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SWAT 2 Soil and Water Assessment Tool Dr. Jeff Arnold 3 USDA
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WE )NAKRREECEENAN R EE,

¢ RAZTHRBMNBMALKIE. B8R SWAT AJIBUER+ 2 F LAy
B NAERESE BRETREMBNKIBEAURIBTS I
MBURFERITE R,

¢ BiTENR, BHRARANTRAEERRYR , THREERANE
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1.1 SWAT NEE

SWAT YT L ARS RS , M SWRRBHE R (Simulator for
Water Resources in Rural Basins) (Williams et al., 1985; Arnold et al., 1990) & #

EALMEN. X SWAT HARFEEETRBNERSIE CREAMS?

(Chemicals, Runoff, and Erosion from Agricultural Management Systems)
(Knisel, 1980), GLEAMS?® (Groundwater Loading Effects on Agricultural

Management Systems) (Leonard et al., 1987), # EPIC* (Erosion-Productivity
Impact Calculator) (Williams et al., 1984),

SWRRB Hy X BMIEHR CREAMS KA ARBRRERTTH, X
CREAMS KXEREMNFERETIIE : a) ¥ EBEE , LIERE/LANFiRiEt
8 ATNREKE; b) AT e TKMEIRER; ¢) AT KEFH
B8R, SOt EREIER K EX R EKMED =2 &, d) AT EEE
M. ABBEHFNRENRSELRE | UHSBKBELD R EMZR L
HBHRS; o) tidt TN IEERRAITE, f) AT EPIC REMNEYE
KRR | UERENERNFRY,; o) DT HENHNIEEEE; h) R0

' SWRRB R—/MNEMESER | AR R IEORAM, |

220 tHE 70 FREH , AMRIEEAE , RUARMBETBEFZRNREEZENHZF
RFAR—NETEEN , ERFRELER, CREAMS mﬁmﬁﬁnlﬁmmgﬁmtﬁka’ﬂo
CREAMS 2 —/NHBEIREER | AUELN T hEREN/NRERBIK , BD , EFVWRAN
RAGWMEA R0, H—RIIFRAVER | 20 GLEAMS, EPIC, SWRRB 1 AGNPS ,
R T CREAMS H#EH, |

® GLEAMS 2—MNUERl T K RAME R YR AR IFURER,

‘ EPIC RIIBEFXAREUNLBEESUNKENEFNEN BRI ELRLLRI—IPEEN
HiEl RENRILERIFHERS5RATRE,



EL1E &t
TRMMBER | LUELURDEMYE, KE, STENIRAFIIEZEZ; i) A0

TRBRAKITE,

£ 1980s K , RENANEBZER/ET KRN , SWRRB BIFF KR
MHIIX — R EiX — B Hl SWRRB MIEEEHBIE : a) AT GLEAMS &
B RBRNEBHRCER; b) AEFE SCS FARMGEIERERR ; c) MITLKN
EDHT-BHERE, XEEHRT BRNERNED , MAEBETRNREEERE,

f£ 1980s 7K, Bureau of Indian Affairs & — MER L E7E Arizona Fl
New Mexico ENSE R R & ith it KK E IR TfFHIRIE, BA SWRRB AT UA
SHWNAELBEFEALENRE |, B2 Bureau BELLFEAELENRE.
NFX—RENRE  EEFESRLENFREF. B2 SWRRB #HA R
XI5 10N FRE  FEREERS FRENFKANDEERRBEO. X
RRES 2T ROTO (Routing Outputs to Outlet) (Arnold et al., 1995) & EH
&, HAILERZ A SWRRB EEEE | FEEKRETEMKEFH
Z3h, ROTO Rt T MEERE S EMAR T SWRBB HEK F R H,
RIX—FHEZRERN , BREZ/ SWRRB XHHWHABMEREMN L MAS
BERENITENFMH. I, FTEH SWRRB REEMIET , RAEHWAZ
ROTO # HITAENKEREE, N T RRXLRE , SWRRB M ROTO #
ZEE—, R SWAT, EAFEMARERENERN , SWAT RET

SWRRB WYFTEL =,
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B SWAT £ 90s fIFF KLAR, BRZF 7T AN EBMT B EEE

ERBRRANR :
¢ SWAT94.2: RINT ZAXIMEE T (HRUS).

¢ SWAT96.2: #INT B MEREA B3R, AT BREMHE, A
T CO, BERIUBEHM SR E KA ENE; Penman-Monteith
BERBRARE, ETHHFHERNRER, TERNEFYX
Fi5 7% QUALZE; STEMNRBFIEH.

¢ SWAT98.1: HEMEBEE,; AEKRER N, EFWEHER

R, R, ERER, MEATEK, BUERGER TE¥ K.

¢ SWAT99.2: R#HEFYEH, WHIEMEFIE KENMELEH
EFRVIUEERR,; AEEFME, TEESEEE, FFENSEN 21
TR 41fz; SWMM RE R RIRFRE , M USGS @RS E

¢ SWAT2000: HEHABEE ;Green & Ampt Ti8; it RS ERLER;
ARTAAPES ., HIDEEMNENIEARER; ATFEFET &
WIS ItE, PRIEEE ET HENEM ; oW, i
BRLTEAKE; Muskingum SEE; SENKIRITELUER TR

it X

BRT LML , BEREEFF KX T Windows (Visual Basic), GRASS,

F ArcView M4, SWAT HELXXKFH 7T KEMRIE,
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1.2 SWAT M4

SWAT AIUEBIFRRBYELSE, XEIBRFERTHHEEN

Bo FHANAE , AUSEFRET,

Figure 1.1: Map of the Lake Fork Watershed in Northeast Texas showing the land
use distribution and stream network

NETEL , RETAS AR FRE. EPFRENNAR T+
SEAN , ANRETEXEETENLEN L RA | XENKIE
BEEFE, BIFREXN D N FRrE , AR TUREZE LI ATRNXE,

1.2 AE 1.1 FREH FRER 2



Figure 1.2: Subbasin delineation of the Lake Fork Watershed.

B-NMNFRENBAGETUARS N  RIE ; KXW E T HRUs ;
LR ; Tk ; URETE, IRMFREAIAKX, KXERETH F
REPEEHE-—THBER, HENEERENESRTT,

TR A SWAT FRREMEE , KEFHREMIENR D, AT
HEBTANRBH, RAHEFYNEG , REEMNKXBERLEFERE
KEBRo MEBAVKE | AAD AW NEERD . B —DRKXEIRE it
BrEx , tIE 1.3 FiR. K SCTEERRY Bl st By BRI B ACAERY K, R ME TR
., RAFINE, FEZWD NKBEHRACTEREN B , AAEX K,

DEETEFEIEHAONTRE,
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AA A A A A A LA A A A

Evaporation and
Transpiration

K
Infiltration/plant uptake/
Soil moisture redistribution Surface
Runoff

Root Zone

Lateral

Flow ™

Vadose {unsaturated)
Zone

Revap from shallow aquifer Percolation to shallow aquifer Return Flow

Shallow {unconfined)
Aquifer

Confining Layer

Deep (confined)
Agquifer

Flow out of watershed Recharge to deep aquifer

Figure 1.3: Schematic representation of the hydrologic cycle.

1.2.1 AKITEEIRHY b b B B2

SWAT EH KN BRET KEFTHLE .

SW, = SW, +Z(Rday art — Ea = Wey —Qg)
R SW, WBEATESKEMm H.0), SWo HE | RNWARLTEEKE
(mm H,0), t is the time (days), Ruay J158 i KHIBEKE (mm H.0), Qsurr I
Fi RNHREBERE (mm H0), E» IE i REEBUR (MM Hy0), Weeep F 58

i %E\ g‘“ﬁlﬁl@ ?E"Jj(i (mm HZO), ng ?‘J%| 955’95’9@9 ‘;Jti

(mm H,0).
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XRER R 2R B T SR M A B M DA R BR . BRDBIMN
HRU it& , FEEUBIRBEER, XUEMEE , EFELIKFE

HYELR,

| Enter HRU/Subbasin command loop ‘

Read or GCenerate
Predpitation and
Max/hin Tanperaiure

Tk Salar
Radiation, Wind Speed

Exit HRU/Subbasin command loop ‘

Figure 1.4: HRU/Subbasin command loop

14 BRT SWAT EHUKEH Ltk B R T RRIRF . X —Fr B

BRIt T EHNHEERANSEFETENED AR

1.2.1.1 K&
FESRREETEEMEEMA K XEREZFSZKETEH K RET

KN ERAEIRNANEEM,



SWAT EEMSEETEER : HRRK, RE/KREEE. KHEESH. XE

MARXSEE, REALIRAKNARK, HRE/REEE. AFMEES. KEM

MXCEEE , WA UEELERPEK.

RRERSBE BR|BFETUREA FHEER. ERAUUNE-NFRE

E R —

RIMR[BIE. 8N FREVXSBFESANIMIE , REEH

MR,

R

4R FEIK. SWAT XA Nicks (1974)F & KRR 4 5 B B oK, X — &7k
At B AR SRIEAMASS N BIRID R, BKEREEA—H Markov
R ARFEEE > ENREYIEE.0-1.0)MASE - T HAREMERE XL
EAREARTH,. MREXRER , WRBERS S A RIS IEMIEK
DAFEE—ERREK,

ERRBNARES. fE/REEEMNAEENRAESS MrEE,
ARSI A—NEEMARUERTH vs BEBRHXBEFNBEHH
Fn, SeRENAMEHEELUEAR  HTHE , XHERATUR
S EKNKBREERENAMBHSEARATE -,

ERNKIE BEREBRARRAREK B FERE , RBIEA FHRE,

ERMEFEE. HEXNEEEREREXA=ASM , BRIEAFEHEXRER
BH¥EOMMTEE. BEREBMEHMEL , BRI EELSRETH
=8 BH#1TRE,

SWAT R B FIEREB B KD NRBERIF.

REBEER. SWAT WREBEZERN—IMEE, H—WREFREE
REANEMERN , AERBAER,. FB. HENLBRIERS
BTG5 H. AFEXN—ITREREHE BIX—E REF
BE 100%HER, MRFRAPRERTX—RE , REBZAMN
R MERR  TTELAKX N ERFE ML

REmL. %;meJELk EHRE  BLER NMREFEEN
7BH, MREERFE %E’-:w%iﬂii 0°C B, RIEEHBREN &K

10



EB1E #ie
SERENEE. MERENEE , RALKELTEXITEREE, &t
WIRERENREAREERRN SR, N THE , HREREEN 0,
EERRNEE , RiZ 24 MIRETTD M.
EET. BHEATFREEHES 7]5';-1% 10 1M EET. REBEENRA
tNFE—ITaRTsITE. BIFFRBXNS NERET RET
DMK MBEEN RN RENRI M,
THEE THEEBEEFMKDEHMARYNEHEER, AEHTHEEE
TERENE-ENFOLITE, HERARERNEES. ERNARYE
=, RIRERE A Ml — X1 E#HRBEENEHYE., TREENRERE.
FEHR[BNLTERERE ELX - RESRFX 4T T2 MIERE )
WEH, X—BEEMAEERE , AT TRENTEESKE
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1.2.1.2 KX
ERKEESIRT  THEHEEEHEHEENEEERER T URE, +
BREMNKSF T2 L EIEARETEHERR B E RS ETRR
RARFEACTE |, FEERAREN, . TBHNKDALGFEELEF , RS
WEEER , HEBED M TREEREHZ 3 B RKRL, SWAT &£ HRU #

BEK kD e BETBEENE 1.5 FiR.

BREGH SERFREKIEEESEEE  AUUMERER. 4XA
MEABUEITERERN SREEZERENER MRXA Green & Ampt
EETENER  BRFELFDINEL. SWAT RTFAFRALLER
ERAHEREHNNREAEEEHKE, X—HENHEREHWERA
KRITEFAEREKSIBPREAERE, SITEREN , BAEREEFME
HKE,

Ti# TE#EKksMNIEREHALTEAT. BEETSHE , THILE
B, £FETEERRRE , BEEXT—ERSE. VR TBEE , BT+
BREESKE, RATBRERRNLIFJENESE, BA & EUE R
B KITERR , THREZELN TS, #ATEIENKEN 2RABRE
MZZE. Green & Ampt Ti2FZETUEEENTEZ ERFEEREMELS KN
PR

Boik BoiEks#EALSRIE (BRKkSGER ) RSz, BoOE
REATEINEFHNKRISEEREIEN, —BSKEEENIHRT N,
B EFFL. SWAT WBIEERRAFHERITERTNRRX LEE
Bk MTAkREER , SRS TRZARBEKE , ATRELEARMBME
RE, KRBERATEBNESERE, NRTBRBREN 0°CHUT |, i%
BRATREBDE.

12



<
¥
it

IVAS UTUSTIS A0W B8 JOJ o] qereat sfemuped Jo orewaydg (61 amdng

E.E umay .

S

J3A0D MOUSg

[

amoug _

A

uogedruay

13



F1E 412

RBR. ZBRNATE AR M 5 A RAE S E 8 B 7k 53 3 RSk
FHERHEM. RBMRGENTR, 8, Rt , MERKRENEEL , H
MEYH R RERNRER (R ) ; URKNENEL, BREZHIUTELE
MBI Z R (Ritchie , 1972), BETIBKZRANGENBERRRNHE
RIEH (A ERM HRU ERLLE ) VR KEIRARERGEE , XA
TEREMSKENEREBTE., BYBRRABEZBRNHEHRER
RV B ERIT &

BERHER BEZRBRAKXERER( TAEELRKIHE ) T2
BEHIGBENXENE#R. X—ERZ2HERIANTEHSELE , O
WNURABIFERNE , W, ERRM T =MERHTEBRERR
& : Hargreaves (Hargreaves et al., 1985), Priestley-Taylor (Priestley and
Taylor, 1972), # Penman-Monteith (Monteith, 1965).

MiEeTER MNEBTER EER, NEIBEREATEENFE 2B X
HASTERER KD s, HEINEO2mNERRITEEBES BRI #T,
B O FHEERRARTNE - MLREEPNERR. REERESR, KEN
TEESKENE,

WREBR. HRER  FHERER, AREERENKTR. RARRXBSK
BRIk A , SWAT EEIE—N HRU B REBRFIEER R

WREBREXFABEN SCS ML E (USDA Soil Conservation
Service, 1972) = Green & Ampt Ti&3% (Green and Ampt, 1911)if
B, THE&BAET  EBEE LIRS KEFEUTL, HERE
TEEKEBIAZERN TR ,EEE WA E I, Green & Ampt &
FSEXRASKNEAEE K BREIBBREZNERKIESRITE
Tig, BETENKSERAMRER. SWAT @87 —NMIEEFL
BRMER  HE-RTEBEERT 0°C i HBHENL N EL, ER
LEMELHER , EEFATRTFRHPATFIENT S,

IEEERRTNRAEENSESESE, B  SEMFEETIM
—ANBE , BMREKBE | BIRTFRATREE  BLABRRER

14
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P MEESORETE, t, WNAENFREBKCERREEHO,
EBENEEMSE | BERRI FRECORNE, t, ANEKE ,
HitZRBRE , MFRECRNBEHOE, EFRBORNBIAKE
kXK  BEBRKEXABNEREGEE, FRECCKENEIXA
Manning AXITE , ERFEFTELR.
HYE.  HERNFREBPOKETFEES , TUEBHERER. MEALR
HRENLAFRBERN S . WEREBRRACTETEZAN®X | HE
FEWLEBEFRENRK, MEKEEAMESE, BARMER. BRAR
ANEY. FENBERANEEIENWERER (WNBSEN ). BT
MANSENNKREARRXAFLMEFRHREBITE.
XTME HEFREPEXTHMREATE  TTENZRITE, R
SAEANRENEMASTE, FREPE—ZHTEREFRBN—5820 5
K, HFERM TS, IRTEANEKREERAFREEME,
SWAT R a8 M4 B KORE FRsp0 R et .

RRBIRR. RBRAR N RATFRED VKSR LRI KE X MR ALK
EERAE-—ENBREM TKEATORFM T RKELNFTHIRS
B &M Re SWAT KA Lane A& (L SCS KX FAMF(USDA Soil
Conservation Service, 1983)58 19 & ) {hE&EH K, JAEN KD MK
WHAERE., KEFMKRNENER, HZHTEREEBIRKEN
FSEREIRRENEBERR.
ER®R. EER RER , i TRKELHSTERR. SWAT Fitb kDR
ANSKBRE  RBHAEEKE (HEEBER) , MREAESKED
BT R A LA KR (Armold et al., 1993), RHEBRXEIFH KD BR , 5
AANBD  DFEEKENKERE. BRTEIAR , REFHEELESKEN
KOSETHDTFENRET AN LESE KD , RFED R %EIEHE
EEKEMRERESKEFHKSS A BB K RIZE,

1.2.1.3 HEFEBEENMEK
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SWAT KRR & —EMERKERREDFBERBEERE, X—EET
UXZ—F4ENSFEEY. —FEEYMNERBERIIBIRATY , R
RREETSTREEYRERE T, ZFEEY , RECINRRRE , &
LRKER. EMEBTFEOEEESERNMNFITHER, EYERERAX
TN RAXERADNEFY. BR , NEVE~E.

BELEK HSOUBEYEYERNBERNEXNBERGCTEYRNE
bn. SRR EYBNOBER NN BEERTEYRCERNEDRIN
RRUNEY. SFNERREARENIEYHERERITH,

BENXEGRHE UIEEEEVERANSERBRETNE. REBRBAEN
BEZRMAN TR TR A KENEK.

BRI YR ARMBRERAMREL/FERFEEE , BEY
AMERNARZEEYPIOFRENZGLEREZEZ, RUREETRANE
K ERTE(Jones , 1983),

EKEBH. FEEEYERNTEEEATINRERGEREFmMAEEE, K2
8K, EFNARENMRFER,

1.2.1.4 F44h
RUMFED=EXRABEBALERAFEMUSLE) (Williams, 1975)
E8—1 HRU, USLE RABERERFMEERR T , MUSLE RAERKE
PRBAED ™8, XHERNATUEUATHEL . RSRETMNGE ,

FEMHUWBL , RBRFEEDF B TS, AER AL THER S B A

?‘rr

i

EHER , BYREAERES AR ETEERREMLEETE. FY
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BRFUBRNEMNITE  HAn LEYE, REKYNK/NESEYEF

MEW, HERMAERMNEFHNLER Wischmeier and Smith (1978).

1.2.1.5 EFXY

SWAT RS F/LMEXNBEMBN G ML, ELEF , BN
—HESIT—MESNEL , A 1.6 FIRHARIEG, HEPBNE
L@ 1.7 FRREYBHEIRME S, EFY W LUEN R ERA R BREEATE |

FETERE T iERE.

#. SWAT £ HRU FEBIN TR BNFRR L EHNERE , E 1.6 FiRo.
YN ENRARXARG/ERFEGE( AEYEREY ). BRTHEYFA ,
HWEBRHNENETUAEI TN L EERR, RER. BRARMNSRHH
NO»-N ERFBAXENLTEERFHREME. EVNERELNHRBEA
McElroy et al. (1976) FF A&/ , F £ Williams and Hann (1978)18 kK , £t 538
—EREANATRARITE, ARFERERELIEFEINERE , D™
B, NEERBCkHERENEREA. EERBNEAITENERESLE
BNEREZL,
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NITROGEN

Organic N
Humic Substances Residue

Organic N
fertilizer

(—).Stable -
h D .

Plant residue

Figure 1.6: Partitioning of Nitrogen in SWAT

B SWAT # HRU HEZINTRIZEMNFE L EFNBE , 08 1.7

FiR. YN ENFAXAMRAB/ERFEGE (REPEKET ), RTHE

MFA , TEPOBESHUANENHATUBL KRER. BTRE TBIH

ERY , W RBFFRERE 10mm LEFHBEBRSBEOEEERARTZEEMN,

BREBRNABABMRALE 10mm FRBSBEIREN , BRENSBERE

KRitEH., BHEDRBRASENERECUN AR HREERL
PHOSPHORUS

|
|
Mineral P I Organic P
|
[norganic P fertilizer . .
=i I Humic Substances Residus

Plant Uptalke |
I Organic P
| fertilizer Plant residue
|

v v

(ol Je o BT sy

I Residue Mineralization

Figure 1.7: Partitioning of Phosphorus in SWAT
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1.2.1.6 REFH|

2R SWAT RERURE, ERNECHEENNENERNED,

BRI HRU FRERRBF LA YRERBPHNEZ, SWAT &

i REREFRBFHEATE CUARIRMERDHER), BLLREH

ATEHEMEKREFEBBRF), KERM#LEH RNRBRESHEEL#HE

GLEAMS (Leonard et al., 1987), RBFINZZHEAIBAMYE, BEFXREH ,

MEEANEBRRMRBORE, BUHH LN LEPRRBH  REFRH

BB AR, REFEIKNELHNHE , HNE-RBEREMHTE

HERRERKUES —TENBIE,

PESTICIDES

Foliar Application

Wolatilization

Degradation [

l Washoff
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Figure 1.8 Pesticide fate and transport in SWAT

1.2.1.7 B
SWAT AFAFENE—1HRU WEREERE. AFTUELEKSE
THFBRMER , EEEE. RBFNENE , ARERNBRE, &£
ERFTERN , T ENARMN HRU EREVE |, SEENERE

£/
BRTYIXLEEAWIERE , HERKK , BaEERER , R EAKF
RERETURNBZ MR, ZMNWERERIGER , BMNTHHHXH

D MEFYAF TR,

B FANREEUNER—HELMETRNREY  BEE—E
MIRFE. SWAT AR EREE —FNEEEETL. ERETSEERE
HEMEHRNERE, SWAT AR HRU s BHRANEYWE KN, B
BEE i E R AT iE — e

KRR, mrpEBERKFANRALEAERNBHHKMELS, SWAT 7
W HRU RAKRBEMBENREAMBEAKR, KATEKE, AR, MF
BRI, URMNREBINEK,

1.2.2 KIIEERHYAER H BT B
—E SWAT BETHATTERK, B, EFWAR BN RHE
B XA R KA S HYMO M S S REE (Williams and
Hann, 1972). B TERUTETHRETE | SWAT wERULSWRETE
FSABREYEEAL, B 1.9 ERT SWAT BRI RRTEHITE,
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Figure 1.9: In-stream processes modeled by SWAT

1.2.2.1 EMERIZRESE

EMEFREE TS HENEED : K, D, EFUNENCENR,

BOKEE. BEEKRE TRz , — o TETR A NEERX
&R, 5 —MNEEMEIARLFAZKAK, KRBT EEZRE KSR
B mab 7. KO AT AR AT EFMERBUE(Williams , 1969) =% Muskingum
EEE,

EDHRH. EGRHESPRBERMNIEER S  JIRMAR. Tt
HIRY SWAT AR 2SR B 7R B8 & 5K 1 BME JLR AH Ml (Arnold et al, 1995),
Bagnold (1977) EX T REEE N KB E., FRIENKEHE E R FTFR, Williams
(1980) XA Bagnold & XFF & T ¥aTE 4 Rl 79 5718 157 B R R 1 B B EAAR
A ZARBEEY  RATERBELEN TERERRNER. THA
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FTREETUARBRZLE ST EENIRYR BERFENYREER.
3 5 B9 SAT 7R BE 2 AT LAIE B AT BR Y % dl o AT AR OF il AR 38 5A] PR AT 4 Fl B 4 IH B

BEFRYWEE. ARPEFDECHTEANKRERES, SWAT MA
RSTERN S hZ |, 18 E QUAL2E(Brown and Barnwell, 1987), R EIA
BSEFNNBMSERY. BRSEFYEK—EHE , MEKSEFRY
FVFBER A IIAR T IR,

TERBRRE. 2ATHARAFALEAT HRU , BERRAE —FpRAFH
AREAMPERE  ANESE+2ERMETRN. SEFYAM, 55
BREF AT D NBEBSHRHSE D, BESRERNEK—EHRE , M
RSEFYERDWE |, HZIREIRHOIE, 727 5878
REBFNHCH-MEFEXRES, REEMANETETEATEZSE  JUE.

B, BRE. BR. ¥ BN,

1.2.2.2 KEEE
KENKEFZEHEIEAR., HR. BK, BXR., BRMAK,

KEEHMR. HEBERHET 3 pEEMBKELR. F—fNAFEAIN G
W, BERNPHNTESKERT , FEEAFEEKHERR | JKERE
BIENER , ZROKDU—ENRERG M, BIRAERNEDE—
RAFM, F=FNANEFERKERIT , FEAFEEAKEEEBR.

RE. D ARALARE LT ERFRDERER. KERH
OREXRAFMENESMELSE , BEAR, HRAKEBKEIRNREMS
8. KERFRDINREFERIRENRIFNFETE, HRNEDIER
ITRART M FEM B Ok B R R EE RY SRR

KEEFUR. XRAMENEABYRAFERE (Chapra, 1997), BRERIR

1) HARTERER; 2) BMARGRETF;3) SBNHBAEFRSHNE. £
—MRIRZE TSR MEKRRFHEMNEL, B-MRIREEEFE
RERERRIL , F=NMRREREBRNENECRFEXRR, BYRTE
FREAEHR. AR, HRREMSMAER,
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HRR BT, WHREF FHEBEHBH Chapra (1997) , HRIEZELREER
o REWDNTELRENKE ETAZTLRENED R, EKMEDE
PREFNE D NABSHFNS, EREDNTESESEAET. HR. &
b, AR, JUE. ¥, BEFNERE,
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21 HiixFE

ATANRERETE RS  ALEEAERTHTS KR THIREANENE

AR, MEFANEMXSE , HS5ZE Igbal £ 1983 FX T HREFHMAXITIL,

211 HitifEEs

At EIEE R 1.496 x 108 NE |, @E RN MNEE RN —NKX
B (AU). XFFAH , ERSEEEZENHERALUN—MEE , AMmERE

—K, B#hEEERETIH , RARAH 1.017 AU, &/NH 0.983 AU.,

BT EAIRRENAPRESAEER S AMIERN AR LN | T
LE#EENEBESNLEEEE N, B  BHEENITELARXNRRNR
—MREBEBRIM Fourier RBERIT. XN T —MMIERNA , Duffie
Beckman ( 1980 ) RHM — M EBARXZUBRER , NN LAXRARIT
HinBREBREFHNAH , FHRARPENRORLUERF EO:

E, = €/r )=1+0.033cos [€rd, /365 _ 2.11
XF, o N AMFHEEE(QL AU), r AMRRE-XRNB#EE,; dn RIZKRHNE
—FHNREY, ERMN1L A1 SHERNE-R—EZT 12 A 31 SR 3651
X HP CAGBERERAN 28X, ERINEDENEE  XEBZARNEE

BAEA,
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2.1.2 AFEHA

WEK FAEARFAAFKEEEASTTNNLSWSEE JUEERREORNS ;
BTN AFRBARARNOE K MEENLENARORAY DA
23.5 EM-235 E,

T XA Perrin de Brichambaut F 1975 1 HME AN AR TR FITE X

FRIR A

5= sin{OAsin[% q -8 j)} 2.1.2

XA & NARMERME , B{uilE (Radian); d, PR BHIVE—FHHIRME
PUE: 8

213 AXBHEHF, BH#, B%, BK

Figure 2-1: Diagram illustrating zenith angle
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ABARTRA K B AP A L MEE TN & @ LAY EELHI R
£, WE 2-1 HATRI 6, o HRMAMZ RPN R/MERX NMAYBTZIFR R X
FHIE A

C0SH, =sin J sin ¢ + COS S COS ¢ CoSwt 2.1.3
NTE-LENHIBNVE , KFAMZAMRREA K FENXRALET
ARR :

cog,=sisip+coscogpcost 2.1.3
XA, S REME RN MR ARBBRA ; o NS BN N IMEN LIRS E L
PR o N ERBENAREE (0.2618 rad htor 15°h™) ; t A AREA, 1EAR
EF, tBN0RZ , FEFEUEE , E THME EEIGAE. TRBot BER

HNEf A,
-1 -
T, =+ Jtanstang 214
[0
Pl
-1 -
T =008 Jtanstang 215
w
E\ EH&, TD|_, i‘l’%ﬂu—l: .
-1 -
T = 2cos™ ftanstang 216

a
BHA Tsr MBE% Ts RAEBEBAMAEFESRBENNS BYKRE EENS

2, eNREZEY !
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EEK ToL AT A B ZIEE B et g, Bl -

2cos™ ftanstang
[0

2.1.6

Ty =
LSHEHET 66.5° HHFKTF-66.5°0 , [-tand tang] WEESET 1, AT LR
BRI ; WH , BELARBEEHRE (£F ) FFREBERE ; ToL RItH
RHNEDBIRESN 05HF 24 /Nt
MRESIH -—FHNFEENER X TIL¥Dk , LU ARGIRAEN-23.5°
(-0.4102 radians)f X AF = 2.1.6 KRB , MmE¥IK , KA 23.5° (0.4102 radians)
KIRAY
R2-14E6H7T SWAT EEPATATNIHEIE -RIN@AZE

Table 2-1: SWAT input variables that used in earth-sun relationship calculations.

Variable File
name Definition Name
LATITUDE Latitude of the subbasin (degrees). .sub

2.2 AFES

2.2.1 HERAFEH
A PRS2 b BRI i A2 o O M — B AR B SO B R AR A PR B
Isc RISEIEE AR 1AU 2 59 B A PR A S 75 B 80 2 M ER _EFRERE &
T ER Y APRIEST AL, KEILUR | ARt EEBBE(XAME, 1981 & 10

A, BEERERANERNENR
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lsc = 1367 Wm?=4.921 MIm? h™*
BER—KWbIRABRETUEL TRIRE :
I, = 15 E, 2.2.1
RF , B0 RHREANENRORUERT , lo, WEMH Isc R
ATHER—KFENERE 10, TUAFATR
I, =1,,cos6, =1, E,coso, 2.2.2

A, cos 6, RAAXRIMANRZ,

i
vl
=>H
pin|
$
5
D
N
EE

—RARHEE—KFELNEEEE T LUER

Ho = [Tlodt=2[ 1,dt 223
X Hy FHEIRABERE MIm?dY), sr FAHNZ, ss 7 EZERZ.
BRIEE—KXAE0ELUREFEE , HEEXNRBERSHRAINNARS , £
HAERANER :

H, _24 I E, fTSR €in 5 sin ¢ + cos S cos ¢ cos wt Pt 2.24
T

HE
24

H, = — | E, bTo €inSsing Y €oss cospsin @Ty, ) 2.25

XA Isc FABAER4.921 MI m? h?), E; AERSGEAHENRORY ER

F. 0 BHIREELIEE (0.2618rad h?), T, ARBEHE2.1.4 E XK B Het
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E . BEE

E2E HF

|, 6 RUMENEMWARAMAMNA, ¢ NBBESELER ERENERIA

MEBEF , TUBEE TR
2.2.6

ﬁ‘j —_
= 37.59E, pT, sin5sin g +cosd cosgsin @T

222 ToRAETHWHESH
HABRASENAPIIES &5 — B HEG ERE RIS, HKEH
EREASEEAINREKE

SWASMEDEE.

E

He

HASEL R,

DUREHNEEKERER
BT AMRBEHERSHEEIERESESR FARFEANTEENYELES
20% Y

FREL SWAT BN RIRERZECH RS
, AR BRREE B ENE

fim

Ko

ZHYEHNEEHE ,
HIRAEH TSR RIE, BFHRIE
MY B K ATRE A PRARSY -
wx = 30.0E, PT sin5sin g + cosS cosgsin @T, 2.2.7
NP RARATREAPES Hu R REEZE TR RN ERNESE HE R (M
m?d™?).
2.2.3 HAMES
XL BFZENFE, B RNBAHERFEE Hey BHENTE
XE SWAT REFEEZWHRABHEE

LT EN SR ARS8 Hmx ;
HETBT WAL TS ERBIEEEUER,
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ER AR RGP SLRSIM & |, B2RARENLIRNABM T E. &
ZEEREN 1, WaMABE AR | HFEERAREFHBENXGE
MUK B2 IERF B EL G A S X (file.cio))FHIRE. = SLRSIM
RER 2 B, MBI LERTE B ARBEHEE ; XEFEREFHESR
WitHE, SWAT RS REIXTAMRBHHAZTRESE TR 2-2.

Table 2-2: SWAT input variables used in solar radiation calculations.

Variable File
name Definition Name
LATITUDE Latitude of the subbasin (degrees). .sub
SLRSIM Solar radiation input code: 1-measured, 2-generated .cod
NSTOT Number of solar radiation records within the .slr file (required if SLRSIM=1)  file.cio
SLRFILE Name of measured solar radiation input file (.slr) (required if SLRSIM = 1) file.cio
ISGAGE SNLnglt?\;zr %f solar radiation record used within the subbasin (required if file.cio

see description of .slr file in the User’s Manual for input and format requirements if measured
daily solar radiation data is being used

2.2.4 BHYXPRES

E—/PER, BREE—KFYOENBRARHETREH
I, = 1 E, €in 5 sin ¢ + cos S cos¢ coswt 2.2.8
XA, I HE ot JHOH — /N RIFBRIR R At IR FE 5
ATERAFBENITES AN B RBEES , TEX X AFRER
MAPHNWERNERT#H, RTEIL, SWAT RIRABHEFEIN S

12:00PM,
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NBEEMBEZANESNNEESITEDL 104 8RN, BLARENS
RESHET Ho, Bt , HO RUB/NNNEHER S Y REENLHIRRE
B-NANES, XA ERNFLETRNEMGITRANKEREE RS
MEENAZNBRRAUEINRES I ES/NEBES PR,

SWAT A T HEM QKR ITERE b EaY e 9 AFRES

l, =1 H 2.2.9

day
XA, Iy REEZKE-HBEPHARE KBRS MI M), v, %D

BT SRYBEERIEESI, Hyy RZKRE B HE LN AMRESEE.

TRART WA o -

| - an 0 Sin ¢ + C0S S COS ¢ COSwit; ) 5910

> €inSsing +cosS cosg cosot

t=SR

XA G AE i DETR RIS MR APEET .

225 H$ES

ARANTEZEGHIASFNRANERBEHNFKR (R )EH. TRE
b ALE 3 R AR ROR R 5 SRR 1B B2 R 5.
y-a-H

H,=H PHH L -H T 2.2.11

day day

B &
Hp = CG-a dHgy, +H, 2.2.12
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AP Hoe BEE (MI m? d?), Heay BEEMEMN AFRERBSE M m? dh), o
NEREBEN R REBE, H HEEESH (M) m? dY), H, BEAHKKERE
5 (MIm?d") BNEMTNEILRREERNNAE. .

2.25.1 ARKBEH
BERBHENLA GaH,,. *Fa SWAT FEERXHERNR
TIERA | EREE  REFHER. HEKHEXT 0.5 mm &,
a=08 2.2.13
HEKZHENTF 05 mm HEZBEEMRE HRU £ KA,
a=ag, 2.2.14
KNP oo NEBEHRBER HAEFEEKABEKHENT 05 mm
B,
&=ty - €= COVy ¥ty - COV, 2.2.15
KA e WHEWHRBEGEN 0.23), covey BLEEERT , T
BT RRE
cov,, =exp€5.0x10°.CV _ 2.2.16
EXhcv Bt EEYMENEEZY. (kg ha').
2252 AKKEH
KREHATURETEHRFS AN ERITTE LK
Hy=g-0-T/' 2.2.17
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. BeE

XA Hy BEHFMNEEERMI m? dY), ¢ RS ZE, o Stefan-Boltzmann

B (4903 x 10° MI m? K* dY), Tk AXRSHEEFERERE,
(273.15 + °C).

BAEREHEET - IMNARE22217TEEEHNARXRITERN (Jensen
etal., 1990):

Hb = fcId : (a _gvs)'TK4

2.2.18
KNP H, AKRESH (M) m? dY), fag AT BT ZEHZES| AL

—MNMETRETF, & BRRNEFR, 50 EBUEN TRH R 5H

Wright and Jensen (1972) R T TEHEXNZERATE F, fua

Hday
f,=a- -b 2.2.19
HMX

R a Mb BREH Hey BARER—REE#HENARBEFMI m?

dh), Hux ZRTHUREBHNRATEEARES (MIm2d?).

FE 2218 FH2NMNKFARAUEN T 2 XFAR o BRFR
AIATEMNARKRE ( Brunt |, 1932):

e=e, -5, =6 +b e 2.2.20

AP a; M BREH, e EAEBRNESEKP). e HITERFES

=ESKE,

M 2.2.18,2.2.19, and 2.2.20 AIAB RN T iHEFKREHH LN
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H

H,

H —
:{a. Hday _b] ll+b1\/E_-a-TK“ 2.2.21

MX

EXFSRINIINMFEEE@ b, a; and by)KIKKEIT&R 2.3.

SWAT TR AR EEFIA Doorenbos and Pruitt 32 (1977):

MX

y _
H, = {0.9. H“ay +o.1] §3a-0139ve 0Tt 2222

Table 2-3: Experimental coefficients for net long-wave radiation equations (from Jensen

et al., 1990)

Region (a, b) (ag, b,)
Davis, California (1.35, -0.35) (0.35, -0.145)
Southern Idaho (1.22, -0.18) (0.325, -0.139)
England not available (0.47, -0.206)
England not available (0.44, -0.253)
Australia not available (0.35, -0.133)
General (1.2, -0.2) (0.39, -0.158)
General-humid areas (1.0, 0.0)

General-semihumid areas (1.1, -0.1)

Table 2-4: SWAT input variables used in net radiation calculations.

Variable File
name Definition Name
SOL_ALB soit: Moist soil albedo sol
MAXTEMP T .. Daily maximum temperature (°C) tmp
MIN TEMP  T,,.: Daily minimum temperature (°C) tmp
SOL_RAD  Hgsy: Daily solar radiation reaching the earth’s surface (MJ m? d™) slr
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B

23 BE
BEEEE—RIYE  (LEMNEPERE . BEOKKSEEKRBE

IR K,

DI BN D BNGT W, BE[BAUMALREHERARPER. +

TR BDRE AT BN RR AR & K,

231 BRB

SWAT ZFEHREANHZ/NRE, XEHRFEAUBIWANXFEADERE

BXR&=E, APBRIMEBUEIRERTRFIAINEERIAN BEN

BE. MAAFEATXENENSE, RENHHEERAKES.

E@MAZHEHRB SR TMPSIM &£ |72 F R E N FIEF B W5 %

RENBHIE. HZEEREN 1, WaMNEBMAIHEA | FEFREK

FOXAEMAR B ENIERFHRERS B AR H X (file.cio) PHIRE

HTMPSIMIREN 2 8, MBY AERFEBREBEHE  XEFEHLES

MERFILE, SWAT RS REIX T ABESNMAZTELE S TR 2-5.

Table 2-5: SWAT input variables that pertain to daily air temperature.

Variable File

name Definition Name

TMPSIM Air temperature input code: 1-measured, 2-generated .cod

NTGAGE Number of temperature gage (.tmp) files used in simulation file (required if ~ file.cio
TMPSIM = 1)

NTTOT Number of temperature records used in simulation (required if TMPSIM = 1) file.cio

NTFIL Number of temperature records within each .tmp file file (required if file.cio
TMPSIM = 1)

TFILE Name of measured temperature input file (.tmp) Up to 18 files may be file.cio
used. (required if TMPSIM = 1)

ITGAGE Number of temperature record used within the subbasin (required if TMPSIM  file.cio
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see description of .tmp file in the User’s Manual for input and format requirements if measured
temperature data is being used

2.3.2 K&

SEHE-—RREEIHESSENSESERMN ; BF , — 168
FINSENMERN RS RENBREREHRHITEXEE. & ARE
fRig H 7 15:00 /1 et M HRAK B RIBRMRIR HIAE 3:00 /N8 Campbell, 1985 ),

ABNPRWSRERATNBEL TXITESE

Ty =Ta +@)cosq.2618- G-15_ 2.3.1
R Ty 2EXE hr MWSE (°C), T ZRHBFHESECC), Tx N
AB&ESE (°C), Tm HERESE (°C).

Table 2-6: SWAT input variables that pertain to hourly air temperature.

Variable File
name Definition Name
MAXTEMP  T,,: Daily maximum temperature (°C) mp
MIN TEMP T, Daily minimum temperature (°C) mp

N

33 1HEE

TREENANPDREE#RRENETNAZLTREIN. B2 -

".' 5 cm depth

30 .-" air

s ~ > 300 cm depth

Temperature (degrees C)
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2 FrIRB9 79 College Station, Texas i X #YS B R ithF T 5cm F 10cm ZRALEY =
BRE
Figure 2-2: Four-year average air and soil temperature at College Station, Texas.

XEIRGEAT HRRETCHNFINEERR. BX IREENSF
KR —NEKEE , BR  #RNF R EERE DERENE MR
BIZFFE -REMEBRRFEETE (&, KRENHKESE LI HE
EREFRENTAMAREN, WEBTHR , EHRBFESEN (—A)
it 300cm A BUREBER (=8 ) H3INMANER.

Carslaw F Jaeger (1959) R T —MNAEXREETEHBHFTMHE
1t

T €d, 3T aa+ Ay, exp€z/dd InG,,,d, —2/dd_ 2.3.2

XA Toi(z,d)BERER z(mm)BE(CC) , d AE—FHWIRHOREK
Twm REFEHHER (°C), Auwr REREBREZLWNIEE (°C), dd BEER
BRE (Mm), om BRERWAME. AR, Hz=0 (R, HE
232 ABINR T, €d, ITm+A, sin€,,d, . % 2 > «off, 55
232 R T, €d, FTan.

ANTHELEASERPREETSNE , X E XHNE BN ARBTNMAE
SREM  ERXLEFE-REBOBNE , AENEMGHTEYEREHS
HREFRBER. Hit, SWAT RANMEREYS RN EBEERNF
—RWRE , FFHRE , SRR EENNIERESHEEBCRITEN,

LN ARERARUTESELEF LN EFERE
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Tso|| (d }ﬁ Tson (d 1} IO f If iAAalr - ssun‘ _+Tssurf : 233
RF Tou(z, d) RESE d) KRE z(mm)ZLHGRE (°C) o ¢ NIERRMK

t (BUEM 0.0 B 1.0) A—NMEHFI—REBEENSKEEZBH —MNEF,
Toil(z,dr-1) BIZLEHRE—KHKBE, df EA—NRERFEENHLZLIEN
FRALBSRESTBENEIE | Tara FEHKE (°C), Ten HRHILER
BBE. SWAT IBIEERRH (i85 0.80. Bi— KW TEEERCDHM , HEF
FHRBAUMNRSER A (wgn)PHIREN KA REMRESERT
Bk RERF df MIBRRERE Tew WITERE TEITHL.

RERT dof UL TELEITESL.

df = zd 234

zd +exp€0.867 —2.078 - zd _
XAF zd RYUFETHENFORE : ERRIRE dd W ELE:

2d = % 235

dd
MBI 3 NFREF (233, 234 and 2.35)AILEH , HEETEREN

RE THBEERTEAREBENEYN BERENEN TEEEIFFY
SENENZEHEA, —EBIRRMRE dd, TENBEET mar B 5%EE
B,

FRRE dd REXBEITEN , CREBARARE. tBRENBE.
MEBADHEE . FARARE ddn TEUBE TRITES ®:

2500 p,

=~ 2.3.6
p, +686exp€5.63p,

dd__ —1000 +
XNp HEBEHRERBRE (Mg/md).

42



F2E HiE HEE

TEARDEENTRRENTE T BT ERE F oRETHEK |, oAl B

_ 23.7
= @356 -0.144p, Xz,

X SW RETEHEFH KT EE CREIE T EIEPHKIRER
RIEXH (mm H0), pp AETERHABRE (Mg/m®), 7 AMNTIEREELE
HERIBHIERE (mm).

BARBREBRNE dd A AEE :

2
dd =dd__ -exp| In| 22 |.[1=# 238
dd,., 1+¢

P ddnex AERAWVRERE (mm), ¢ HTEKRSH—NHRIGREF.

BREFBEERIN-—RHKREE , WRBENEE  URIRAXEEENR
HRREENEY, KREIRGRWRETUATASGH:

T G T ;Tmn = 2.3.9

bare

= -Fav +85r
XA Toawe BRETIEREHN BE(CC), Ta HYRHWFEE (°C), Tux N B

BE=SRCC), Tmm BRESRE (°C), & N—BHFW. BHFIXATHiT

L

14
5, = Moy Ca3 23.10
20

HHF Hoy HREBEHRAARABEBHFMIM?dY), o AERRXNBHRER.
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TERELNEABZFARANENERENEE  BERNEREEX
TEEENFEITUANTIMERFRITESH

CVv

CV +exp€.563-1.297x10 * -CV |
bcv = max 2311
SNO

SNO + exp €055 — 0.3002 - SNO )

R CV RELHREMN R ENEYERNEE Y (kg ha') ; SNO HHKRERE
Bk EE(Mm H0). MRITEHEKRNNERF bev X THREMRKSEUE
N0, HEZYIEMEHEHEIL 1.0

THNAFEALARITELRREBE Tour

Tssun‘ = bCV 'TSOil (dn _1} (_ bcvjrbare 2-3-12

KA, bov AR REBEZMWEWORNER T, Toi(1,0-1) HAT—REE—
BXERIRE (°C), Toae NARBHROWIIERE(CC). AINEH , #RE
ENEAREMNT I —REERRSEN Y K EEENEE,

SWAT FEESIE HEEETENRATECKE T X 2-7 PHIH LA
REHMIANZER TR FRMZREMFNEREESE HRUs (sub FH
SNO_SUB # SNOEB; .hru F#J RSDIN), Xt AT ERIXEMELLE]
BN ANE ; 8K, EEEREXHH mgt FHREISEELENE
Bl REBER , N IWE TEEBE,
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Table 2-7: SWAT input variables that pertain to soil temperature.

Variable File
name Definition Name
TMPMX Average maximum air temperature for month (°C) wgn
TMPMN Average minimum air temperature for month (°C) wgn
SOL zZ z: Depth from soil surface to bottom of layer (mm) .sol
SOL_BD . Moist bulk density (Mg m™ or g cm™) sol
SOL_ALB Moist soil albedo. .sol
MAXTEMP  T_.: Daily maximum temperature (°C) mp
MIN TEMP  T,,.: Daily minimum temperature (°C) mp

2.3.4 KB

KEZFEAXRBEZRABEYIKRZT(TEZE, SWAT FIAT Stefan and

Preud’homme (1993) KBB—NMNFERITER D BEEERBATIAKE

Tyer =5.0+0.75T & 2313
A Toaer FEHKBE m (°C), T ZREFEHYFE (°C).

BT REARZEYE , KENSBESTESNUNEEMTENLER ; 4R
EABNSEEE —BHERENE , RUKKESSE-—RETETRRESE
8B 3- 7N BEIKSRESEN , HERERTXNARTE, X
FIEERMARRE , FENETERE 1 BLEG, HE 2313 RESRE
NCRAVEER B [E /N F — Ko

BRTYSE, KEEZIIARRES  AAMNEE , NE , KR, M Tk
BFR, ARRER , EARESE  URETTMIAHANEESELREK
VM, SWAT fRiRiX L& X 3= Y £ 0 v] S 72 B o

Table 2-8: SWAT input variables that pertain to water temperature.
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2.4

Variable File
name Definition Name
MAXTEMP  T_.: Daily maximum temperature (°C) tmp
MIN TEMP  T,,.: Daily minimum temperature (°C) tmp

MR

2 A Penman-Monteith FRREEBERBHTMET , SWATEZECH
R, SWAT RIRFEFERBTEMRK 1.7 LR E,

ZHF A Penman-Monteith FRERMGERBE , FREPHRIELT RN
TEELNUE ; & SWAT F, MTHEHESENNENENSEE  BE
T—MR/HWERE 1K ; HBE 1k, RENXESERRBTRAE

z, = h, +100 241
APz, NNENRELTHEE (cm), h. NEHSE (cm).

FiniRNEESENZAIMBATHSAH (Haltiner and Martin, 1957):

Uy, =Uy, - |:Z_2:| 24.2

XF Uy H oz LBREmM s7) (cm), up NBE 2, LBRIE, aa B— MU
FoM1zAN—MNEYR, EHERETASHNREMMERNERE.

Jensen (1974) 21 aa HL0.2;iXth 2 SWAT FrXAMH.

BRONEHFELTAMNBA N EAREBIEE LR, A
KRB WNDSIM T2 A SURE M E K. FZEEREN 1, WM

BRAXHEA , ARFHBENXHEHRARBENEREZRS TR @
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A% S (file.cio) P HIRE. 3 TMPSIMRE R 2 6t , MBI ARERZ4£

BXRHE  XEFRFLEEHERTILE,

Table 2-9: SWAT input variables used in wind speed calculations.

Variable File
name Definition Name
WNDSIM Wind speed input code: 1-measured, 2-generated .cod
NWTOT Number of wind speed records within the .wnd file (required if WNDSIM=1)  file.cio
WNDFILE Name of measured wind speed input file (.wnd) (required if WNDSIM = 1) file.cio
IWGAGE Number of wind speed record used within the subbasin (required if WNDSIM ~ file.cio

:1)

see description of .wnd file in the User’s Manual for input and format requirements if measured

daily wind speed data is being used

2.5 NOMENCLATURE

AsuirrAmplitude of the surface fluctuations in soil temperature (°C)

AU Astronomical unit (1 AU = 1.496 x 10® km)

CV Total aboveground biomass and residue present on current day (kg ha™)

Eo Eccentricity correction factor of earth (ro/r)?

Ho Extraterrestrial daily irradiation (MJ m?d™)

Hp Net outgoing long-wave radiation (MJ m? d™)

HdaySolar radiation reaching ground on current day of simulation (MJ m2d?)

H. Long-wave radiation (MJ m?d™)

HuxMaximum possible solar radiation (MJ m? d™)

Hnet Net radiation on day (MJ m2 d)

Hr Radiant energy (MJ m?d™)

lrac  Fraction of daily solar radiation falling during specific hour on current day of
simulation

Inr Solar radiation reaching ground during specific hour on current day of simulation
(MIm?2h?

Isc Solar constant (4.921 MJ m?h™)

lo Extraterrestrial daily irradiance incident on a horizontal surface (MJ m? h™)

lon Extraterrestrial daily irradiance incident on a normal surface (MJ m?h™)

SNO  Water content of snow cover on current day (mm H,0)

SW Amount of water in soil profile (mm H,0)

Tohare  Temperature of soil surface with no cover (°C)

TpoL Daylength (h)

Thr Air temperature during hour (°C)
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Tk Mean air temperature in Kelvin (273.15 + °C)
Tmn Minimum air temperature for day (°C)

Tmx Maximum air temperature for day (°C)

Tsoit Soil temperature (°C)

Tsurt  Soil surface temperature (°C)

Tsr Time of sunrise in solar day (h)

Tss Time of sunset in solar day (h)

Twater  Average daily water temperature (°C)

Ta  Average annual soil temperature (°C)
T aair - Average annual air temperature (°C)
T Average air temperature for day (°C)

a Constant in equation used to calculate the cloud cover adjustment factor
a1 Constant in equation used to calculate net emissivity
aa Exponent between 0 and 1 that varies with atmospheric stability and surface
roughness that is used in calculating wind speed at different heights
b Constant in equation used to calculate the cloud cover adjustment factor
by Constant in equation used to calculate net emissivity
bcv weighting factor for impact of ground cover on soil surface temperature
COVsol  Soil cover index for albedo determination
d, Day number of year, 1 on January 1 and 365 on December 31
dd Damping depth (mm)
ddmax  Maximum damping depth (mm)
df Depth factor used in soil temperature calculations
e Vapor pressure (actual) on a given day (kPa)
fag Factor to adjust for cloud cover in net long-wave radiation calculation
h. Canopy height (cm)
hr Hour of day (1-24)
r  Actual earth-sun distance (AU)
ro Mean earth-sun distance, 1 AU
t  Number of hours before (+) or after (-) solar noon
ti  Solar time at the midpoint of the hour i
Uxn Wind speed (m s™) at height z; (cm)
Uz Wind speed (m s™) at height z, (cm)
z  Depth below soil surface (mm)
z; Height of wind speed measurement (cm)
Z, Height of wind speed measurement (cm)
Zot Depth to bottom of soil profile (mm)
zy Height of the wind speed measurement (cm)
zd Ratio of depth in soil to damping depth

o Short-wave reflectance or albedo
oplane  Plant albedo (set at 0.23)
Otsoit SOIl albedo

&  Solar declination (radians)
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Emissivity
Net emittance
Atmospheric emittance
Radiation term for bare soil surface temperature calculation
Vegetative or soil emittance
Lag coefficient that controls influence of previous day’s temperature on current
days temperature
Stefan-Boltzmann constant (4.903 x 10° MJ m? K* d%)
Zenith angle (radians)
Latitude in radians
Soil bulk density (Mg m™)
Scaling factor for impact of soil water on damping depth
Angular velocity of the earth's rotation (0.2618 radians h™)

aompAngular frequency in soil temperature variation
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B3 E ZFERARK

BRI K A K SABER Bl b B BREY WL . BN BRKIRBIK B P | B

KEMZEE, BEDHANTFAEUAEREE,
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3.1 K

BRI BEFI BRREAYEE K, Rday, AIAERMAXHRATHRE

. BMAUBWAFRERASSMNEE  XALIES SWAT BTUNEE.

TEHR , BERATNEKESE , PRALERKHNERE, £E
— RN ERKSEZSHKFNRE , AERELSBE#RE IEHENIE
HETERMOIRE, AR XN TFFERERNERN O FEOEEEKET
£ 10%HY 48X 788 IE 1% (Winter, 1981),

PRk RN BB E R e iR 2SR K — S0 1. Ih RS EE
THOREUERR SRR , TERATNEIE~EHRBREERN, XX,
BEBD TRIFEMSENEIR. Larson and Peck (1974) X I thE L £
BN ETEMRZEBNRENE , 2R 10N 30%E. BMENETE
BEHRIRE , F—REREFEER, W TX—RERMEBCIRERNBA
Tt , URAEXEIRENSE |, BSH Dingman (1994),

T a0 AR I3 (.cod) R YR B A SKIR BIARENFE K BABRY 75 5%, TR
BABBKHBE , ZZTERA 1, BKBREXHNEFZT X4 P FHEREK
10 A 35 5 A %0 H (file.cio) FEN . WMR4RK HEAEIE, PCPSIM BN
2, SWAT HARFERBRKBIENHFENES 4 ENE. SWAT SWAT #F

KRB AZTRBELER 31 H,

Table 3-1: SWAT input variables used in precipitation calculations.
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Variable File

name Definition Name
PCPSIM Precipitation input code: 1-measured, 2-generated .cod

NRGAGE Number of precipitation gage files (.pcp) used (required if PCPSIM = 1) file.cio
NRTOT T(l))tal number of precipitation records used in simulation (required if PCPSIM  file.cio
NRGFIL Number of precipitation records in each .pcp file (required if PCPSIM = 1) file.cio
RFILE Name of measured precipitation input file(s) (.pcp) (required if PCPSIM=1)  file.cio
IRGAGE N;mber of precipitation record used within the subbasin (required if PCPSIM  file.cio

see description of .pcp file in the User’s Manual for input and format requirements if measured
daily precipitation data is being used

-, UG ANV 28

3.3

SWAT FEZAF/PEEARITEIRBERR. &AF/PDEEKA BEXE
BN — MO, aso MRRXRAXRBEBESZKAEKESE , SWAT FEER
BEKBERESAFDEEK, MRRABEREKESE, SWAT XASE 4

BERNANFTETE N as B

KRB

R XA Penman-Monteith B{#& Priestley-Taylor HFRERMGEBREREL |
SWAT EZHIEEHIE. Penman-Monteith FREFAZELRRARAES
ok R EX R EWIERR I, Penman-Monteith F1 Priestley-Taylor & E

SERZOTE (TSURBARTEETE )
DR N 2 SRR RTE SRR TEN LR

R, =— 33.1
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XHF : Ry, NERLBHEXIEE is the relative humidity on a given day, e 1 3EBr
EAE (kPa), e° MFEARE (kPa).
MARSEARANRDZRERSE , N ZEREENEK. SWAT XA

THE& Tetens (1930) # Murray (1967)89 5 & 1T EEFMEISE,

16.78 T a —116.9} 330

e’ =ex —
p|: Ta + 237.3

P e BIIAMMZESEKPY) and T HEFHESE (°C)o HAEXE
EoH , KEFSETUBEIFEIILIUE :
e=R,-¢€° 3.33

WMZAEHLALHAGRE 332 55, WAKTERLHRBRT BT

FR332MHE/E
A= 20%8-e 3.3.4

(-av + 23732
XA . A RENRSEHLZNRE (kPa°Ch), e EHRIBMAMRESTEKP) |

fav ﬂg H SFH _\,/J:I:I:I.(OC)

REANBERERERAENELEE/REAEZEREL, X—£3|

MARRERT :
vpd =e° —e 3.35

RN vpd ARARERF (kPa), e®BHELAMMESE (kPa), e il H3ERR
®AEKPY). vpd WEBAK , BEERRHIR,
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BRBER, 1, AWIREEREST KD FEE , FRHEICASE , Mk

B, RREBERANBENEY , ALLAWMTHEITE (Harrison, 1963) :

A =2501-2.361x102 T a 3.3.6

R 1 RBEREBR MIkg?Y), Ta N BFESECC).

RRGREBEANMERTERRBENZEZR ZEINRER, psychrometric B, 5, &

TMRERBIUTESRRBNERNBCABRANEREE FE , IXATRH

y=—2 3.3.7

A ;¥ 7 psychrometric ¥ (kPa°C™), ¢, NEBEARSE FEEZESME

M (1.013x 10°MI kg™ °C™h), P AARSRE (kPa), ANZELEEHR (MIkgho

psychrometric BB ITEZFEAXSRE. SWAT XA Doorenbos F Pruitt
QTN F RN ARMEKRSRE
P =101.3-0.01152 - EL +0.544 x10°® - EL? 3.3.8

XA P RAREKPa), EL AEE (M)

BANEE AT UMNBA X IZASRERER. MARGEHXHNEE
(.cod) RBREVEXEEBEN S £, WRIFEAMMNEERRE , ZEEERA
1, X T BIE S H9 B 7 R SUAF oh 17 £ 19 B KOIE SR e 12 4 i
(file.cio) AE N . MREMEIEELRIE, RHSIM A 2, SWAT F A%

FERNEEBENTERESE 4ENS,

55



BIE AR KRK

3.4

Table 3-2: SWAT input variables used in relative humidity calculations.

Variable File
name Definition Name
RHD Rp: daily average relative humidity .hmd
TMP_MX Tomx. Maximum temperature for day (°C) mp
TMP_MN Ton: Minimum temperature for day (°C) mp
ELEV EL: elevation (m) .sub
RHSIM Relative humidity input code: 1-measured, 2-generated .cod
NHTOT Nlu)mber of relative humidity records within the .hmd file (required if RHSIM ~ file.cio
RHFILE 1I\;ame of measured relative humidity input file (.hmd) (required if RHSIM = file.cio
IHGAGE sﬁsr?’aerlc))f relative humidity record used within the subbasin (required if ~ file.cio

see description of .hind file in the User’s Manual for input and format requirements if measured
relative humidity data is being used

HEA®

SWAT REFEBTFHREBERBEKI IRIEAR/E, WHRE, T, AX

RoBEAARRE, MRAFHRBERTHRE  BARKFUNANRE | EREKX

HKkHE

%o B

N

WARINEIE e

BEATHNHREREBE. BRPEROAEUREKSBROHRE

B TEREMEM , ME, A4mEd, SHENREFHEHRERN .
SNO = SNO + Ry, — Eg, — SNO,, 3.4.1

SNO NEHMBEHAPHKEE (mm HO), Ry EEBEK (WR

Ta <T._,) (MM H0), Eqp EHARFLEE (mm H,0), SNO, HEMBHEE R

(mmH,0)e MEERTHEBEERE HRU BR LHRE.
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HTFZE8, ERMtFEIFNER , FREPNEHRI TS H, XEH

FRIBAE 5 X i 2 )& BFFAE EEE’J BRITEFRENRE ,U‘; EXEo5ME

o

2

NEREBZTICNRZBERTEN , XESTANRERZAREFR
HHLEENEFENREEBRER, X—XRRANERBRIEBL , ALARILF
RBPREENHBNE AR E HENNFTTHE MR L. (Anderson, 1976).

HRREMEEE—MNREREBRE, SNOwo, MATE N2 E T bt R E
100%E R FiiiEl. MEREFEBTERS B, SHXRRET. KNERHRE., E8E
Migm , FEXRERME—H,

HERREMEETEANE, HAEN

SNO { SNO sNo )
sno,,, = . + exp| cov, —cov, - 3.4.2

"~ SNO,, | SNOy, SNO,,
A : snogy AEIREBER HRU EFL, SNO NELLHEHNKEE (mm H0),
SNO100 N 100%EB EMREREBFE(mm H,0), cov;  cov, NENX LRI R
Bocov; M cov, HBEERNMEHIKRMEE 342 B3 : 95% BEERATN 95%
SNOugo; 50% EHEERAS , B E B SNOoo. 73 BET
ETENEES ) 50% BEERNN MR SNOw 2 A EIRIRFE Lk

9B+ o
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Figure 3-1:10% SNO;o = 50% coverage

Figure 3-2: 30% SNO;q, = 50% COVerage
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MEAW, Eit , R SNOwo B/, ERRFE LN B E IR

BEE SNO1o N, ERMFEMLHNRMEIEEMERNZIE,

Table 3-3: SWAT input variables used in snow cover calculations.

Variable File
name Definition Name
SFTMP Ts: Mean air temperature at which precipitation is equally likely to be .bsn
rain as snow/freezing rain (°C)
SNOCOVMX  SNOyqo: Threshold depth of snow, above which there is 100% cover .bsn
SNO50COV Fraction of SNOCOVMX that provides 50% cover .bsn
SNO_SUB Initial snow water content in subbasin (mm H,0) .sub
SNOEB Initial snow water content in subbasin elevation band (mm H,0) .sub

3.5 S

MEAZSNEHEE, BEER | URAEBZEREZH,

EiTEERNZRE , REFREFEERLE, 3 SWAT ITEREMWE |, &
EMRMEEEIRN 0. ME~EMKE , RIRNE 24 PRABID .

351 SHEE

EHRENN—BNBEFHRENEY , MEEURBEHNEREZ(L
(Anderson, 1976), BI—HEHBENZH ASHEENTN BREREF, 7, ,
#H, BRRFARLEZRTEHEE, SHRE, REENHCERNEHERER
ENEE, HHEMHRENFRER .

Tsnow(in:: Tsnow(in—lj' (_ fsno ) fa" ’ Esno 35.1
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K Toe - NEBATHRE(C), T, NHI—BEERE (C), (,, B

HREIERAT, T. M3 ATLSE (°C). BE /. F 10, %3 APYSE
WEHREN AR, 51— B EHRENEARD .
Bt AR — R | To , W FFREM X — WERAS RN,

352 MEFE

SWAT FMBERR (SHEESRERNTHE  SHEREMEZE)
ML AT

SNO,,, = b, -sno, [% —Tmlt} 3.5.2

XHF: SNOw HEMBMEEE@mMm H0), by NELBHEBMERF (mm
H,O/day-°C), snocy NIREEBE HRU M D, T, NEDBEBNEHEE (°C), Tm
NELBRESIRCC), Tk MEREBRE (°C).
MERFAUEK (BEE ) IG/ME (RE ) 2EFTHTL
_ s + oz ) Covs O ( ., - ? 35.3
2 2

b

i
XA : by NEEBEZEF (mm HyO/day-°C), bois H 6 B 21 BREREF (mm
H,0/day-°C), bz 9 12 A 21 BEE & F(mm H,0/day-°C), d, BHIBE—FHH X
o

ERNHEX K BMERFTFE 14 to 6.9 mm H,O/day-°C ZEZ1t (Huber and

Dickinson, 1988), T mitX , TIL LRBEMRES , BAHE. TAXSFREESE
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(Bengston, 1981; Westerstrom, 1981), 2 HHIALE X F 7 3.0 to 8.0 mm H,O/day-°C

ZE, HMELHNBMENBMERF (Westerstrom, 1984) £ 1.7 to 6.5 mm H,0/day-°C.

Table 3-4: SWAT input variables used in snow melt calculations.

Variable File
name Definition Name
TIMP ? ., : Snow temperature lag factor -bsn
SMTMP Trmie: Threshold temperature for snow melt (°C) bsn
SMFMX bmis: Melt factor on June 21 (mm H,O/day-°C) bsn
SMFMN Pminz: Melt factor on December 21 (mm H,O/day-°C) bsn

3.6 NOMENCLATURE

Esun Amount of sublimation on a given day (mm H,0)

EL Elevation (m)

P Atmospheric pressure (kPa)

Raay  Amount of rainfall on a given day (mm H,0)

Rh Average relative humidity for the day

SNO  Water content of snow cover on current day (mm H,0)
SNO;00 Amount of snow above which there is 100% cover (mm H,0)
SNOpit  Amount of snow melt on a given day (mm H,0)

Tmit Threshold temperature for snow melt (°C)

Tmx Maximum air temperature for day (°C)

Tsr Rain/snow boundary temperature (°C)

Toow  Snow pack temperature on a given day (°C)

T . Average air temperature for day (°C)

bmit  Melt factor for the day (mm H,O/day-°C)

bmis  Melt factor for June 21 (mm H,O/day-°C)

bminz  Melt factor for December 21 (mm H,O/day-°C)

Cp Specific heat of moist air at constant pressure (1.013 x 10° MJ kg™ °C™)
coviSnow cover areal depletion curve shape coefficient
cov,Snow cover areal depletion curve shape coefficient

d, Day number of year, 1 on January 1 and 365 on December 31
e Actual vapor pressure on a given day (kPa)

e’ Saturation vapor pressure on a given day (kPa)

Snogw  Fraction of the HRU area covered by snow

vpd Vapor pressure deficit (kPa)
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s Maximum half-hour rainfall expressed as a fraction of daily rainfall
A Slope of the saturation vapor pressure curve (kPa °C™)

¥ Psychrometric constant (kPa °C™)

A Latent heat of vaporization (MJ kg™)

1 Snow temperature lag factor

sno
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B4 E AR XSERESE

SWAT BRZEZHEK, BENSEEE. KBRS, HEENXE. A
P A LLERE A KRN EIE |, TR IES & B PIORERE K B IR,

SWAT HEEE T WXGEN XS4 2REEL ( Sharple and Williams , 1990 ) 3
BRISKER, LRI B R ERAIER, X—RKSENER L4
EZEFAN. MRAFEEREMHER  FTEHBRARECTUHER

BREAER,

BRRORENENEE, AMREH. MEESEEEX R, it , XSEL
BRE MU MELNE -RNEK , RN ESNRKEEE. AHEBSME

WEE. RENEHRSINTHEL,
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41 [BK

BRAENURARSSRIREE (Nicks , 1974 ) REFREH IR R gEE R

( Williams , 1995 ) £, — M — RSB XREAXRENE—-XETHZERE
Ho HAERER NMFESDIRRERIEHIR REER S ARELEKE,
FA415HT SWAT ARER R KM AZTE,

411 EEATFHHRE
ER— KBGO THEREN —RXETAREE , RA—RDRX4E
K¥E. 38 HE LN —KEAKES 0.1mm,
HFE—1 A, AFEEHAEN—Ki- 1LEANERT , E—Ki
A58 B AEME | PI(W/W), AR —Ki - LWEBMERT , B—KiNE
HEOTTHENE | PI(W/D). ARIBX AN TTHEME | T LLHENT -

POMW 31-P @MW _ 411
RQ/D31-RE/D. 412
Ko PIDMW)HER —Ki - LIEBMIERT R~ Kin T AR A4

£ ; Pi(D/D) REB—XRi-1LATHMERT , E—XiN T A TN,
ATEME—-RATFHSER SWATH %~4%—0.0-1.0Z [AIKIBEHL

B, X—BENHET-E A TEEMPI(W/W) 2 Pi(W/D)LEE ., MREVHET

KENTT-EATREY , X—RBEENEBWRENHZAT T-EEA5E

B, X—REEXLRATH



EA4E FIE  KREREE
412 BEKE
BRSEES HEBARERE KBNS . SWATEM T FHAE
B RAREIERD .

A2 % =2 Nicks ( 1974 ) EF Fiering ( 1967 ) £ FARE LN B R 257

3
(SNDday — Ginon )(g)+1 1
| 6 6

g mon

413

A Rday N E—RHEKE (mmH.0) , [mon}ix B H# B9k
KE (mmH,0) , dmonkiZ A AEKEMIRES = |, SNDday i E—XKE#R
HERRE , gmonix A ARRKNRSRE.

KRN EESREXRATAITE :

SND,,, =c0s€.283-rnd, J,/-2In€nd, 414
XA rndl M rnd2390.0-1.02 (A A BEHL R

BROAALMEARS DN —HERER. BRI AEENEA
BRY , ARERKRIDIXBRRAR . EHD MR BREKHLAN -

Rday = Hmon - ( In (ndl )XP 415
K Rday N E—KHEKE (mmH.0) , ([monkiZ A HH B

KE (mmH,0) , rnd150.0-1.0Z B BYBENLEL , rexpR1.0-2.0093E%, FEE
rexpfVB K , —FEFRERKEHELERELEN. EXENTEMHXHNK
N RRPFZEELINELDE RS AFE,
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Table 4-1: SWAT input variables that pertain to generation of precipitation.

Variable File
name Definition Name
PCPSIM Precipitation input code: 1-measured, 2-generated .cod
PR_W(1,mon) Pi(W/D): probability of a wet day following a dry day in month .wgn
PR_W(2,mon) Pi(W/W): probability of a wet day following a wet day in month wgn
IDIST Rainfall distribution code: 0-skewed, 1-exponential .cod
REXP rexp: value of exponent (required if IDIST = 1) .cod
PCPMM(mon)  average amount of precipitation falling in month (mm H,0) wgn
PCPD(mon) average number of days of precipitation in month wgn

(#mon = PCPMM / PCPD)
PCPSTD(mon) ;... standard deviation for daily precipitation in month (mm H,0) wgn

PCPSKW(mon)  gnon: Skew coefficient for daily precipitation in month wgn

42 KEEH & BE

Ak A &ERE. KIKBEMAPEES (Richardson, 1981; Richardson and

Wright, 1984) KI5 2R E T Matalas(1967) X R SFFia T ERITEMN,

421 HRE

BHEE. BERENARESWEEESENENEENHA. BEE
SRFAAMAER | FEAMESMBELEE, THRENARY
7G> Ay, €)Bs 421

R A0 58K« 1000ERE | HPWTES : BERENBE (j=1) |
BERENRE (j=2) , MARESOREE (=3) ; 410D ngEixs <1

FRESERE ;S R3x LMVKERE |, IR AVREA SR AR ; ARIBR3 x SMSERE



B4E R RRERSR
HA# TR E LA LAERT 75 E A RIABXMDEX R K ANBERFHE T

& :
A=M,-M," 422
B-B'=M,-M,-M,"-M,’ 423
H  EAR-1IRTERBENE | LIRTRREENEE. MAMIENAR :
1 Po (2) Po €
My=|p, ) 1  p,€3 424
Po (3) Po (13) 1
P (1) P1 (2) 1 [ €
M; =|p (,1) P (72) 1 €3 4.2.5
P 61) 1 62) P €3

Pl RER—REEjMKk ZBEOMEXRLE , EPjHWREN : 1 (( ZSE
E)  2(REBE)H3(ABEESH) ; oA EXEFFE - RNEZEK
Z B MR R

Richardson ( 1982 ) RA20F WS B APHESNHKE , BE TEE3ILFD
i XX R, RE\EXERBBFEHEE , MeRIMA

1.000 0.633 0.186
M, =

0.633 1.000 -0.193 426
0.186 —0.193 1.000
0.621 0.445 0.087
M, =|0.563 0.674 -0.100 427
0.015 -0.091 0.251
BIESTE422F4.2.3 , AFIBERER :
0.253 0.504 —0.050 428

0.567 0.086 —0.002
A=
—-0.006 -0.039 0.244
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0.781 0 0

0.328 0.637 0
0.238 -0.341 0.873

B =

1242842950 E L WAFIBIERE | BEAR42IBKEEATUERERSE.

RIEBEMAPEHZER B FI,

4.2.2 EHME

meBE. RERENMAMRBESNARERELSRLI2IPHEERARS AR

ant

EREME , A5AVFEREMMNMSE.

TmX = HMXon + Xi ()}rnxmon 4.2.10
Tmn = HMN o, + X ()mnmon 4211
Hday = /“lradmon + X ()Tadmon 4212

R TXABRERE (°C) , uxon N ARBBEFHE (°C) , n()H
ERE-REERERE  Smxmon N ZANB&REBREERZE (°C) , Tmn
NBRIRRE (°C) , umnpmon N ARIEBRETFIFE (°C) , QN EXE —X&
RRERZE , Smnmon iz A BRIEBENFHESZE (°C) , Hday)y B AP
BHMIM-2) , yR)YNEE—RAPEHFIZLE |, sradmony iz A #Y B AFHESY
AR EMI M),

AFEERARESNSEEENAERZ. N TAMBHIAESZ , 7

URRARREMPEECENUARGEZANRELZE

H,, —wurad
orad, ., = w 4.2.13
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AP : Sradmon R iZ A B ARSI AREMI m?) , Hmx F A SLBIA

AR K B AFREST(MI m?) , Sradmon Fi% A& B ¥ APAEST.

4.2.3 X FEHEXMBAX SR Y HE

BERENAREHESZEBERATEABRBERAK. ATZETF/EEXNGES
BEMAMBHNE M EHE42.10M42. 200 FY B KSEE pmxmon ,

MFH B AFAES , pradmon , FFEFET/E B #HTHE,

4231 &EEBRE
EEMAENERTHSIARENBESBEZANFEEA
RERBRREX

px - daysg = @Wmx - days,, + 4Dmx - days,, 4.2.14

XA SmxmonAZAFEHAZESRE (°C) , daystot RZAK
RE , uWmxmon RiZAFEBHMNFIEHHAKRERE (°C) ,dayswet 7
ZAEBAMXRE , uDmxmon RZAFTFHHFEHHEZERE (°C) ,
daysdry NiZHATF BB XE.

XERIR JEAFERERERE —EMN 2 (umxmon - pmnmon)

BEFFEHEESESRE :
/uwmxmon = /UDmeon - bT ' memon - /umnmon: 4.215

A pWmxmon 3% A HEHW T HHERE( °C ) uDmxmon
NZAFTHHNFHIAREEBE (°C) ,bT A—"NRERX , 4
EHEKEETEKFEIENEEEREE,. pmxmon HixAFHTAH
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EmaE (°C) , umnmon RZAFHHKEERE (°C) . ESWAT

B, REFEZRLTIZEHNO0.5
RNTHETHEERSERE , F1E42.14F42. 158K I KR E S

Dmxmon

LDMX_ = umx -+ dayswet €mx,, —umn 4216
tof

FEENBHERAFTTEL2.10 , SWATHUATRITEZANTE

EaaE
me = /uwmxmon + Zi (}mxmon 4217
me = :quXmon + Zi ())Tnxmon 4.2.18

4.2.3.2 KPRES
EEMARNEETHREAAENARESN 5 ZANTESH
X FH L 5% Bk E i) x
prood o gy Y, Fd s aaDdy, Fd g 284219

XA : pradmon FHix BB AFREST(MI m?) , daystot Hi%
AMRER , yWradmon Fi%Z A #E B A FH B AKBESH M m?),
dayswet NiZAERAKIRE , daysdry HiZA T HH R,

XERR ,CEBFHAHBEHARE-—ENSBETTAFEIR
=8E : uWrad _ =b,-uDrad 4.2.20

XA : pWradmon FiZ AR BN FEHEARERE (MIm?),

uDradmon RiZAFFHMNFH A AMRAEHMIM?) , bR F—PMRE



BAE FRE RRELESE

R3=  ZEHEBEKNELEKASIENEERHREE, ASWATH ,

RERZEDR &H10.5,

ATHETBEFEISEERE , 5184.2.19742208k I RE Sy

Dradmon -

,urad mon daystot

uDrad_ , = 4221

by - days,, +days,,

FHEENHERAFTELI2.12 , SWATHLUATRITEEAMT

HAPRES :
Hday = ,UWl’ad mon T Xi {)Ofadmon 4.2.22
Hday = uDrad,,, + 7 {)Gfadmon 4.2.23

Table 4-2: SWAT input variables that pertain to generation of temperature and solar radiation.

Variable name File
Definition Name
TMPSIM Temperature input code: 1-measured, 2-generated .cod
SLRSIM Solar radiation input code: 1-measured, 2-generated .cod
TMPMX(mon) HMXmon: AVerage maximum air temperature for month (°C) wgn
TMPSTDMX(mon)  omxqon: Standard deviation for maximum air temperature in month (°C)  .wgn
TMPMN(mon) LMNyon: Average minimum air temperature for month (°C) wgn
TMPSTDMN(mMON)  omnye,: Standard deviation for minimum air temperature in month (°C)  .wgn
SOLARAV(mon) uradnen: average daily solar radiation for month (MJ m™) wgn
PCPD(mon) daysyet: average number of days of precipitation in month .wgn

4.3 HXNEE

3 32 A Penman-Monteith F 526 SWAT AR EEANEERIERITEBER

HEk. AP EENTEREAFGREN=AFE s HRITE.
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43.1 BES9HEMNEE

N EEEXNERE —AEBRE FTEFRKRESEMKSEZL

R = Smon 431

hmon 0
mon

I A : Rhmon RiZ A FEEXEE |, emon Hix A FHERE TEBR

KSE( KPa) , e, NiZAFTRE THBAMKSE ( KPa) . HMFIKS

v » FAFERBAEK

43.2

16.78- utmp, . —116.9}

emon =exp
{ (mp, . +237.3

Rep ;o0 NiLAPERETMAASE ( KPa) , aMpuon %5

FIRE (°C) . ZAFHRENITEETARSSENMARKEKSEN TS
BHRE.

BEANEXGRKSESRMKSEMENERE. it , FER

BETAFREII2BHRAEYERE |, RERASRETRITER -

4.3.3

16.78- udew_ . 116.9}

emon = eXp
{ udew,  +237.3

RN emon N AFEBETHRFRKSE ( KPa) , udewnon W B

FHERLBRE (°C) o
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432 BEIEONER
RXAZARSHREKBENEEFTE4NAA A THENEE
EARMATHESHENEE , EARMATHNZ N MEXEE , — 1M E
0.0-1.0Z [ KV BE AL 2K
EeENEER R=AKIHH LR REAFOENEEITE !
Riumon = Rimon + €= Rimon XD on =1 434
R : RhUmon R#E A NFTBEE R & & BAEXEE , Rhmon
AFIGHEXNEE,
SEMENEEERE R=ZAEI AN TR AREA FOEXNEEITE
Ritron = Rumon * €= €XP€ Ry 4.3.5
I H : RhLmon NE A WATREE M &K B EXEE , Rhmon 9
AFIGHENEE,
ZAESHRXATERNSEP —NRERBHENEEE,

R hLmon Ind QhUmon - RhLmon DGhmon - RhLmon js 4.3.6

If rndls(;hmn‘w] then

hUmon — “hLmon

R hLmon Ind QhUmon - I:ehLmon )thcn - RhLmon jS 4.3.6
If rnd, > (M] then
hUmon — “hLmon
0.5
R hUmon QhUmon - hmon #:RhUmon (_ rndl } RhLmon (_ rndl? 437
RhUmon - Rhmon
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XA (Rh FUHENBFEEXEE ,mdl AEEIF—MTER

4 REIBEYLEL , Rhmon 71Z B F9XEE , Rhbmon R1E B WFTEE4E R AY

KB MEXEE , RhUmon AR APEEE ARV &S B AN EE.

433 N THEXMAXERHE

NTEERTI/EBNEUMENEENEE , BFEOEXNEE AR
BT/ EB#HTRE,

EEMAENERTHSCERRARNAFOENEESEZAN
FY HEXNEERRER

Rimon * d2YSir = Riwmon * d@YSyer + Ripmon - daYSy,, 4.3.8

A : Rhmon Rz A FHEHEINEE | daystot RiZAHKRE
dayswet iZ BB BHIKRE , daysdry HiZBA T HMXE , RhWmon RiZA
ST A F9MEXEE |, RhDmon X% A T8 B FHEMEXEE |

XERIR JEBPEANERERE -—EN2HET T B FE8EN

Rthon = Rthon + bH ’ (_ Rthon _ 4.3.9

A : RhWmon HiZ B8 B FHEEXEE , RnDmon R iZ A T8
HESGHETEE , bH A— 1 RERZE , BHERBKELETLRAKSIEN

AN EEEHEE, ESWATH , REEZEDR 1&1H0.9,

RATHETFHFYUBENEE , FIE43.8F439BKIREHB

RhDmon :
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-1
Rthon = (Rhmon — bH . %j . [10 — bH . %j 4.3.10

d aystot d ays’(ot

ARBCEB ST HERHNEM | £5143.4 M43.7F , SWAT

EEARHBTXEA Rhmon Hi#RhWmon £ T B %4 T X A RhDmonE it

RhWmon,

Table 4-3: SWAT input variables that pertain to generation of relative humidity.

Variable name File
Definition Name
RHSIM Relative humidity input code: 1-measured, 2-generated .cod
TMPMN(mon) LMNyons AVerage minimum air temperature for month (°C) wgn
TMPMX(mon) HMXmon: AVerage maximum air temperature for month (°C) wgn
DEWPT(mon) 1dew,,on: average dew point temperature for month (°C) wgn
PCPD(mon) daysyet: average number of days of precipitation in month wgn

44 BR¥EDPHERE

SWAT EERA¥/IREEXRITERRIEE, HERMARNBBKER &

R PIEREREA FHRREPIBRKBEN=ATX S HXRITE, SFHRE

MFEER, 2 B RRAF /AT R B AR R AE Ko

441 ABAR¥riERE

NTFE—1MA  AFREEBIMNBERABANRAFNIERE  XERE

AR ERRME A ZRRFDatEEKRD B,

EES—NASK¥/IEEAkTSHzE , BEUTE="ANEERFER

R¥/DEtfEKE -

R _ I:\)0.5x(mon—l) + RO.E:x(mon) + R0.5x(mon+l) 4 4 1
0.5sm(mon) 3 s
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A : RO.5sm(mon) REE A BB EHHRAE/DETEEK (mm H0) , RO.5x

NETE R BB R/ EKRE(MmM H20), BEFBRAENTEKRE , K
RUEARKFPEBEATHBRATRUE :

I:QO.SSm(mon) 4.4.2

. "”(O'SJ
yrs - days,,

Closmon = @ljys,, +| 1—€XP

XA :a0.5mon RNEE A B FIIF/NEtFEKDE ,adjosa NIFEREF ,R0.55m
NEEABFEBEHHZRRE/NIIEK , umon HEEE A 14 F 15 B EEAKE(mm
H20) , yrs 79 FRIRELA ¥ /MeSBE R IREBIRENF L , dayswet HEER B
BE B RE, BERFAVFAFBEX ¥/ DNathEk D BB RIEEREL,

442 BBBEBNER
RAZARSHRERARAFEDNERDBEEINEA A FGE PR
KO, EARMAFNERSHE/DEEKRSEH , AN AFRN SN FENDET
BEKDE , —NE0.0-1.0Z RIKIBEALEL,

BRA¥NNEARSE , I=AEI BN LR, RIEARFEITE !

Qysy =1- EXF{ R_ 12:-)5] 4.4.3

day
AN a0.5U NESEAFBEERNZRRE P DE , Rday RERBERDN
FRKE,

RDENPEBADE , S=ZAESHH TR , a0.5L, 1%790.02083,

ZARSHRATERNARP —NREKBZRFDETEXD .
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If rnd, S(Mj then

Qosy — Agsi

Qos = Qg + Indl : 60.5u — 5 )QO.Smon — s js 444

If rnd, >(MJ then

Cosu — o5

05
ayq, Cd; Yo, € rnd
Qs = Kygy 60 50~ @o.5mon i: o ! } Lt l? 445

@osy ~ Xo5mon

X 100.5 NEERKFEPEKRDTE ,0a0.5mon NEEE B G FIGFEAHE /DT
kD E , mdl AREAZ-MIEAERBBENR , a0.5L AEREB AR
BEE R R/NFPEDE , a05U AERE HFBEERKI R RF /DN TH

Table 4-4: SWAT input variables that pertain to generation of maximum half-hour rainfall.

Variable name File
Definition Name
RAINHHMX(mon)  Rg5s,: extreme half-hour rainfall for month (mm H,0) .wgn
APM adjos,: peak rate adjustment factor bsn
PCPMM(mon) average amount of precipitation falling in month (mm H,0) wgn
PCPD(mon) daysyet: average number of days of precipitation in month wgn
(ttmon = PCPMM / PCPD)
RAIN_YRS yrs: number of years of data used to obtain values for RAINHHMX wgn
PRECIPITATION Raay: @amount of rain falling on a given day (mm H,0) .pcp

45 RIE

4 X APenman-Monteith R SWAT AR EEXEHFERITERERE XK.

AP ORENITERFEEEER I M AERITE

Lo = vnd,_ - € In €nd, JF 45.1
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Table 4-5: SWAT input variables that pertain to generation of wind speed.

Variable name File
Definition Name

WNDSIM Wind speed input code: 1-measured, 2-generated .cod

WNDAV(mon) 1wndpon: Average wind speed in month (m/s) .wgn

4.6 NOMENCLATURE

A 3 x 3 matrix of elements defined to ensure serial and cross correlation of
generated temperature and radiation values A=M,-M,"
B 3 x 3 matrix of elements defined to ensure serial and cross correlation of

generated temperature and radiation values B-B" =M, -M,-M,"-M,’

Haay  Solar radiation reaching ground on current day of simulation (MJ m2d?)

Hux  Maximum possible solar radiation (MJ m? d™)

Mo 3 x 3 matrix of correlation coefficients between maximum temperature, minimum
temperature and solar radiation on same day

M; 3 x 3 matrix of correlation coefficients between maximum temperature, minimum
temperature and solar radiation on consecutive days

Pi(D/D) Probability of a dry day on day i given a dry day on day i — 1

Pi(D/W) Probability of a dry day on day i given a wet day on day i — 1

Pi(W/D) Probability of a wet day on day i given a dry day on day i — 1

P;(W/W) Probability of a wet day on day i given a wet day on day i —1

Rossm  Smoothed maximum half-hour rainfall for a given month (mm H,0)

Rosx  Extreme maximum half-hour rainfall for the specified month (mm H,0)

Raay  Amount of rainfall on a given day (mm H0O)

Rh Average relative humidity for the day

Rhomon Average relative humidity of the month on dry days

Rhimon Smallest relative humidity value that can be generated on a given day in the
month

Rhumon Largest relative humidity value that can be generated on a given day in the month

Rhwmon Average relative humidity for the month on wet days

Rhmon Average relative humidity for the month

SNDgay Standard normal deviate for the day

Tmn  Minimum air temperature for day (°C)
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Tmx  Maximum air temperature for day (°C)

adjos, Peak rate adjustment factor

bu Scaling factor that controls the degree of deviation in relative humidity caused by
the presence or absence of precipitation

br Scaling factor that controls the degree of deviation in solar radiation caused by the
presence or absence of precipitation

bt Scaling factor that controls the degree of deviation in temperature caused by the
presence or absence of precipitation

dayseqry  Number of dry days in the month

daysw: Total number of days in the month

dayswet Number of wet days in the month

emon Actual vapor pressure at the mean monthly temperature (kPa)

e’ Saturation vapor pressure at the mean monthly temperature (kPa)

gmon Skew coefficient for daily precipitation in the month

rexp  Exponent for exponential precipitation distribution

rnd;Random number between 0.0 and 1.0

rnd,Random number between 0.0 and 1.0

yrs Number of years of rainfall data used to obtain values for monthly extreme
half-hour rainfalls

s Maximum half-hour rainfall expressed as a fraction of daily rainfall

s Smallest half-hour rainfall fraction that can be generated on a given day

osmon Average maximum half-hour rainfall fraction for the month

opsy  Largest half-hour rainfall fraction that can be generated on a given day

& 3 x 1 matrix of independent random components

omon  Standard deviation of daily rainfall (mm H,0O) for the month

omMmnmen  Standard deviation for daily minimum temperature during the month (°C)

oMXmon  Standard deviation for daily maximum temperature during the month (°C)

oradmon  Standard deviation for daily solar radiation during the month (MJ m™)

(),K) Correlation coefficient between variables j and k on the same day where j and k
may be set to 1 (maximum temperature), 2 (minimum temperature) or 3 (solar
radiation)

(j,k) Correlation coefficient between variable j and k with variable k lagged one day
with respect to variable j

UmonMean daily rainfall (mm H;O) for the month

1uDmxmon Average daily maximum temperature of the month on dry days (°C)

uDradmen  Average daily solar radiation of the month on dry days (MJ m™)

HWmxmonAverage daily maximum temperature of the month on wet days (°C)

LWradmen Average daily solar radiation of the month on wet days (MJ m™)

udewmon Average dew point temperature for the month (°C)

HMnmon  Average daily minimum temperature for the month (°C)

HMXmon  Average daily maximum temperature for the month (°C)

uradmon Average daily solar radiation for the month (MJ m?)

Ltmpmon Mean air temperature for the month (°C)
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1WNndmon Average wind speed for the month (m s™)

tom  Mean wind speed for the day at height of 10 meters (m s™)

() 3 x 1 matrix for day i whose elements are residuals of maximum temperature (j =
1), minimum temperature (j = 2) and solar radiation (j = 3),
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51 BEF

WERER RANEEFREENAR, NERMEX EANRENWE

SWAT A EBN FREFENRZ TAEBH  HARAERTEZEEE M
NEESEEERTERZERBRITETASEFNR KNS NREE
E. MFrEK:

~ plaps

e >0.015.1.1
%%~ 1000

Roma = Raay + €Lpma — EL when R

day
X H :Rband H & EH Y FEKE(mm H,0) ,Rday 97 35 32 E FRAE LUE (mm
H,0) , ELband L &M E(m) , ELgage N WIE=FE(m) , plapsh &

KBFZE (mm HO/km) , 10008 EBEMAKMEIE F., X TFERE :

~tlaps
me,band = me + el—band - ELgage /'m 5.1.2
~tlaps
Tmn,band :Tmn + eI—band - ELgage /m >13
fav,band = -Fav + eLband - ELgage :% 514

XH : Tmx,band HERFTHRAEKEMm H0) , Tmn,bandH SEH K&
NEEAKE(MM H0) |, Tavvers I BFEH I B FIREE (°C ) , Tmx F SN
EREMZFEZHESE (°C) , Tmn

M NEREUREASE (°C) , To FAUEZNERELFHES
& (°C) , ELband {UEEFHNFHEEE(m) , ELgage N ML FHE M) , tlaps

NSBEMZE (°C /km) , 1000 EmB kmiy B F
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BEATRITE :
b
Rday = ZRband o 5.1.5
bnd =1
b
TmX = Zme,band ' frbnd 5.1.6
bnd=1
b
Tmﬂ = ZTmn,band ’ frbnd 5.1.7
bnd=1
_ b _
Ta = ZTa"vba”d * g 5.1.8

bnd =1

XNH : Rday NERMFERRBESH B FGREK(mm H0) , Tmx AEEH
FRERARENAZEERE (°C) , TmnhZRHFERZFAREHN ARKIKE
E(C), ToHEZEMFRAZRAREHFEHIASE (°C) , Rband AERE
wond AAEIREKE(mm H,0) ,Tmx,band HEREHbnd RNHES HSKIE( °C),
Tmn,band A EREHbnd AWHKEBSE (°C) |, Tame AHSEHbnd A
HFHBESE(C) ,frond N ESEFANER S FREEROIH b K
FRENSETRE.

EE-IMEETAELNEESRENRR, AELNMEL. SRKNS
BEE-—H  EALNAREEE - IEBTRBENG , TRITEFREF

H{E,
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Table 5-1: SWAT input variables that pertain to orographic effects.

Input
Variable Name  Definition File
ELEVB ELpang: Elevation at center of the elevation band (m) .sub
ELEVB_FR frong: Fraction of subbasin area within the elevation band. .sub
WELEV ELgage: Elevation of recording gage whose data is used to calculate .wgn
values in .wgn file (m)
ELEVATION ELgage: Elevation of precipitation recording gage (m) .pcp
ELEVATION ELgage: Elevation of temperature recording gage (m) tmp
PLAPS plaps: Precipitation @3 (mm H,O/km) -Sub
TLAPS tlaps: Temperature %3 (°C/km) -Sub
PRECIPITATION  Rgy,,: Daily precipitation (mm H,0) .pcp
MAX TEMP Tox: Daily maximum temperature (°C) mp
MIN TEMP Toun: Daily minimum temperature (°C) mp

52 SEZEL

RRBACXI AR BLAN IR —NEEMRIUT. SWAT A USSR R A A

HE (K, EXUEE, MR, BERBRIRSEUSH ) REVSRE
te —MAZWITERNFENSERABEMN—NMIRRE T

SWAT AYAFBE - N FREPARREK, SR, AMEES. BEXCEEN
RS, TRk, SR, AMARS. HNEENERREEMN

adj,,
Ry = Raay -(1+ Tg’j 5.2.1

A : Rday N —KFHIBEKE(mm H,0) , adjpcp NEKZFILE D,
Tox = T +@djyy, 5.2.2

XA Tmx REHESSE (°C) , aditmpAREZEL (°C) .

86



Ton = Ton + @y 5.2.3
XA Tmn FAKESE (°C) |, adjtmpA=EBZEW (°C)
Taw = Tav +adjy, 5.2.4
K To HAFHSE (°C) | aditmpI REAL (°C ) .
Hay = Hgay +adj 5.2.5
A Hday HBAAPAEST (°C) , adjrad FAPAEHZENL (MIm-2dh),
R, =R, +adj, 5.2.6
XA :Rh RBAMEIEE (°C) , adjhmd RMEFEEZTLSD B
SWAT A RAEMEN AT, EE-S{CiaEM , YWEF HE M,
HYEKTE, ER-SEEKENENZEKENN SEFEETENMEL
B, YL —FmELEmat , 49X Penman-Monteith SR it

=
HRAERBAR . X—FEELRBERRER - SLHBITBERBRNIE,

Table 5-2: SWAT input variables that pertain to climate change.

Input
. L File
Variable Name  Definition
RFINC(mon) adjpep: % change in rainfall for month .sub
TMPINC(mon) adjimp: increase or decrease in temperature for month (°C) .sub

RADINC(mon)  adj.q: increase or decrease in solar radiation reaching earth’s .sub
surface for month (MJ m)

HUMINC(mon)  adjnmg: increase or decrease in relative humidity for month .sub
CcOo2 CO,: carbon dioxide level in subbasin (ppmv) .sub
IPET Potential evapotranspiration method .cod

5.3 NOMENCLATURE

CO,Concentration of carbon dioxide in the atmosphere (ppmv)
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ELpana Mean elevation in the elevation band (m)

ElLgage Elevation at the precipitation, temperature, or weather generator data recording
gage (m)

Haay Solar radiation reaching ground on current day of simulation (MJ m? d™)

Rpand  Precipitation falling in the elevation band (mm H,0)

Raay  Amount of rainfall on a given day (mm H;0O)

Rh Average relative humidity for the day

Tmn Minimum air temperature for day (°C)

Tmnbanda  Minimum daily temperature in the elevation band (°C)

Tmx Maximum air temperature for day (°C)

Tmxpanda  Maximum daily temperature in the elevation band (°C)

T a Mean air temperature for day (°C)
Taband  Mean daily temperature in the elevation band (°C)

adjnmg Change in relative humidity expressed as a fraction
adjpep % change in rainfall

adjras  Change in radiation (MJ m? d™)

adjimp Change in temperature (°C)

frong Fraction of subbasin area within the elevation band

plaps  Precipitation 3#E&H3E (mm H,0/km)
tlaps  Temperature EHZE (°C/km)
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6.1 FEHE:SCS BRI E

SCSHENZLWER | £1950sTF 1 A, ER20ZSFRERIREAMRER - BR

RRAEME R, XML ENHARANETE LR AN ERBGITTRRERMT
% —#yE R ( Rallison and Miller, 1981).
SCSERMLEAZERN (SCS, 1972)

2
Gday - Ia/
(zday - Ia+S,

XH Qsurf HERFFRES 2 (mm H,0) Rday HFEiKKIBEKE(mmH,0) la K

6.1.1

qurf =

P, B3 RBEK, BEHNFRAM TE(mmH0) , S AFESE(mm H0),
BESHABTLHAA, 18X EEERNFENTEZEZLY  BTLES
KEWTBERBEE. FERBENR :

1000 )
6.1.2

S=25. 4(— -10
CN

RF : CN AELIBR L. ¥, la, EEMGITRN02S , AL HFTE6.11FTNR :

€., -0257
@, +0.8S

LRday > la RIERAE. HE6.LINWN FAREMEHBNEFEHENLESG-1,

Qui = 6.1.3
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Figure 6-1: Relationship of runoff to rainfall in SCS curve number method.

6.1.1 SCS CURVE NUMBER
SCS MH&BN TETBEE 0. Lo I MAETH L33k o K48
B WTRESRA I THRBENMERIIERG6-1L. 6263, R

EREN L BEF T HERA ( SCS Engineering Division, 1986 ) o X

EEERTRERN 5% &M,

Table 6-1: Runoff curve numbers for cultivated agricultural lands

Cover
Hydrologic Soil Group
Hydrologic
Land Use Treatment or practice condition A B C D
Fallow Bare soil ---- 77 86 91 94
Crop residue cover” Poor 76 85 90 93
Good 74 83 88 90
Row crops Straight row Poor 72 81 88 91
Good 67 78 85 89

* Crop residue cover applies only if residue is on at least 5% of the surface throughout the year.
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Straight row w/ residue Poor 71 80 87 90
Good 64 75 82 85
Contoured Poor 70 79 84 88
Good 65 75 82 86
Contoured w/ residue Poor 69 78 83 87
Good 64 74 81 85
Contoured & terraced Poor 66 74 80 82
Good 62 71 78 81
Contoured & terraced w/ residue Poor 65 73 79 81
Good 61 70 77 80
Small grains Straight row Poor 65 76 84 88
Good 63 75 83 87
Straight row w/ residue Poor 64 75 83 86
Table 6-1, cont.: Runoff curve numbers for cultivated agricultural lands
Cover
Hydrologic Soil Group
Hydrologic
Land Use Treatment or practice condition A B C D
Good 60 72 80 84
Contoured Poor 63 74 82 85
Good 61 73 81 84
Contoured w/ residue Poor 62 73 81 84
Good 60 72 80 83
Contoured & terraced Poor 61 72 79 82
Good 59 70 78 81
Contoured & terraced w/ residue Poor 60 71 78 81
Good 58 69 77 80
Close-seeded or Straight row Poor 66 77 85 89
broadcast legumes or Good 58 72 81 85
rotation Contoured Poor 64 75 83 85
Good 55 69 78 83
Contoured & terraced Poor 63 73 80 83
Good 51 67 76 80
Table 6-2: Runoff curve numbers for other agricultural lands
Cover
Hydrologic Soil Group
Hydrologic
Cover Type condition A B C D
Pasture, grassland, or range—continuous forage for grazing® Poor 68 79 86 89
Fair 49 69 79 84
Good 39 61 74 80
Meadow—continuous grass, protected from grazing and generally mowed forhay - --- 30 58 71 78
Brush—brush-weed-grass mixture with brush the major element® Poor 48 67 77 83
Fair 35 56 70 77
Good 30 48 65 73
Woods—grass combination (orchard or tree farm) Poor 57 73 82 86
Fair 43 65 76 82
Good 32 58 72 79
Woods’ Poor 45 66 77 83
Fair 36 60 73 79
Good 30 55 70 77
Farmsteads—buildings, lanes, driveways, and surrounding lots. ---- 59 74 82 86
® Poor: < 50% ground cover or heavily grazed with no mulch; Fair: 50 to 75% ground cover and not heavily grazed; Good: >

75% ground cover and lightly or only occasionally grazed

< 50% ground cover; Fair: 50 to 75% ground cover; Good:
" Poor: Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning;
burned, and some forest litter covers the soil; Good: Woods are protected from grazing, and litter and brush adequately cover the

¢ Poor:

soil.
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Table 6-3: Runoff curve numbers for urban areas

B 7E R AKX

§

Cover
Hydrologic Soil Group
Hydrologic Average %
Cover Type condition imperviousarea A B C D
Fully developed urban areas
Open spaces (lawns, parks, golf courses, cemeteries, etc.)’  Poor 68 79 86 89
Fair 49 69 79 84
Good 39 61 74 80
Impervious areas:

Paved parking lots, roofs, driveways, etc. (excl. ~---- 98 98 98 98
right-of-way)

Paved streets and roads; open ditches (incl. right-of-way) ---- 83 89 92 93
Gravel streets and roads (including right-of-way) ---- 76 85 89 91
Dirt streets and roads (including right-of way) .- 72 82 87 89

Table 6-3, continued: Runoff curve number for urban areas
Cover
Hydrologic Soil Group
Hydrologic Average %
Cover Type condition impervious area A B C D
Urban districts:
Commercial and business 85% 89 92 94 95
Industrial 2% 81 88 91 93

Residential Districts by average lot size:

1/8 acre (0.05 ha) or less (town houses) 65% 77 85 90 92
1/4 acre (0.10 ha) 38% 61 75 83 87
1/3 acre (0.13 ha) 30% 57 72 81 86
1/2 acre (0.20 ha) 25% 54 70 80 85
1 acre (0.40 ha) 20% 51 68 79 84
2 acres (0.81 ha) 12% 46 65 77 82

Developing urban areas:

Newly graded areas (pervious areas only, no vegetation) 77 86 91 94

6.1.1.1 +3EKXA

ZEBARRRIFBE (NRCS ) RETEBR/ENLES NEANE,

NRSCS T3EFELH (1996 ) EXKXARN  FHLUERNBEEXHET
BEEMEFREONN—HTE, PR REDNNTEREANZNER
+ (%L ) KNERERNSNTEERENER, XELEFES

& BEETT K, BAKDESEAREEKENRE, 15

8 SWAT will automatically adjust curve numbers for impervious areas when IURBAN and URBLU are defined in the .hru file. Curve
numbers from Table 6-3 should not be used in this instance.

f Poor: grass cover <50%; Fair: grass cover 50 to 75%; Good: grass cover > 75%
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TS HEAE : A, B, CHID, HEARENERRHEA : AD.
B/D 1 C/D, FBXEMENLS N
A (EFREED), TRABETEEE  BEEXSTANHRT.
EEHERN . AR FHDRRERAR, KMERERR,
B: EXLEENHRT  LREEPETEREE, TBHPERER
BOR , AR R ERRF LA , P EEAN D SERR 0 L,
KEREERE,
C: EXSBENERT  LREARI THEE, BEEEMEILA
HATEINLRE , DERREANEAR G TREAR. KR
BEC N

D: (&FREED ). TEEXTERERAHTHTBRRRD, TEH

at

EAEEKENELTAR , EAKAKVNLE  EiRNITHRE
BHIENLIRE, KEMERRE,

N F AT AT 0 kY R LR TE R W LA M ERE M K XA KK
To B—NFRERREHK , BEANFZRRTEHK. AFEREKH
WD ARE D WEHERBFNERE BF D PAETEELER

HKXA,
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6.1.1.2 57 HA 38 B &4
SCS EMT=#FHEERHE: |-FRE(AZEI) ,II- (FEE
E) ,#M-E8(HEEKE ), BBERHG I NHEBRE. EE

FEITHNNEHERATAATRITE

CN, =CN, — 20- €0-CN, ) - 6.1.4
€00 - CN, +exp }.533-0.0636- €00 -CN, )
CN, =CN, -exp §.00673- €00 -CN, 6.1.5

I H :CN1 RIBBERAFIA ML , CN2 NIEBERAIR L E |, CN3
FIREF AN K, |
BFESHELTEImEKENTLERBETRITE

s=5_ |1~ SW 6.1.6
PW + exp@, —w, - SW

R SHATEKENEESH (mm) , Smax AEFESH RN

BARE(mm) , SWHLIEIEEKEREAZEIEKE(MmH0) ,
WIFIW2 AR BZ . RREFESHE , Smax , BRIFEFTE6.1.2FCN1

FRRBEE R AEFE6.16 , RiX :
1) EBARFIMEABNEESHERER RS KEETN ,
2)REFMHINBEBNFESHERRFKET RS KEAXNL ,

3) LIIMEMLEII N (S=254) , HELMEHAT,
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w, =In L_l—FC +w,-FC 6.1.7
1-S;- S,
(In[FC_l— FC}—In{ SAT - —SATD
W = 1-S;-S, 1-254-S 6.18
2 GAT -FC ) .

XA wl AE-RRH, w2 REZRRE , FCHERBFK
BN HEZHEEKE(Mm H0) , S3 JEEARGINMLBNEES
¥, Smax FREARMIMEBMNFESH , SAT
NETEBAN R TIRHE S KE(mm H0) , 25470 TIE &K
NN FESH
HRINGFLIH  FESURATAELE

S, =S...- |-exp€0.000862 -S _ 6.1.9

XA Sfrz AXNFLRARBEHNFESH (mm) , SHXRA6.1L61T
ENAESKENIFTESH (mm) , Smax NEFESHATRENEAE
(mm),

BELESKEFENBHABEBRTIEER 6.1.2 ARAMAN
EAZRHNFESHRE

25400
€ +254

A CN AR BV &, S AR BAFRHNEFEESH

CN 6.1.10
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6.1.1.3 KEFE
RPFTREAETEARSE | ALBEH N 5%HEREM,. Williams
(1995 ) AR T THHAERHGNTERRERR LN
CNZS:cl\ls_%j'l—zexp(la%-slp}CNz 6.1.11
XA 1 CN2s FIREFEGREBERMFINMEE , CN3 HERIASWIRE
HUEERANIBEE CN2 RERIAS%IR E R EERAFIE&LE slp I
FREBOBKE. WRAFFERABRMEAKAVRERL , ARE

i A LB B EE X2 BT # AT,

Table 6-1: SWAT input variables that pertain to surface runoff calculated with the SCS curve
number method.

Input
. . File
Variable Name  Definition
IEVENT Rainfall, runoff, routing option. .cod
PRECIPITATION  Rg,,: Daily precipitation (mm H,0O) .pcp
CN2 CN,: Moisture condition Il curve number .mgt
CNOP CN,: Moisture condition Il curve number .mgt
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6.2 B E : GREEN & AMPT Fi&&

GREEN & AMPT FREBEMRKZFESZSRAKD KM T E

(Green &

Ampt, 1911), FRERRIETEIEAEIN AT LESKEN T2 HESIE
B, FEEKTSHALE  BHEHRIEEEUENTETSHEMN , E21EL
EKESR

BRI, BE6-2 HGreen & AmptT LAY T IE K D BERERZL
EEREIRAIXT o

0 Moisture Contenf —=

0 Moisture Content — =
Saturated Zone
iy oy
= =
b = Saturated Zone
Transmission Zone
Wetting Zong i Wetting Front
91 l Wetting Front 91
- i

Actual Infiltration Green & Ampt Infiltration

Figure 6-2: Comparison of moisture content distribution modeled by Green &
Ampt and a typical observed distribution.

Mein and Larson (1973) JF & 7 —f A ERKMEEX A Green & Ampt 5T T
BB IKETE, Green-Ampt Mein-Larson B2 REFESI AN SWAT & {ER
Bl REBERNERS . X

—FEREAF M ARBRENT BEEKEK
=

Green-Ampt Mein-Larson T2 EE LR :
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6.2.1

inf t

XA finf AR TIBERE (mm/hr) , Ke AEBOKDESFEmm/hr) |, Pwf
FBIEEESE(mm ) ,Aov FBEFIN T ERHRSKENTL( mm/mm ),
Finf 9B ZItR I T & (mm H.0).

LHiEKBENTTBERN , BUNBNAENEKTES , BRTBE
o

Fo o =F

inf t-

inft = 1+ Ry 6.2.2

XA CFinft AAENERITE(mm H0) ,Finft-1 344 E R ER A ET — A

BRI T B (mm H,0) , RAt 4R TERT ERIHY FE 7K & (mm H,0)o.
MARE62IEMN T EERRN T SENEY , M FNEEXRIKEH—

MR TSRENER. H TEEKNROBESR finf AR, /dtRkE

w, AEHRDR

F

inf t

Fi o + W - A,
:Finf,t—1+Ke'At+lPWf -A@V-ll’l '

For s+ Wy - A,
FRR62IMVEBEETIHBRERNEERBRRTEE Finft, . XEXA
TEZBRER,

Green-AmMptE K N 1E SRS Ke 1T RIBRKDESRKsat By —
3 (Bouwer, 1969), Nearing etal. (1996) FF& 7T —1NAR , HERKIESE
EFEENKDESENMMEBNEBRITE. X-—FREZRT T HBRHF
g, HAXR
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T 1+0.051- exp(oez CN j

XA Ke AERKIESR(mm/hr) KsatH K H4EFFR(mm/hr) ,CN K

:ES 2
RIEEER Ywi AZEER DT ES ML E D A EE(Rawls and

Brakensiek, 1985) :

¥, =10-exp §.5300 — 7.32561 - ¢

soil

+0.001583-m_* +3.809479 - ¢, +
0.000344 - m, - m_ —0.049837 -m, - ¢, +0.001608 -m° - ¢, > +
0.001602 -m_* - 4, > —0.0000136 - m.* - m, —0.003479 -m.* - 4, —
0.000799 -m.’ - b, 6.25

XA Osoi HEEZEEE (mm/mm) , mc RELTBEDE , ms ARE
ko
NFE— N, SWATITE#H A THEA K, ZRB TS A LEHKT

R RER

Table 6-2: SWAT input variables that pertain to Green & Ampt infiltration calculations.

Input

Variable Name Definition File
IEVENT Rainfall, runoff, routing option. .cod
IDT Length of time step (min): At=IDT/60 .cod
PRECIPITATION R, Precipitation during time step (mm H,0) -pcp
SOL_K Ksat: Saturated hydraulic conductivity of first layer (mm/hr) .sol

CN2 CN: Moisture condition Il curve number .mgt
CNOP CN: Moisture condition Il curve number .mgt
SOL_BD oy Moist bulk density (Mg/m®): ¢yi=1 - py / 2.65 sol

CLAY m: % clay content .sol
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SAND ms. % sand content .sol

6.3 FmE{E

BREENEIEREHEINERAERRER, BRIEEREHERREL

HIERR , ARTIMK R Ak, SWATRABENSEHARRITERRIEE,
EEMAREEAR, SMEMRKEHRENRITHRRA Z. 88BM%S
BETXHE—IMRIE  URFRIE=0FH , A EBRYE K BRES—EEMN

EUégA%IJILijZE*RWHg/EEEU II:EI I:I H-J-HIJt tCOﬂCO IE’IEEEDE?Q

C-i-Area
qpeak = 36 6.3.1

XA :gpeak AERFRIEE (Ms?) ,C ARRERE ,i AT (mmihr) , Area

ﬁ%;;miiﬁ ( km2 ) , 3.6?9 $1ﬁ$§ﬁ®¥o

6.3.1 SCHETE

SCReEANEREEFRIBNFREERAOREIEEO, HREN
SORETE Y — AN FREPBIZH — OORE E QR EtE . SCRETE25E
WEDCREE (N FREPFIEZEN — LCRESTEFTE T E ) A& et
B ( M LEFmER E OrEetE ) -

toe =1, +1, 6.3.2

conc oV

A : tconc AFRIBOCHRESE (hr) |, tov FKEDCHRETE (hr) , tch 7

SAESCRESE (hr) o
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6.3.1.1 3KECFRATE

WEDCRESE |, tov, AIARATRITE :

L
t, =—— 6.3.3
3600 v,

XA Lslp RFREKE (m) , vov FKERZEmM s?) , 36007 &
R EF,
FERETARIGSEARBEIMESRS , BESTLORITE :

- 0.3
Jo -SIP
VOV = OVT 6.3.4

KA gqov WFEMEBEEFREMsY) , slp R FRFBEEYEEMm?Y) , n
RAFREETHEER. RIZFIIRIENG635 mm/hr , FEREL( -

0.4 0.3
v, - 0.005- Lr?g.e -slp 635
H#E6.35K 633, 5 :
06 06
" = lf;’Tprlg 6.3.6
Table 6-3: Values of Manning’s roughness coefficient, n, for overland flow (Engman, 1983).
Characteristics of Land Surface Median  Range
Fallow, no residue 0.010 0.008-0.012
Conventional tillage, no residue 0.090 0.060-0.120
Conventional tillage, residue 0.190 0.160-0.220
Chisel plow, no residue 0.090 0.060-0.120
Chisel plow, residue 0.130 0.100-0.160
Fall disking, residue 0.400 0.300-0.500
No till, no residue 0.070 0.040-0.100
No till, 0.5-1 t/ha residue 0.120 0.070-0.170
No till, 2-9 t/ha residue 0.300 0.170-0.470
Rangeland, 20% cover 0.600
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Short grass prairie 0.150 0.100-0.200

Dense grass 0.240 0.170-0.300

Bermudagrass 0.410 0.300-0.480
SO

TETREE |, o, TARATHIH :

ty, =—— 6.3.7

RNH Lc A FREAFIMEKREE(Km) , ve JFAERIEmM
s, 3.6/ EMMEILE T,
FITEARKERATRUEHE !
L =L L, 638

AF L ARZEL|EFREE AOASTERE (km) ,Leen R FREHE O

BAEMEEE (km)o fRi%Lcen =5.0 , MIFIPAEKREKENRN -
L. =0.71-L 6.3.9

RIGTE RN 2:1MILEK |, 10:1NKER - REt , RAST AT LU

B GRE
0.25 0.375
- 0.489 - qd;] - slp, 6.3.10

XA :ve FEETEERmM s , qch FEETEFRE M s™) , slpch
FMEREmM m?) , nJUTES THERER., BRTIOTEREN
B RAmmbr, RATEHHAN :

d, - Area
3.6

Qe = 6.3.11
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XA o), APEAERE (mm/hr) |, Area AFHRBER (km?)
36 NBMERE T, FENERESEMNERRRE (2 REA =
lha)

O =0y - €00 Area J° 6.3.12
XA g FEMREIRRE (mm/hr) |, Area I FRBER (k m?) ,

1008 B R A F, RIREMFRENG35 mm/hr , HF57E6.3.11
#16.3.124X A6.3.10 , 15 :

0.317- Area®® .slp, **"

.= o 6.3.13
Fffangcheng6.3.9716.3.131 X A6.3.7 , 1§ :
. 062-L-n°

fon = Area®® .slp, °%"° .

XA tch FAECHAEE (hr) , L FABRBHRZARIFEEA
FAERERE (km) , nJAESTHRERI , Areca I FRIEEAR

(km?) , slpch FATERE M m™),

Table 6-4: Values of Manning’s roughness coefficient, n, for channel flow (Chow, 1959).

Characteristics of Channel Median  Range

Excavated or dredged

Earth, straight and uniform 0.025 0.016-0.033

Earth, winding and sluggish 0.035 0.023-0.050

Not maintained, weeds and brush 0.075 0.040-0.140
Natural streams

Few trees, stones or brush 0.050 0.025-0.065

Heavy timber and brush 0.100 0.050-0.150

! Chow (1959) has a very extensive list of Manning’s roughness coefficients. These
values represent only a small portion of those he lists in his book.

104



B 7E R AKX

BRFE6I6MEIUFN—LERREBSALARZ BREGEALR
B R EERE A FRETUAHRNARNER.HT 12636

eI VUETKIEERE K HGLRAHEETSE,

6.3.2 BRARK

BREABANARE | i Area , SIEEERE , gpeak , WEEE. X—RBF TR
EHNBRRE4ERTE , IURXRATRITE -

qurf
R

C:

6.3.15
day

R Qsurf HREFR(mm H0) , Rday FiZ BB E(mm H,0).

6.3.3 &

MENELRNANNTFEERE ETX—EX , TURATHITERRE

. R
i= ti 6.3.16

XA i IR mm/hr ) ,Rtc RTESCTRETE RHY R E (mm H0) ,tconc
FRECFRBTE (hr) o

XfHershfield (1961) =89 B 77 Bt SRR BE R R R o TR 8A |, 7850
R BN RRES24 - I ERRERLLES)

Re = ¢ Ry 6.3.17

XF : Rtc RECHNEANNEREEmMM H0) , atc HEBREEFEEEL
TRETEI A L |, Rday 7 B BERIE (mm H,0),
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NFEANER , £HRARB2EREREDCRNEA |, FFatc T
1.0, HREMBAEHING24 =i) , ATLEHatc WHR/NME. X—F/METU

B LR SR I A S TE6.3.17HEKKRE -

Qe min = th = .I 'tconc = tconc 6.3.18
m TR i, -24 24

day

Hit , atc #Etconc/24 F1.0Z[El,
SWATRELR B AR EREFENSEAKF PINEREEANNERESH
R RER 7 BRVBRBORMEIT
o, =1—exp bty -INC-rys 6.3.19

AN 005 ARA¥EPEBRREENNRRES ABREN S, tconc 7

FRFORETE (hr) o EWEAQSHFEZEEIMIERAMNA.

634 BENEEMLE

AXRGERREBENESENSEMESE , B RHFE 6.3.15, 6.3.16 1 6.3.17
KA 6.3.1 F35R%E :

q. = o - Qg - Area 6320
peak — ..
3.6-t

conc

N : gpeak ABRFIEEM® s, atc WEABRFEPXEELRNAANNL
Bl , Qsurf J i RAZFR(mm H,0) , tconc - FFRESCHETE (hr) |, Area H

FRISER (km?) |, 3.6 NBEMEREA T,

Table 6-5: SWAT input variables that pertain to peak rate calculations.

Input
File
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Variable Name Definition

DA KM Area of the watershed (km?) .bsn
HRU_FR Fraction of total watershed area contained in HRU hru
SLSUBBSN Lgp: Average slope length (m) hru
SLOPE slp: Average slope steepness (m/m) hru
OV_N n: Manning’s “n” value for overland flow hru
CH_L(2) L: Longest tributary channel length in subbasin (km) .sub
CH_S(1) slpch: Average slope of tributary channels (m/m) .sub
CH_N(1) n: Manning’s “n” value for tributary channels .sub

6.4 HFREBTMEER

EANFRES , HORNEED 1 Xet , RE -5 i RERIEEME,

SWAT ZE 7 Xt REBERWSH | ER—PoitREFHATME, — 8B

TESIMRER , #FATTENHRBREFTESLSE -

' ~ —surla
qurf = qurf +Qstor,i—1 /(1_exp|:—gi|j 6.4.1

conc

AP : Qsurf NFEAELL B #E A FWERY I REFR(mm H0) , QL NELLBF
£ R RZBFRE (MM Hy0) |, Quoris N Bl — RIF M TRIER B 1t KA (mm H,0) ,

surlag #bRBRIEB R |, tconc I FRBUCTHKETE (hr) o

572 6.4.1 qﬂﬂgi%ﬁﬁ[l—exp{ﬂ}]ﬁﬁi—%qﬂ B A BB R

HAEERNE D, B 6-3)CH T AR surlag M teone EFTX A ZRIER
=8
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fraction of surface runoff storage reaching stream

time of concentration (hours)

Figure 6-3: Influence of surlag and t,,. on fraction of surface runoff released.

EEE , WFAEMORNME |, surlag BN TRSHEFE#ERBTHKER

ne #REFRAVIER A ARATERRIS LB

Table 6-6: SWAT input variables that pertain to surface runoff lag calculations.

Input
. A File
Variable Name Definition
SURLAG surlag: surface runoff lag coefficient .bsn

i R 2P

ETZTE, ¥TERBEFEEESMTR , R T KERTERR (Lane,
1982), XTI , MBS IR K | B G T EPEE 3L, SCS
KX F MY E19ZE (Lane, 1983) —FpE BB B ARABRM AN S £, X—F
ERNMAEZRERMAR - HRBE\ENER , HRIEBRRRKFLRA

*hE o
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ZRMBMANTANEREN

0 VOlog, i < VOL,
VOlogys ¢ = 6.5.1
a, +b, ‘voIqurf f voIqurf i >voly,

XA cvolQsurff NERBMBMAGEHNFTNERREM) ,ax AR FEHILAE
AWHGT BRI EIFEEM®) |, bx AR FEILMT AWK ENEEFIE
volQsurf,l AZERBINKHTMEREM) , volthr AR FEALME R

WE’J/TLE’J@@/)lLE(m) RERENRN :

a
—= 6.5.2

VOIthr == b

X

MENEREERRERN

-1 —b, Woly,,, +b, Q. 653
qpeak,f 6600 durf I ( x)v Qsurf i ' ™x qpeak,l

lw _

P :gpeak,f N ERABRKENERIEEMYs) durflw FAFRFTE( hr) ,
ax AN FEALME R WHSTENEFEE ) , bx IXFFEILMEAW
FSTE R AR | volQsurf,l REBBMBHRARHTNERE’) , gpeak,|
NERBBRANEHRIEEMYs). AFRARRATRIE :

Q. - Area
dur,, =— 6.5.4

3.6- qpeak

R durflw i AKFRFES (hr) |, Qsurf R i#bREZF(mm H,0) , gpeak HER

IEEm®s™") , Area RFREEIR (km?) , 3.6 W BMEREF,
ATHEFREKEMTETENRESH , FEENLEMTENS .

BACAERKL=1km , BW = 1m#E, BADTENSHEATRITE
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Ken 'durﬂw
k, =-2.22-In|1-2.6466 - ———— 6.5.5
VOIqurf i
a, =-0.2258- K, -dury, 6.5.6
b, =exp J0.4905 -k, 6.5.7

XA kr REBEFMkm?) |, ar REACTENEIREIEM® , br HE¥EN
STENEPARER | Keh ABERREHNERESER (mm/r) |, durflw JK
FFEt (hr) , volQsurf,i
NANBEREMY) , BEASHEN :

b, =expfk, -L-W_ 6.5.8

a
a, =——— (b, 6.5.9

(_br)
KA ax AN FEAILMTAWESTER EFEEM®) , bx A FEALHM

RAWHSTENEAME | kr IEEEFm™' km™?) , LA FRISTE R &
ZRESAHOMER (km) , WHFEIHERE (m) ,ar HELSTERNE
BEEE (M) , br RBEACTEN EARE,

R ERN MBI/ KBRS TEABKE,

Table 6-7: SWAT input variables that pertain to transmission loss calculations.

Input

. N File
Variable Name Definition
DA_KM Avrea of the watershed (km?) .bsn
HRU_FR Fraction of total watershed area contained in HRU .hru
CH_K(1) Ken: effective hydraulic conductivity (mm/hr) .sub
CH_W(1) W: average width of tributary channel (m) .sub
CH_L(1) L: Longest tributary channel length in subbasin (km) .sub
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6.6 NOMENCLATURE

Area  Subbasin area (km?)

C Runoff coefficient in peak runoff rate calculation

CN Curve number

CN; Moisture condition | curve number

CN_zMoisture condition Il curve number

CNys  Moisture condition Il curve number adjusted for slope

CNsMoisture condition I11 curve number

Fine Cumulative infiltration at time t (mm H,0)

FC Water content of soil profile at field capacity (mm H,0)

la Initial abstractions which includes surface storage, interception and infiltration
prior to runoff (mm H,0)

Ken  Effective hydraulic conductivity of the channel alluvium (mm/hr)

Ke Effective hydraulic conductivity (mm/hr)

Ksar  Saturated hydraulic conductivity (mm/hr)

L Channel length from the most distant point to the subbasin outlet (km)

Lc Average flow channel length for the subbasin (km)

Len  Distance along the channel to the subbasin centroid (km)

Lap  Subbasin slope length (m)

Qstor  Surface runoff stored or lagged (mm H,0)

Qsut  Accumulated runoff or rainfall excess (mm H,0)

Rx  Amount of rain falling during the time step (mm H,0)

Raay Amount of rainfall on a given day (mm H0O)

R Amount of rain falling during the time of concentration (mm H,0)

S Retention parameter in SCS curve number equation (mm)

S; Retention parameter for the moisture condition 111 curve number

Str; Retention parameter adjusted for frozen conditions (mm)

Smax Maximum value the retention parameter can achieve on any given day (mm)

SAT Amount of water in the soil profile when completely saturated (mm H,0),

SW Amount of water in soil profile (mm H,0)

W  Average width of flow, i.e. channel width (m)

ar Unit channel regression intercept (m°)
ax Regression intercept for a channel of length L and width W (m®)
by Unit channel regression slope

bx Regression slope for a channel of length L and width W
durqy  Duration of flow (hr)

finr Infiltration rate (mm/hr)

i Rainfall intensity (mm/hr)

k. Decay factor (m™ km™)

m. Percent clay content

ms Percent sand content

n  Manning’s roughness coefficient for the subbasin or channel
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gy Unit source area flow rate (mm hr?)
gen Average channel flow rate (m®s™)
d,, Average channel flow rate (mm hrt)
Jov Average overland flow rate (m*s™)

cIpeak
(peakf
cIpeak,i

Peak runoff rate (m3/s)
Peak rate after transmission losses (m®/s)
Peak rate before accounting for transmission losses (m*/s)

slp Average slope of the subbasin (% or m/m)

slpcn

Average channel slope (m m™)

surlag Surface runoff lag coefficient

t., Time of concentration for channel flow (hr)

tconc TIme of concentration for a subbasin (hr)

tov Time of concentration for overland flow (hr)

Ve Average channel velocity (m s™)

Vou Overland flow velocity (m s™)

VOlgsurts  Volume of runoff after transmission losses (m?)

VOlgsurti  VVolume of runoff prior to transmission losses (m®)

voly:  Threshold volume for a channel of length L and width W (m?®)

w; Shape coefficient in retention parameter adjustments for soil moisture content
w, Shape coefficient in retention parameter adjustments for soil moisture content

o s Fraction of daily rain falling in the half-hour highest intensity rainfall,
oie Fraction of daily rainfall that occurs during the time of concentration
dsoil Porosity of the soil (mm/mm)

Yt Wetting front matric potential (mm)

&

6.7

Volumetric moisture content (mm/mm)
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B 7 E FEREAK

ZHER—INEBAMNME SR TESHRRE KD BN KZSHRETE
B, BFEYBRER. BR. AENIRER,.

KHARKDBETRARGEHEEZNS, Mt KBI62% M BEKBZER. FEAE
D RBABRERMN ST A KBl , ZBEI &R ( Dingman, 1994),

BAERBNEENTHAXRIANEENKE, N TRBEEBGITTN T KGR

KT, SEMNLHFAR LR+ EEN.
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71 BEER

BEERAIUAXNTE, REBERMERRKEMEEZNE, BERKNEE,

BREBZUURLRENRMED , AFE-BoEREERT. BEEXNXL
SRENZE , BRTHERESZRENERRENES
HUEBRERNT , SCS MLBENERERSSIVMX—Bah. MiRE

Rt IFEMREAN=RAN TE, RGITSEESHN 200 (AEE ),
%X A Greenand Ampt T2 540 , SENERREBEXFLMITE,

SWAT AIAREHHREXREEBREAETEFHE !

LA
™ LAl

mx

7.1.1

XA : canda FERL AR ARBEFMHE(mmH20) , canmx AYBERD KB
WERAEEFHEE(mMm H20) , LAl FEDBHEIRER , LAImx NEHZ K
HEREE.

EEMA-RNERSHALER , BRI EH , BEEREEREFH,

RINT(f) = RINT(i) + R(;ay M Ry,=0

da y
hY 74
Y Rl <cang, —Ryrq 712

Rinr (1) = Cang, A Riy = Riy ‘anday Rinr iy

Y Rl >cang, —Ryq 713
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XA RINT(i) NELLABEFMAAE EHKEMm H20) , RINT(f) FERL

A BRI MR E R Emm H20) | N 2 R R R 2 4 8 FE ok & (mm
H20) , Rday J#&#l B 23kt EAYFEKE(mm H20) |, canday H B &R K EEF#

E(mm H20),

Table 7-1: SWAT input variables used in canopy storage calculations.

Variable File
name Definition Name
CANMX canm,: maximum canopy storage .hru

7.2 BERBE

BIERBUR ( PET ) & #=H Thornthwaite (1948)1E 1 S & 2 K AEZE

B D TSI AMBEE, HENL PET H : E—MNIGEE T EKERH XS ,
EERD THADHAH BTN RRAFEBINHRLET , RBRNER,
ENFHMAERZFEHERFENFEEE |, Penman (1956)E{t PET #i:&
h o EeERKER. EEHI8E  FEAMHKRINEZEDHBRKE.
Penman XA EER NS REY , BRERIVHITAE (Jensen, et al., 1990)%

WEE 30-50cm R ERAIREE NG E.

BRI BRZFEMERB LR, HP=H5 AE T SWAT H :
Penman-Monteith 3% (Monteith, 1965; Allen, 1986; Allen et al., 1989) ,

Priestley-Taylor 7% (Priestley and Taylor, 1972) and the Hargreaves &
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(Hargreaves et al., 1985), SWAT B Al BASEA AP RAREMA ZITENRBL
=18

SWAT FEZEEBNX=MGEZERRMNMA. Penman-Monteith £
EXRAES. B, EXEERMNIE, Priestley-Taylor ZFEARES. K

BAMEXEE. Hargreaves S EREESE,

7.2.1 PENMAN-MONTEITH 3%

Penman-Monteith FREER T XBEREKFIENEE , BEBRAKZRSH
HIMEED | =R HFMERMMPEI. Penman-Monteith TR ARA :

_ A'('net _G}pair'cp' I?_ezzra
A+7/'(+rc/ra)

AE 7.2.1

X AE AERBEFEMIm-2d-1) ,E AREELREREREmMmd-1) ,
A REHKEE - BEMLFZE  de/dT (kPa°C-1) ,Hnet 7 %% 5(MJIm-2
d-1) , G HRAEEFREMIm-2d-1) , pai AESHE(kgm-3), cp HEE
EBTHERAMI kg-1°C-1) , & EBE 2 MERMATERP) |y JRERK
(kPa °C-1) , rc NiEHBEREFI(s m-1) , ra RESKEVEFER ( ZR3HEF
FE# ) (s m-1)o

N FHKRIFOER ERPERSREET  MIRFESIEHHE

Penman-Monteith 532 A LB (Jensen et al., 1990) :
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JE. = A'(|r1et _G)J/Kl (-622'/1'[)61"/'3)‘?_322"61 7.2.2
' A+vy-+r/r, ) -

XA A ARRERMI ko) , EEARKREER(mm dY) , KL 7 ARKRIE
RERFHHMIENEEHEREVMHRERBGIF uzinms-1, K1 =8.64
x10% , P A KRSE(KPa).

ARES  Hnet, NITE  EE_EHR#HIT T MR BRER , 0, HBAK
FE - REBENE A CRERR v, UAREMN, ZERKAE , SRS
WIEEE=FEFHTTNE. FEENNTM N T EREE , G, E5W,

K10.622xp/P , Z=ZS3h hEPEH , ra , MBEZEPEH |, reo

7211 TIERBEE
B BN T EAFEIBRAIURK , EREFEAEAZENE
LB, BN ELFFHN DEREUER EDE R E R, B
ARLEYBEZHTIEEL - ORBHN LBERBETMRD , X—%

LA A EREB P ZRE, SWATRIRHLELE , G, 70,

7.2.1.2 =R AMEHR
NFERMBSEHMNZSEAHMERN , ra, TUATHIHE :
r — In KN_d)omEn kp _dzzov_

: k?u,

R zw ARENENSE (cm) , zp HXNEEMNKENENSE

7.2.3

(ecm) ,d AKGEZEEKFEMLE (cm ) |, zom A ELEHERE
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KE (cm) , zov KESEBWHEEEKE (cm) , k Fvon KarmanE
B}, uz hEEEwW LHRIEM s,

von KarmanEHEERPUNNREZENEL , ©HET0.36-0.43BHE
M ( Jensenetal., 1990)e SWATH{RIZRH 70.41,

Brutsaert (1975) #E T REEHESH , 20 , GHEEERFHEISE (hc)
BX , Bhiz, = 3eH#&8.15, XHe NEANM, EFX—XRK , 3
B LB AR E I BT

z,,=h/8.15=0.123-h,  h, <200cm 724

z,, =0.058- € ¥ h, > 200cm 7.25
RAF : FHEREESE (hc) BWEMHA cm,
HEABENEARKESEIEREKBIERA DR, XEERINTRE
MKZFRHERREZE , Rt REFKRSERNVERKEN S
BEBH— N, Stricker and Brutsaert (1978) 2 RA TR EEE
FAEWMEREKE

z. =01z 7.2.6

ov

MBS E KA T EH X R & E (Monteith, 1981; Plate,

om

1971) :
d=2/3-h, 7.2.7

RENESE , 2w, BEFNBEENESE , zp, BRI®H170cm,
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7.2.1.3 BEMEHR
MRKARKEIHNSRENVEERERNTUES FE —H &K
E PR 1R A 17258 2 H E 18 245 El (Jensen et. al, 1990) :

r,=r,/ Q5 LAl 7.2.8

c

KA rc ARERFGEMY), "HE-—HERNERSAERE MY,
LAIA B EH ERER.

TEEHEEHFNSASHTE. BE  SAFEITHHEER
HAHWERAMTRE. REHFE-—EAESANERAXN
hypostomatous , £ I A S 7L B 48 4 )3 26 9 amphistomatous. B
B ASABRRNBEEEZERELRE (EH ) MTRE (=28 ) S
FLBE 471 (Rosenburg, et al., 1983), X EREM FRESALLKE FTET

BRSABEHATMEEDR -

(R
r( — /—ad (—ab 729

r(—ab + r-éfad

R AR—HAERPIERSLBERGE m?), Tw TR/ E
SRABEHRE MY, r A HESAERGE M. X F

amphistomatoustt Fr , BRSAPEHRR -

¥t Fhypostomatous™ v, BRSABERR :
r( = r-é—ad = r(’,—ab 7.211

M RESRELHH AR
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1
9, =— 7.2.12

T,
XA g ABRKERHEESEMs). YEEERXRIIHAES
RPHEET , 5IE7.28%R :
r,.=q5-g, LAl ) 7.2.13

XA :rc ABEBRRG MY, g ABKERHEESEmM ™), LA
HEEHERER.
NFSERETEL , TS ERRBEH KRR -E{CHREZLAIR
Ud, Morison (1987)JT4R T —S|LBOREE xS £ S RN,
Morison & 3 — &t #R E1£330H1660 ppmvet , —ELBoR EBIE T
BLEM A2 S RERI0%. EX—REEE , ASRVBRERLMEN
(Morison and Gifford , 1983), Easterling et al. (1992)Z i XA TRk
SEM SR, U S BORE TN R BRI IE

Jico, =9, - §4-0.4-€O,/330 ; 7.2.14
R 0 0,00, IRMZEBERNHHFESEmM s ™), CO2 K
ZEALBORE (ppmv ) o

FiX—1EIES| AR SE7.2.8 :

-1
rr=r -] Q5-LAI . 1.4—0.4-COZ 7.2.15
=1, €

330
SWAT BHAZSELHRESR 330 ppmv , MRAFEEMALREN

. EX—BRARET (1.4_0.4.23%)%%4@9 10, BEBHE

7 7.2.80
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HUHHEIGREBERN , SRERNEESEURRERIESZE
M % S EH9F 0 (Stockle et al, 1992), X F—MEHRE | HSE
SEREENS , BT R ESRIBNRSES ZT R TR E,
FEAHFESER

gk = g,f,mx ’ l_ Ag}‘dc, (pd _Vpdthr:_ if Vpd > Vpdthr 7.2.16

9, = 9, m if vpd <vpd,, 7.217
RH g, RE—HAEESEmMsY), 9, NE—HAFBERESEMmS
N, A ARAESEEM—24 , HAESENTREEmM s*
kPa™l) , vpd R EAES ZE(kPa) , vpdthr 8 & RES 22 S {E (kPa). K
RERNMEZRSETZEXINNSAASE  ZRESZEMN—%

v, HEESROTEERTLUREFE? 21663

N ~ (— fl'-g,mx :
gz,dcl - (pdfr — Vpdthr _

7.2.18

R AQ, o ARAESEEM— 8y, HARSENTRERmM ™
kPal) , frgmx RERSES Zvpdfr THENHEESELEREASA
RS RPN D vpdthr HESES ZHE(KPa). X FFIE R fEHFPE |

ZAETZHERKRNLO.

72.1.4EEM
T m st HBEMRKIE , Jensen et al. (1990)B At TFx RKitE

K10.6224p/P :
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K,-0.622-1-p/P =1710-6.85-T a 7.2.19

R TIHEBEZES KL , Penman-Monteith FRXEHNE—SR
EYIR#E, SWAT XA 40cm eNERRER , HARIESRBREYHR/N

M AR 100 (smh)., BEFEX—BESE , HE 723 #@{tR :

114,

) 7.2.20
u

z

HHEEAANSEEEHERER.SREYHHERERRA
Allenetal. (1989)FF KW FRERITE , HERIZ LAl N EBEESENEE.
NFRBEREN , SEBE 3Icm WEREBNE :

LAl =15-Inq, )14 7.2.21

RAF : LAl AHERER , hc ABEEE (cm) . NTERSE
N 40cm BWERRETE , HERERN 41, XRAX—BE , SEMEHRS
RRER

r. = 49/[1.4 -04. €O, J 7.2.22

¢ 330

HUPRARBS K ITERBEHNFEE IR  Penman-Monteith
FRIUTENGENIEH, XABTFESECREERRBAERTHASRE
H SWAT At RAX—FZERITERBEAN. B2, AFXAB
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7.2.2 PRIESTLEY-TAYLOR 3t

PRIESTLEY-TAYLOR ( 1972 ) FF R 7 —ME LKV & SR £ 3R 8 R 15
Mo HIRFRDEBERN , MR TZRZHEM , MEETFRA—NRE
apet = 1.28,

AE, = atyy A g.-G 7.2.23
A+y -

XA A HERBEEZREMIm?dY , Ec ARXREEZEmmd?) , apet 1
R A RMEAKEE - BEMLRE de/dT (kPa°Cl) vy HEEFEHR(KPa
°C1) , Hnet A ABEHMImM?dY) , G thRABEBREMIm2dY),
PRIESTLEY-TAYLOR HRERHE T EBNRFMH THEBRERRRNE E.
E¥TEHTRHX EEFHENXNRIREE , ZHE2EEBERBL

7.2.3 HARGREAVES 3%

HARGREAVES & &) 2 AR #&8 4 H R 48 JE I Davis it X & /% i /R 3 Bl i &
B2 1T B AR HE B HY (Hargreaves |, 1975), H#1T T —LEak# (Hargreaves and
Samani, 1982 and 1985), SWATHE Z /h jj F B9 75 7% &K R £ 1985 £F (Hargreaves et
al., 1985) :

JE, =0.0023 - H, - &, — T F - € +17.8 7.2.24
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XA L RHEREBEEZREM m?dY), B REXREEEmm dh), HO A

WABES(MIm?dY) , Tmx FELBHRBE (°C) , Tmn FENBHREE

E(°C) , ToRELAFIFEE (°C),

Table 7-2: SWAT input variables used in potential evapotranspiration calculations summarized in

this section.
Variable File
name Definition Name
IPET Potential evapotranspiration method .cod
WND_SP u,: Daily wind speed (m/s) .wnd
Cco2 CO,: Carbon dioxide concentration (ppmv) .sub
MAXTEMP  T..: Daily maximum temperature (°C) mp
MIN TEMP  T,,: Daily minimum temperature (°C) tmp
GSl 0, my : Maximum leaf conductance (ms™) crop.dat
FRGMAX frgmc Fraction of maximum leaf conductance achieved at the vapor crop.dat

pressure deficit specified by vpds,

VPDFR vpds: Vapor pressure deficit corresponding to value given for frynm, crop.dat

(kPa)

7.3 EERRBEXR

BEEERBRE ,

FEIHTHEXRER K. SWAT EARKRIEREEBEN

7k |, ARG , SWAT X B 5 Richtie (1972 ) REMN FEITER AR KENR

RA#E/ILERR, EETELEORGRAENER, MR, HRU FEFEE

TR

o REZHRABEN , 1 ERRTRRE,
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731 BERKHNRE

FAER P B RKEBRAIUARRN . BEBE RN KRR RNTBE
MR+ 0 EEHN , EERNATLET#A,

SWAT it EXREAN , RUEZSHERELZBTEFMBHK, MREFBE
EHK B, N EBEE#HWERK , Rnr, BBL -
E =E_ =E 7.3.1

a can 0o

Rir(r) =Riwry —E 7.3.2

AN : Ea NER B FRIGEFREHR K E(Mmm H0) , Ecan &L\ HHEE B H
KHE K E(mm H20) , E; NIEHL BB IEEZREE A (mm H20) , RINT(i) HE
¥ BB R EE A B BKE(mmH20) , RINT(H) NELIHBEEMENRL

BHKEMmH20), MREBERHE  E, ATEEEMBEHKE , RINT,

A -
Ecan = Rinr gy 733
R (ry =0 7.3.4
LERGEHKERATE , IRBABKE, =E, - E,, HEHNE/
TEREH,

732 #Xk

R X Penman-Monteith FRRITEBERE LK , AXA 721 oA

MERITE, NTEETERE  #aRXATRIHE !
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E.- LAl
3.0
E, =E! LAI >3.0 736

XA Et MR ARAHRREMmH0) , E; AERERE BRAKS RKXIFE

0<LAI <£3.0 735

E, =

BB ERB AR (MM H,0) , LAIAHHEER. XA7.3.5M7.3.61TENEEL
NEHEBEERRGTERNBEAE, RATEIEFNTRAKERSZ | 3£
PREUA BT 8E R T b (B . SRRRAE#E TR WK E B Y T E R 18FI9EN A,

733 AHNLTERER

AHEAMTBERRBURERENTE, FAALNTERLEATIITE !

E, = E, - cov,, 737
XA Es NEAALMLERKLXE(MmH0), E,ARNERBRBHAKS
KRB EHBERBR(mm H0) ,covso N EMWER. THRIEBBTRITE :

cov,, =exp€5.0x10°.CV 7338

XA CV NREMEBNMERY (kg hat), MBEEKYEAXTF0.5mmH,0 ,
THIEHIRN0.5,

BAA#HMIERRECEYFAKERSNNARETXNHXRT
B

E! =min| E,, E; By 7.3.9
E, +E,

XA E;NERENFAKENEAALNEZRLEMmH0) , Es I&

RAEMIIEZERE(mm H0) , E; AERTRE BHHXKDERFRENEE

128



B 7E R AKX

ZBUR (mm H,0) ,Et A& B HEABUKE(Mmm H,0). 5 Et EEKETE, > E, .

BR MBEEEFE  E >,
1+ cov,

7.3.3.1 #4t
WESAHELNIERRER , SWAT BEENEH B HERRER,

MREMNEKEATRAALMNTBERERER , BL -

E., =E. 7.3.10
SNQ;, = SNO;;, — E{ 7311
E/=0. 7.3.12

XA : Esub AAEI A FHEE(mm H,0) , E! AEEREYFIHKGEH &
AFAHEMLER L E(mm H0) , SNO() HER A ALTEHEKE
(mm H;0) , SNO(f) &L B A4 FEHS/KE(mm H0) , E! HiEH
AR AT HEAKREER(mm H0)o MREHHNEKEBNTFHRAALNMLIE

EEEXR, BA

Eqn = SNO;, 7.3.13

SNO, =0. 7.3.14

E/=E.-E 7.3.15
7.3.3.2 1iEAR K

HWHEKRNRERERFERN , SWAT AR AR LEBNRLRE

Ro BEFRRERAZRKESHNHREN :
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Esoil = Es” : =
’ z+exp€.374 -0.00713-z

XA Esoil, WREZAEHZERFER(mm HO) , E; NELIBHALTIE

7.3.16

KEFEE(mm H0) , ZAEERNRE. EX—HEPRBAIERR

HERES0%NH FE R FERELIOcMTIERE |, 95%F K FEREL100mmLE

&R,
B IMIEENRAFTREHTENIRE LN THRRAEREZE
REE

Eitly = Ewita = Exit 7.3.16

N : Esoilly REIYERHREKZER@mMmm H,0) , Esoil,zl ALZETEBH
Z & ER(mm H,0) , Esoil,zu
NEE EEBIERFER(mMm H0).

7-1 ARDHBLRAHANRRERS S , X—LERI N

1Imm WL ZE , HRIg 100mm WERKXER,
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Evaporation allowed with depth
assuming 100 mm demand

9.00

8.00

7.00

6.00

5.00

4.00

Maximum Evaporation (mm H20)

3.00

2.00 \
- k

1 51 101 151 201 251 301 351 401 451
Depth (mm)

0.00

Figure 7-1: Soil evaporative demand distribution with depth.

WEIFNR | RE D AR 50 EAXERE 10mm TEXREFHZE.
EARGR  BHEAERR 100mm , 50mm KK 50%, XEEL

BETEEREMN.

SWAT RAWARBELERFIEE LEFRTEERENZRRFER
BERRERENRRERSH T IRERKO T,

527316 SIAT —MNRERATAFBHARBRLERR
MRES M. BERRER

Egitly = Esoit.a = Exoit 20 - €5CO 7.3.17
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E R

EHR

XA : Esoilly AElyERHEAFER@Mm H,0) , Esoil,zl A=
ZBHY & F R (mm H,0) Esoil,zu 2 EZPEIZEE E R (mm H0) ,
esco NEBREIMERE, B7- 28R T X—FRENX T T Eescolly

f#, esco=1.0MBRERT-1—3,

Evaporation allowed with depth
assuming 100 mm demand

35.00

30.00
8 /’
T 25.00
£
E
S 20.00
o
&
> 15.00
L
£
>
£
‘< 10.00 -
3 |
2 /

5.00

0.00 ‘+r—rrTT = —————————Tr T T T T T T T T T T T T T T T T T

1 51 101 151 201 251 301 351 401 451
Depth (mm)
esco =1.0 esco = 0.9 esco = 0.8 =—=esco =0.7

Figure 7-2: Soil evaporative demand distribution with depth

B esco BB , BEAUSBHESHERERGBRN LR

HTENBKENTHEREKER , TEHNRXFERBETIH

KA
25-¢wW, - FC
Eliy = Eityy - p[ €, 'ya when SW, <FC,  7.3.18
FCIy —WPIy
Egityy = Esity when SW, > FC, ~ 7.3.19
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XA ELyy ARYEERBEIRESKBRABFHZELFR(Mm H0) ,
Esoil lySEly+ EZH L ER(mm H,0) , SWly A Ely+EHEKE(mMm
H,0) , FCly A ZIly+EHHBEEFKE(mm H0) , WPly R EIyLEH
BAZE R EKE(mm H0).

BRTBREIETFERGTHREKE , SWAT EXLTEEMRHT
MERAERKE, X—HAXENEDFIAKED 80% , HHHEYFIA
KEEYRATEEKESETRAESEKE (-1.5MPa) 2%,

EII

soil ,ly

=min€,;, 0.8-(SW, -WP,)_ 7.3.20

XA ELy AR ly TRERMAVZERKE(Mm HO), EL, AFly =
BEREFELESKBFEENZEREFER(MmH0) , SWly A% ly £EH

EKE(mm H,0) , WPly RE ly T EHAZE S EKE(mm H0).

Table 7-3: SWAT input variables used in soil evaporation calculations.

Variable File
name Definition Name
ESCO esco: soil evaporation compensation coefficient .bsn, .hru

7.4 NOMENCLATURE

CO,Concentration of carbon dioxide in the atmosphere (ppmv)

CV Total aboveground biomass and residue present on current day (kg ha™)

E Depth rate evaporation (mm d™)

Ea Actual amount of evapotranspiration on a given day (mm H,0)

E.an Amount of evaporation from free water in the canopy on a given day (mm H,0)

E, Potential evapotranspiration (mm d*)

E, Potential evapotranspiration adjusted for evaporation of free water in the canopy

(mm H,0)
Es Maximum sublimation/soil evaporation on a given day (mm H,O)
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E. Maximum sublimation/soil evaporation adjusted for plant water use on a given

day (mm H;0)
E. Maximum soil water evaporation on a given day (mm H;0O)

Esoily  Evaporative demand for layer ly (mm H,0)
E! Evaporative demand for layer ly adjusted for water content (mm H;0)

soil ly
Amount of water removed from layer ly by evaporation (mm H,0)

E;’)il,ly

Ewil;  Evaporative demand at depth z (mm H,0)

Esub Amount of sublimation on a given day (mm H,0)

E. Transpiration rate (mm d*)

FCy  Water content of layer ly at field capacity (mm H,0)
G Heat flux density to the ground (MJ m? d™)

Ho Extraterrestrial daily irradiation (MJ m2d?)

Hnet Net radiation on day (MJ m™ d™%)

K1 Dimension coefficient in Penman-Monteith equation
LAl  Leaf area index of the canopy

LAl Maximum leaf area index for the plant

P Atmospheric pressure (kPa)

Raay Amount of rainfall on a given day (mm H0O)

R} Amount of precipitation on a given day before canopy interception is removed

day
(mm H,0)
Rint Amount of free water held in the canopy on a given day (mm H,0)
SNO  Water content of snow cover on current day (mm H,0)
SWiy  Soil water content of layer ly (mm H;0O)
Tmn Minimum air temperature for day (°C)
Tmx Maximum air temperature for day (°C)

T . Mean air temperature for day (°C)
WP, Water content of layer ly at wilting point (mm H;O).

o Specific heat of moist air at constant pressure (1.013 x 10° MJ kg™ °C™)

cangay Maximum amount of water that can be trapped in the canopy on a given day (mm
H,0)

canny Maximum amount of water that can be trapped in the canopy when the canopy is
fully developed (mm H,0)

COVsol  Soil cover index

d Zero plane displacement of the wind profile (cm)

e Actual vapor pressure on a given day (kPa)

e’ Saturation vapor pressure on a given day (kPa)

esco  Soil evaporation compensation coefficient

frgme Fraction of the maximum stomatal conductance, g, , achieved at the vapor

pressure deficit, vpds
g, Leaf conductance (m )

J,m  Maximum conductance of a single leaf (m )
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h. Canopy height (cm)

k  Von K&rman constant

r.  Diffusion resistance of the air layer (aerodynamic resistance) (s m™)

r. Plant canopy resistance (s m™)

r, Minimum effective resistance of a single leaf (s m™?)

r_,  Minimum abaxial stomatal leaf resistance (s m™)

(g Minimum adaxial stomatal leaf resistance (s m™)

u, Wind speed at height z,, (m s™)

vpd Vapor pressure deficit (kPa)

vpdie  Vapor pressure deficit corresponding to  frgmx (kPa)

vpdyr Threshold vapor pressure deficit above which a plant will exhibit reduced leaf
conductance (kPa)

z  Depth below soil surface (mm)

Zom Roughness length for momentum transfer (cm)

Zoy Roughness length for vapor transfer (cm)

z, Height of the humidity (psychrometer) and temperature measurements (cm)

zy Height of the wind speed measurement (cm)

oper Coefficient in Priestley-Taylor equation

A Slope of the saturation vapor pressure curve (kPa °C'1)

Ag,,, Rate of decline in leaf conductance per unit increase in vapor pressure deficit (m
st kPat)

pair Air density (kg m®)

¥  Psychrometric constant (kPa °C™)

A Latent heat of vaporization (MJ kg™)
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AR ATURNEIE IR, LBk D A SARAER TR =
R, AN TRIEERSRARAZRNEKEHER , EATLETREIE
FRAEKFEEIMTERR,. EXETENEERED |, HERTUERRT #

AL RIERKRE D KD .
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8.1 TIELEHS

TEEE=M B, RS, BHSEERTRERNE THENDNEN

. EEGTRZE , TRARPEFEREN[E, TEBERTUTE (18
A ) HERD (SEEM ) RALEAR. S L|AIFEMMET , TFBABRAL

HNMEEBAREAEE, EHAEAUEE R R R IR E B £

TEARBEELNARZRAMETNENE, BRBER :
Py =—3 8.1.1

X pb RERBEMgm?) MS NEEREMg) VT K EZEEEHM,
BHERENRN

V, =V, +V,, +V, 8.1.2
XA VA RESERMY) , VW RKEER(M) , VS R EEBIERR M),
TEARBNIEAREENRRER

b =1-Pv 8.1.3

P Dsoil TEARE , RRABMNNSE , pb FERBEMg m?) ,
ps AENEEMgm?®), BHEE A RTBEEGRE , A1EERHPEINA
REBDHEE, REHFT , HBRINMEN2.65 Mg m™

TEBRR, [ENEE,. CRNTEEEMMRT HRARTEEA R

MmIEARR, REEEMERLNEAER , BATURDRAKRAR (&N
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=

E2>100(m ) P ZE LR HK/PERE30-100(m IR H/PEE<30(m )
RABRABERRREKPT RHAD |, FEEXLEIROPEAIEFLLK
LRBRER, RIABRESTENBRNEKTRE. PEFAREARAREE
BRI, Bl , FERERERANADBOERE. MARSELERR
A% HEE+ 5 118,

HERTERNTEN , T BEESHHARNPEFAR K mAPLaEE
ESHARILR B LERFE LMD LK DESEALAE BT ERE R,
DENESERAURREINFLANHER.

TIREKEEO( TBEMTE ) FEKE , Osoil ( LIEMM ) 2R,
X FAEH - TEXE , TUKAFHMRERS : BAFKENKAOFES.
HEFKEA LB L BHKFARENEKE. KAFAERR , TEREK
METFRAZEABENH A RREERHEEREAT —BERENN TESKE,
NTEZXHRIREZ TEEN , RATEEBTHIESKERE L, HEA
FKENTIEEERN 0033 MPa THEKE , AZERSKENTEEER

N 15MPa THEKE,. HEBKEMAZEAEKEZEZNEY AR AKE,

Table 8-1: Water contents for various soils at different moisture conditions.

Water content (fraction total soil volume)

Clay Content Permanent

Texture (% Solids) Saturation Field capacity wilting point
sand 3% 0.40 0.06 0.02
loam 22 % 0.50 0.29 0.05
clay 47 % 0.60 0.41 0.20
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RELIHT=MIEEFREARAHTHEKE, TREARE (&
BKEBHEMEEH )  NTALHE MY THLES.

HIHKERETNHELER, O 1H , ARFKERE 15%0ENE
KE , TZEXN TIELR 58% , W THLH 68%, BEEFHLSEEMNKD R
KELHERRERA MEmER B D T EBEESHMARMPEFAR ;
EEt , EATMBEERNTE , FErENEERE, RNKTHRICIE ,
WA LRSI MEEKRD Fo. HEIRNESHFKEDHAILHKXKARE
RENSESKEHHA, £+ 8-1 FIHNLTE K FRERK , FIHBERSK
277020 ML AEL 555 0.02 F 0.05,

EHANAKE A RN ARAKEE  BIHRFKENKAE

EREKEZETE !
AWC = FC —WP 8.1.4
XA AWC HIEYATRIAKE , FC NHBKKE WP BEREKE. X
TRELIFIHNW =T RER#H LR , DL AIRAKETEN004 , ELH
0.24 , 17021, BMEF T HETSKES | HTBENEYTRAKEHK
Binm, X—MHREXFRFEREEN.
SWATRATREEE BRI ENKAFAEREKE .
WP, = 0.40-% 8.1.5

XA WPly BIYRKARERBKE , RRANEERNDE , mc NEEH

FLEE (%) , pb ABRBEMgmM?), ARFBKEXRATNGHE :
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FC, =WP, + AWC, 8.1.6

ly
XA : FCly RlyZHBIEHKE , RIANEMAIRNDSE , WPly ElyRKAR
ELEKE RRAEBERNDE AWCly RElYZEHEY AR HKE AWCly
AAFRASE,

KO AIUEEMRIFBARES TR ERMNLES , KERFHHAE
A BEBE TR FEMTEFKRES LA AIREXEHEEKEHE,
SERMKEB A AEERS BT,

SWAT RELEMAKR. BHRERE-MLENSKE , BRIRKSE
B MNIRHPHISH, X—RRESEDRTERLIKE S @ IEERTR,
FRILZEBMNIFENREIEYKRBORE D ( FE 18.2.1 ) MIEARK
BEREDW (512 7.3.16 ) KEHEELL

WHKRELERESKEESHBE S KENRE, BIHBRKERN KD
AUF=EBR. MNERRELAHEK , FERLERERTF 0°C. HEXBF
gt , ’RBKRDED,

Table 8-1: SWAT input variables used in percolation calculations.

Variable File
name Definition Name
CLAY m¢: Percent clay content .sol
SOL_BD v Bulk density (Mg m™) sol
SOL_AWC  AWC,;: available water capacity .sol

8.2 B
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BRREEIZEIENE-—1LR, SRS KEESHBEEKENREZ
Ko HEXRFER , REKRZED,
TEFALUTEHKENR !
SW,

ly excess

SW,

ly excess

A SWly,excess NIEHELH £ F AT SABEH AIKE(mm H,0) , SWIy JEHL

=SW, —FC, if SW, >FC, 8.2.1

=0 if  SW, <FC, 8.2.2

ly —

Bt ZEHHEKEmmH,0), FCly 1+ ZHEEKE(mm H,0).

M—NETEAT RSNk RAEREELE

— At
Wperc,ly = S\le,excess ' (1_ exp|:.|_.|_ :l] 8.2.3
perc

XA cwpercly F—PNEEE T —REE3IHIKE(Mm H,0) ,SWly,excess 7118

BB TEF AT SABEHAIKEmMm H,0) , At REFEZE K (hrs) |, TTperc 7%
IRRIERTE (hrs) o
BREBRNTE-—RRTREMN :

SAT, — FC,
TTe =————— 8.2.4
K

sat

R TTperc NBTRABRIE( hrs ) ,SATly ATETEHEHMETHIE K E(mm
H,0) , FClyA = EH Bl KE(mm H,0) , Ksat
AEEEAADESE (mmh™) .

MNEEERLEBRNKSHAGSH, SRTNLEIHAEDSSKE

M2 BN D, KD ESIFEIRASKENHTREEIZENE,
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Table 8-2: SWAT input variables used in percolation calculations.

Variable File
name Definition Name
SOL_K Ksat: Saturated hydraulic conductivity (mm/hr) .sol

8.3 EHER

TP+ DR —RAT ML, XRTIRE TR UG M AT ER

Rk, HEETRE , AANRBELERE R, XMITHESENLE
HUHRREN, THTTEED 30%MF L , HEFR L FEE smectitic 79

AR, HELETEBINSIEFZHT,

THLHHRS (E 8-1) , HEEARSHHIEER , REZHH
HYER 7 FIFE SR 8-3,

|
Associations with Vertisols |
as dominant sails | |
Associations with Vertisols

/ /
| ! / /
[~ December 1985

I

Figure 8-1: Soil associations of Vertisols (From Dudal and Eswaran, 1988)
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Table 8-3: Alternative names for Vertisols or soils with Vertic properties (Dudal and Eswaran, 1988).
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Names Countries
Names that include the word “black”
Barros pretos Portugal

Black clays
Black cotton soils
Black cracking clays

Black earths

South Africa, Australia
Africa, India
Uganda

Australia, Africa

Black turf soils

Dark clay soils

South Africa
United States

Subtropical black clays Africa

Sols noirs tropicaux Africa

Terra nera Italy

Terres noires tropicales Africa
Terras negras tropicais Mozambique
Tierras negras de Andalucia Spain

Tropical black earths

Angola, Ghana

Tropical black clays Africa
Names that reflect the black color

Karail India
Melanites Ghana

Teen Suda Sudan
Tropical Chernozems Africa, India
Impact Chernozems Russia

Vernacular names

Adobe soils United States, Philippines
Badobes Sudan

Dian Pere French West Africa
Gilgai soils Australia

Firki Nigeria

Mbuga Tanzania

Kahamba Congo

Makande Malawi

Morogan Romania

Regur India

Rendzina United States

Shachiang soils

Smolnitza
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Smonitza Austria, Yugoslavia
Sols de paluds France

Tirs Morocco, North Africa
Vlei grond South Africa
Sonsocuite Nicaragua

Coined names

Densinigra soils Angola
Gravinigra soils Angola
Grumusols United States
Margalite soils Indonesia
Vertisols United States

BARENLTEATMIN —MIERETEERRERER , HARK
EHB3T 50cm iR FE 50cm R ZE D 1om T . PR TE R E /Y T Z 7T 8255 2 30ecm

HAMTERN 6-15cm,

NAEBMNEE LI XENRFRNTE , TEAREREINTLE
EFXE1t., Bouma and Loveday (1988) EX T =T 2EEEHE U1 E

AR (E8-2),

Tt Jop

Condition 1 2 3

v

drying wetting

wetting zones after infiltration

Figure 8-2: Diagram showing the effect of wetting and drying on cracking in Vertisols (from
Bouma and Loveday, 1988)
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EETEEEEATREMKSH  TERIAHIIARNRNER( E 8-2
RIS 3 TER ) . BE—RBEARKRRBEEFRATE , XHBERREET
FERMEFHRIT, B8 2 NEREKNENEES NERREARIIFH
EENRBEE. SBR , BAKEFENLBENEEZ , EHR LM
2 aRE, BBR (B 82 W finf2 ) ERFIEREREIEE T 2R
R (B 8-2 1 finf,l ) Bt R4,

HELEZERN , SWAT ITES—E T ENREET, ERKEENA
i T2 (®8-2 F/ finfl ) M REBFRE LR A ML EES Green & Ampt
FEITE, MR EMRER , MBHARR, ALY T HEEEERATRA K

BRAFENZEREATENE, B HRERI b RERENRER.
RENKEERFRBRERLIE , ARRXTHLERE

MBI LR RBRERY

- SW,

coef , -
crk ly 8.3.1

coef

ly

. FCIy

crk, . =crk

ly,i max,ly

ok
A ccrkly, AEERH T ENRRRER |, RAFRE (mm ) |, crkmax,ly
BRRATRBRMAE (mm) |, coeferk IEBRBERL , SWly AE#A
TEHFHEKE(MmH,0) , FCly I EXERBEFKEMm H.0), ZBHRIAR
FZBRA0.10,

EFHER , SBENMNDEIENSKERTHEEKE0%E , #HH

HRBEERRES RS LAENERNME —REREREE, S HRETEMN
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BETEINEESKERTHBEZFKEINWEN , ELBREEATIBIERNHRE
8.3. 1A E M -

crkIy =/l crk,yvd_l +1.0-2,)- crklyyi

when SW <0.90-FC and crk; >crk, 8.3.2

crk, = crk, ;

when SW >0.90-FC or crk,; <crk, 8.3.3

K orkly HERBLERBAR  RRRE (mm) |, ‘e AT E
BRABERER. crkly,d-1AF—KEERBEAER (mm) | crkly,l F1RE
F728.3. 1 EEMEL B ABBRAIR (mm) | SW REM B HEIIEH B K
E(mm H,0) , FCly 9135 ZIE H B &K E (mm H,0),

MORE T EEE R BN ERE N , KO EETIE, BHKDEESE
B[] 45 [ o [ 45 RERAB L (Mitchell, 1992) | & 1BHI R D & HMBBEH M.
EFME , EERBNEIAZRT L H A BELE. ERRHK , o 2
AME790.99,

TEHRRABEER | crkmaxly , RATHITE -

CrK .y =0.916-crk .. -exp I 0.0012 -z, -depth, 8.3.4

max, ly

XA crkmaxly , TEWEARHEAER (mm) |, crkmax FENTEIEH
BERRBER , RINEARNIE , 21 ly AINTERER T ERERSHRE
(mm) ,depthly AEXERE (mm )., BERBER , crkmax , EEAF @
Ao MEIX—SHFTERE BB S SBronswijk (1989; 1990) K9 E £,

B-ENRBERIUTER , I8 EHHE RERMER
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n
crk = crk, 8.35

ly=1

NAF crk AEBHEERBEMEF( mm ) crkly AB—EHREBEATR(mm)
ly REE , nATEIHEHEE,

K& Green & Ampt SEITEMREBRE ZEZTEREZANR
B AR

qurf = qurf i crk if qurf i > crk 8.3.6

Q. =0 if Qg <Crk 8.3.7
A A : Qsurf LB EF(mm H,0) , Qsurf | L H R ML HGreen &
Ampt SEITTE R BFR(mm H0) | crk A HEZEEREER (mm) . BH
HATIEHKDA
Wi = Rapy — Que 8.3.8
A winf 1B # A TEHKD (mm H0) , Rday RERTEEBEEHE
KRB (mm H,0) , Qsurf AL B &7 (mm H.0).
P HIE R EREBAIZERA

Crkyy
Wy o = 0.5-Crk - | ——— 8.3.9
Y depthly:nn

A werk,btm 9 2R3 135 S E R ERAY 55 3& 5 (mm H,0) , crk v H3|EHE S
BRI ( mm ) ,erkly=nn FELBHRRLEHRBRAEIR( mm ) ,depthly=nn
NBRLEHRE (mm ) .

HETR werkbtm /& , N&RLEFHERER , EEERFAAHRALIEN
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Table 8-4: SWAT input variables used in bypass flow calculations.

Variable File
name Definition Name
ICRK Bypass flow code: 0-do not model bypass flow; 1-model bypass flow .cod
SOL_CRK crkmax: Potential crack volume for soil profile .sol
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8.4 MM

MERELRESRREABRLXLEFTERFFEKENBEEE, £X

B—1REGH  BKkSEEERRLER , BEEIFEKE. KT2EFEK
BREFRR , BN , B ERFKE, X—WEME M ERE T RER

o

=

SWATRHAZ h R (Sloanetal. , 1983 ) b FER, X — &
RHABESR L3 E PR BERER . X—AREAVERIRA T3 hFIELL,

X-EBRETRETELRR  SKEFHHE , FFEMNERENE
B, LWHEBREFRENDperm , KER Lhill B9FEKkELE  HEEEH
EHETEKLESLR (E8-3) . WKERTKFEFEAIFKEN ahill,

B [mpermeable soil layer

' Chpigt

Figure 8-3: Conceptual representation of the hillslope segment.
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PR T OSSR A B D RE R RIRENHE PR REEREKL R LT,

B ANREEREMRF,

Steady state water table

—————— Transient water table

Figure 8-4: Behavior of the water table as assumed in the kinematic storage model.

MES-4 , ILFEERMANT N L ER AT ABEH A KE | SWly,excess , 7 :

SW _ 1000 - Ho '¢d ) Lhill

ly,excess 2

8.4.1

VA SWiy,excess 9 L3R ERAE A H A # AL EIR AT SABEH Y K& (mm H0) ,
Ho M OLEETFILHMNBENFTEE , RAANEEENSE (mm/mm)
@d AP FALFEE (mm/mm ) |, Lhill J3%+K (m) , 10008 F#m¥

mmBYERE F, X—HF A LR #FEHo

_ 2- Sle,excess 84.2
° 1000'¢d 'Lhill o
TIEAREKR -
¢d :¢soi| _¢fc 8.4.3
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N :Ddd T AHEM AL FEZE( mm/mm ) |, Dsoil FEBAEZERE( mm/mm) ,
ofc HEFKEPAFHILE ( mm/mm ) o

HTEREXKEERTEABEKER , HIANRIBANN., EEME P AT

HKER
SWIy,excess = Sle - FCIy if Sle > FCIy 8.4.4
SW, pes =0 if Sw, <FC, 8.4.5

XA SwWly RERIBLEEEKE (mm H,0) , FClyA X ZHEIFKE (mm
H,0).
W3R O 8HEKE |, Qlat, 7 :

Qu =24-H, v, 8.4.6
KA Qe I H AHEAKE(mm Hy0/day), Ho L3k H A4 EE T ILKRE
EXABHAEE , RTRHNILEEKEBEEEN 2B (mm/mm), vie 7 H O
KFREEmmh?), 24 FFMRECAROEF,

H ORI AT IR E LR

Vig = Kg -5IN G 8.4.7
where Kot HBFAKDESRmmh?) , ohill WKERIKE, SWAT REIEE
MANBUEE (slp) 8BEWEM, 5 tan (ahill ) FE., BT

tan(er,,

) =sm(@) | 512 843 RESEENBHG A -

Vlat = Ksat : tan thll } Ksat : Slp 848

G5 H 2842, 848846, 8% :
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Q,, =0.024-

(2 ) Sle,excess ’ Ksat ’ Slpj 8.4.9
Lhl||

!

Kb AR BRI,
8.4.1 MMl FiER

ERWFRE , JCARREES 1 X, RE—HoNER#EAEAE, SWAT
EZRTX—4%M , ERT —3ZBo0 M @R A X 5mE,

TEMNRRE , #FAZTENSTTEELD

! ~ _1
Qlat = Qlat + Qlatstor,i—l/'(l_ exp{TTlat }] 8.4.10

XA : Qlat AERLLBH A FMENM @FR(mm H0) , Oy 8L A 7= £ 00U
@B (mm H,0) , Qlatstor,i-1 9L B 8l — X FI KM EFR(mm H,0) , TTlag
F 0 @) F A& 1B RS E (days ) o

BRI EM ERE B ESRARA P EXLNE, EXSZHERT ,
AFRZEABEITEE, MR HRU REERAHEK , NmREEeR R

tile,,
kg = oy

AN TTlag M@ FZAFERTE ( days ) ,tilelag R EAHEAKIEIRETE ( hrs ).

8.4.11

MRHRUFRFFEEAHEK | M E5ffE e @

thll

Ty =10.4- 8.4.12

sat,mx

ANA : TTlag RN EFRZLIBETE (days ) , Lhill WK (m) |, Ksat,mx

ﬂkl-

EIEAHRZABIEZSE (mmhr) ,
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lag

BEAEKENT . B 8-5BRTTE TNy BN ZRENE,

Fraction of lateral flow storage reaching stream

} REREL B AR GFHFEATTEWKE S

0.0
0 2 4 B ] 10 12 14 16 18 20
Lateral flow travel time (day =)
Figure 8-5: Influence of TT,,q on fraction of lateral flow released.

M 1 FREER Al A B T E R RE L .

Table 8-5: SWAT input variables used in lateral flow calculations.
Variable File
name Definition Name
SLSOIL Lnin: Hillslope length (m) .hru
SOL_K Keat: Saturated hydraulic conductivity (mm/hr) .sol
SLOPE slp: Average slope of the subbasin (m/m) hru
LAT_TTIME TTg: Lateral flow travel time (days) hru
GDRAIN tilejog: Drain tile lag time (hrs) hru
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8.5 NOMENCILATURE

AWC  Available water capacity (fraction or mm H,0)

AWC,, Available water capacity of soil layer (fraction or mm H;0O)

FC Water content of soil profile at field capacity (fraction or mm H,0)

FCiy  Water content of layer ly at field capacity (fraction or mm H,0)

Ho Saturated thickness normal to the hillslope at the outlet expressed as a fraction of
the total thickness (mm/mm)

Ksat  Saturated hydraulic conductivity (mm/hr)

Lnin Hillslope length (m)

Ms Mass of the solids (Mg)

Qlat Lateral flow; water discharged from the hillslope outlet (mm H,O/day)

Qiasstori-1 Lateral flow stored or lagged from the previous day (mm H,0)

Qsut  Accumulated runoff or rainfall excess (mm H,0)

Raay  Amount of rainfall on a given day (mm H,0O)

SATyy,  Amount of water in the soil layer when completely saturated (mm H;0)

SW Amount of water in soil profile (mm H,0)

SWiy,  Soil water content of layer ly (mm H0)

SWiyexcess Drainable volume of water stored layer (mm H,0)

TTiag Lateral flow travel time (days)

TTperc  Travel time for percolation (hrs)

Va Volume of air (m°)

Vs Volume of solids (m®)

Vr Total soil volume (m°)

Vw Volume of water (m®)

WP Water content at wilting point (fraction or mm H,0)

WP, Water content of the soil layer at wilting point (fraction or mm H,0)

coefe  Adjustment coefficient for crack flow

crk Total crack volume for the soil profile on a given day (mm)

crky  Crack volume for the soil layer on a given day expressed as a depth (mm)

crky,q¢1 Crack volume for the soil layer on the previous day (mm)

crkiy,i Initial crack volume calculated for the soil layer on a given day expressed as a
depth (mm)

crkmax Potential crack volume for the soil profile expressed as a fraction of the total
volume

Crkmax)y Maximum crack volume possible for the soil layer (mm)

depthy, Depth of the soil layer (mm)

m. Percent clay content

slp Average slope of the subbasin (% or m/m)

tilei,g  Drain tile lag time (hrs).

Viat Velocity of flow at the hillslope outlet (mm-h'l)

Werk btm Amount of water flow past the lower boundary of the soil profile due to bypass
flow (mm H,0)

Wins  Amount of water entering the soil profile on a given day (mm H,0)
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Wpercly Amount of water percolating to the underlying soil layer on a given day (mm
H,0)
21,y Depth from the surface to the bottom of the soil layer (mm)

onmin Slope of the hillslope segment (degrees)

At Length of the time step (hrs)

¢, Lag factor for crack development during drying

M Bulk density (Mg m™)

ps Particle density (Mg m™)

¢4 Drainable porosity of the soil (mm/mm)

Prc Porosity of the soil layer filled with water when the layer is at field capacity water
content (mm/mm)

dsoit Porosity of the soil (mm/mm)
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9.1 HTFKRGE

EiTKENTF , FESSKRNESKRXE, §FKkRXEH

HRRBAARK , EERZSHAAR , AURBEZ AT KD BT, KK
RXBHARCRTNAR , EARSVMABEMPEIR , BREITkDE3)

BRER MR ATEERBIK D H BB £ R E K
XRBHRFBEHHKSD” (Dingman, 1994), JEAESKER LI R At TKME,
i TKEENXAKEBNIVERSENRE, RESKEHNLLRMTER
B NESERREKBESREEZRENERYFARSE . B 9-1BRT

XFAMRBHZKE,

Area contributing recharge to
confined aquifer Area contributing recharge to unconfined aquifer

-

Uncontfined aquifer -‘ Stream

Confined aquifer

Copg .

¢ Unsaturated flow 111"1?113]3‘
2 oy,

—= Saturated flow

Figure 9-1: Unconfined and confined aquifers (from Dingman, 1994).
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XIEEEBKENIMNERES M RA D ERNER. L, &E
BKEBIHRBRNVIARAREERESKEN Lifs , £ LR , 8K
FRiRAs RETHRRE , KRRIFAEN , BEFBHAKE.

N T RREAEENEE, EERCHNZRSEN M T KRN
9-2 FiiR. MERM AT AR D NiMa XMBEM X, IMEXHENLR : #8F
KRB B FOKEAVREER D . FEMXBEN R « # TGS T KERY
REE . HHOMX | TOKE N RFEFL R | FEEE R RKME,

Water table

Equipotential line

/
/

Figure 9-2: Groundwater flow net in an idealized hilly region with homogenous permeable
material resting on an impermeable base (from Hubbert, 1940)

SR A SRIERE 5 T KRG R AR DK, EHM XA ARER
TOKFR , RN BEARE T (B 9-3a ) o XMIARAE TR HEM E18 0,
L F#ha XRSIRA N T ACTH AR , XFRE TN ER D
TACHR A LA G # TKERR (B 9-3b ) SRR E# TKXEZ £ (B 9-3¢c ),

[ B 422 LM 483 5K 3tb TS 2K B SATSAL B 9 785 (B 9-3d ) o
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>

i
r‘,,v’ )//

(b)
Figure 9-3: Stream-groundwater relationships: a) gaining stream receiving water from
groundwater flow; b) losing stream connected to groundwater system; c) losing stream
perched above groundwater system; and d) flow-through stream (from Dingman, 1994).

SWAT I AVE B — N FREFPRUANSKEIZREESKENFEESKE ,
A LA A EE S FREAERSE KR, RESKENEESKE , #ARE

KRB KD HERIR R R R (Arnold et al., 1993),

REEXKE

EEEKENKETLHAEN !
a'qsh,i = aqsh,i—l + Wrchrg - ng - Wrevap - Wdeep - Wpump,sh 9.21

XA :agsh,] AEFBIREXEEKENBKEMm H0) , agsh,i-1 AESE -1
FKEREKENEKE@mMM H0) , wrchrg REFIRFEANRESKENKE
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(mm H,0) , Qow R FE iRt A T E M b T K RFLETRAKE (mm H0) ,
wrevap RAEiRBETKD SR A LEEZHAKE(Mmm H,0) , wdeep 7 Ei
REXREEKESREAHE NREEKEHKE(mm H0) , wpump,sh 3 5i

RMEE & 7KE B 7K 8 (mm H20).

9.2.1 A

BESREZBEREL HEINEARBHEAHARLIRT , ZEHALEMT

KiME, EARDEFF LEINEBH A RRE SRR ZANRBELER , BURT i

TOKERRE LRSSt T KB RT #th5T4H 5 B9 K DT,
ESWATH XA 7T EHRBNEFBKITE KD BFF LESEEH AL

BEE&KEZRKEEZER , 18 =N EEEE Venetis (1969) 17 HEY

Sangrey et al. (1984 EAE T —MNBEK/H oK RAER TRl B BOE R

TEHEIREEKEIANEREN (LRHED ) HER.
ER-RHNBKEIER

Wrchrg i = ‘_ exp I']/é‘gw _:Wseep + eXp I]/é‘gw _'Wrchrg -1 922

X HF : wrchrg,l AE—XHEKEHEE MM H0) , Sgwh i 514 55 R IEIR
BB days ) wseepH EiXHEEESKEERE AR NRESKEHNKEMm
H,0) ,wrchrg,i-1 AEFi -IKHXEEKEBREAHFAREEKENKE
(mm H0), BIXRBREEKEBREAH#ARESKENKEXATRI

i
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W, =W +W 9.2.3

seep — 'V perc,ly=n crk ,btm

RN wseep A FBiIXHREESKESREAEANRESKEHKE(Mm H0) ,
wperc,ly=n FTIEIEHKEZSRIIKE(mMmH0) , n LEEE , werk,btm
NEAEZER 7 AR HEHE R KR/ KE(mm H0).

HERETE , sgw , TREEZNE , ERANEIL LEEMKUESHTE
Sgw , ERLB R KMRBEE, Johnson (1977)FF & T —MNMEREWIEFRBER
3 032 FN L R B A9 7RI HE IR A E] » Sangrey et al. (1984)FEEIES — XK
BN HEFHECESgw , Rt E R RS KEWIERNE G , 7R

ZENAFMEE RS X,

9.2.2 TFK/ER

REEKRUNMMETEN FRENEHEER. RAEELEESKEFNE
KEBE P E AR Erfagshthr,g |, ERF &5 %,

#h R K TR AMA B9 52 E 2@ K7 9 (Hooghoudt, 1940) :

8000 - K
ng = Tsat N hwtbl 924

gw

RN QowR TSI K A FER # T ARFEEFRKE(mm H0) , Ksat
EXKBKIESE (mmiday ) , Lgw Fit TRKREH RIS G RE EME
BEEE (m) , hwibl AKMNEE (m),

BT it T KT XS B HA A AR 1Y IETR A A L 5 32 BY K A2 % 35 (Smedema and

Rycroft, 1983) :
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dhvvtbl _ Wiehrg —ng 9.25
dt 800 - i

Heh dz_mgmﬂwm%gﬁﬁmmwt (mmiday ) , wrchrg 3 SEiFHEAL
KEBFMEE(Mmm H,0) , Qgw RESFIRIEATEN I T ARBERKE
(MM H0) , y REKEWEAM=KE (m/m),

BRRM T ARNENCEKNERIRRNLMER , 5 9.25 M 9.2.4 Bk

&T8
dQ,, K ~ ~
= =10- = 2 (Vrchrg _ng SO (Vrchrg _ng _ 9.2.6
dt oLy,

A Qow NEFIXRHFAETER M TAKRIERKEmMm H,0) , Ksat 79
BKBKAEZESE (mm/day ) ,u AEKBEWEMZKE (m/m) ,Lgw H
TN AKRGEHRIFIL R B FMEMIERE (m ) ,wrchrg REiRFHAZKEDR
#MEE(Mm H0) ,agw NEREBERRLAELR. FHE.26R 0, EE
AJ1EQgw :
Quui = Qquis - exp F g - At + W, - (—exp}ay, -At_ 9.2.7

A :Qow,| RFESFIRH AT AERN T KRHETRAE(mm H,0) ,Qgw,i-1
REFI-IRFAETTEN TARRBIERKE(Mm H,0) , agw FERES
EHELHES , At ARBEISK (1day ) , wrchrg R EiRBEASKERH

(48 (mm H,0),
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EREEESR , agw , B TR *MEE(LEYE 18 B (Smedema and
Rycroft, 1983) , EEEEEMRI#X50.1-0.3 , FERIEMR#1X 790.9-1.0,
SAANTEEREIAEYR [BRFEMITAD AN BT ERRIRE

HERBEEKETEBANGR , FTE9.2.7f/{LA -

Qun = Qo -exp F g -t 9.2.8

XA Qow ATERTAEItHE A F MEMN T ARBEFRAKE(mm H,0) , Qgw,0
REIRKFFIRET( t=0 )t A F BRI b T AR B ERKE(mm H,0) ,agw 7
EREAES , thEKFBENEE (days ) o EREAERALLELEE

9.2.8%83 :

Ay, = g 9.2.9
N QgW,O

XA agw REREHEEE , Qow,0 RTERKIFIAAT (t=0 ) ¥ AT EH
R ARBEFAKE(mm H0) , Qow,N FENK# T AREHEFR(mm H.0) ,
NAIBKKRE,

BIRBNENERKBRANRS , ERRBAN log BHRTRERAHER

Bk, HRAERREET , 712 9.29 AL - RN :

:i.m Qg_wN :i.m IO_:ﬁ 9.2.10
N | Quo | BFD T - BFD

XA agw NEREFES , BFD AREBHERKHK.

agw
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923 BRX
KAAUMNREEKEEZDE LERFMAT HEEKE LEYR TIRAE |
DEEFSEBMFENEAESERTPRIKATUARR MG L5, BEEAE
ERTHNKERER , TRKDER, Kot BUBK RB MY Y R K S 5
MEKEFI K,

SWATR# A LERHKDERNEBREROEBHTELNL, AEEEL
BEERNBRNEE , X—EBENHBRER . X—IREEMNTEEEH
RRERERRERBUEENEENRERAEE, RAEHERE T ME
REDRE , REBRANSHEER L RAXRETL, BREAREBEXRE
BKBEKEBTAFRENWE—EME , agshthr,rvp , BTAK4E,

BEBRALRE , AUMNEKBREANZRAKEN :

-E 9.2.11

revap,mx ﬁrev o

w
XA wrevap,mx AERKDSERIME , A A A 135 /E A & KKE(mm

H.0) , prev NEBERERKRE , Eo NELLBEERBR(mm H0), LB ERR

HERERN
Wieep =0 if ady, < agu 9.2.12
Wievap = Wrevap,mx — @0shetr,vp if Alginr vp < A0, < Qqshthr,n/p + Wrevap,mx; 9.2.13
Wievap = Wrevap, mx if adg, = ﬁqshthr,rvp + Wrevap,mx; 9.2.14

A A wrevap AENKD SERIEA |, SKEREE A LBEKIKE (MMM H0) ,

wrevap,mx A ER KD SERIERL , A LU A HEE & AKE(mm H0) ,
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agsh RHERL BHIHBEKEEKE(mm H,0) , agshthr,rvp HREEKEFRE

ZRVEREANRE EKERERNBREH T KE(mm H0),

924 HARBEXKENER
B BAER—Bo A U#HARBEEKE. EARBEKENERABESX
BEKEEKEBLRAFENWE—EE , agshthr,rvp , BT &4,
BEBR , IUMNBKERRRNEAKENR !

Weeep me = Beeep * Wrenrg 9.2.15
A wdeepmx ABIXRTLH ARESKER KW HERAKEmMm H0) ,
Bdeep AEKEESREAL , wrchrg AEiKH A EKEWHEE(Mm H,0),
BB RBRBIREN !

Weeepy =0 if ady, < algy 9.2.12

Wdeep = Wdeep,mx - aqshthr,rvp If aqshthr,rvp < aqsh < ﬁqshthr,rvp + Wrevap,mx _ 9213

Wdeep = Wdeep,mx If aqsh 2 Gqshthr,rvp + Wrevap,mx _ 9214

XA wdeep HERFRHAREEKERKE(Mm H0) , wdeep,mxJy a] LA
ANREEKEHNBEAKEMMH,0), agsh AELBHHBEKEEKE@mMm
H,0) ,agshthr,rvp REEXKEFBERRSRHAARBRSKERXRENERE

i R 7K E (mm H0),
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9.25 EH
MERESKEFIEENEEARRETRENAK , BHEAFFBTEE

BKEEKENKTRK, FANXRTKEENNTANLSE 21 &,

9.2.6 HTFK{

2R SWAT BeDRBER it TR, SRR EEBEPUTE T ZE, 2 TRABE

H751E 9.24 5 FKRERR :

8000 - K
ng — sat

80004 10-K,
L 2 wtbl 10 /,ll_ 2

gw gw

Ny =800 41+ g, Ny 9.2.15

RNH :Qow NESE i Kt A E5E R T AREETRAKE(mm H,0) Ksat
BKBKAEZESE (mm/day ) ,u AEKBEWEMNMZKE (m/m) ,Lgw H
# TR RGRRIBL R B EEREEE (m) , hwtbl AXKUBFEE (m) , a
gw AERETER. F Qow HIXHENRAFE 9275 :

Wichrg ‘_ exp l Hgw At_:
800 - i -y,

9.2.16

Poor i = Mugon i1 - EXP l g, - Al :"‘
XA hwtbl,] REIRKVEEE (m) , hwibli-1 FFi-1RKVUEE (m)
ow REREIHEELR , At AELSK (1day ) , wrchrg BEIXRFAEKE
FAMEE(MMH0) , y NEKEWENFKE (m/m),

Table 9-1: SWAT input variables used in shallow aquifer calculations.

Variable File

hame Definition Name

GW_DELAY &, Delay time for aquifer recharge (days) gw

GWQMN alfshthr.q- Thre;shold water level in shallow aquifer for base flow (mm .gw
H,0
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ALPHA_BF ¢, Baseflow recession constant gw

REVAPMN alshihr,np:  Threshold water level in shallow aquifer for revap or .gw
percolation to deep aquifer (mm H,0)

GW_REVAP 4. Revap coefficient gw
RCHRG_DP  f...: Aquifer percolation coefficient gw
GW_SPYLD 4 Specific yield of the shallow aquifer (m/m) gw

9.3 REEKE

REEKBHKEFEHHEN :
gpi = @gp i1 + Waeep ~ Woump ap 9.31

AN :aqdp,l RFIRREEKENEKE (MM H0) , aqdp,i-1 AFi-1 KR
BEEXKEWEBXKE(mMm H,0) , wdeep NEIRMNEREEKESREANRES
K E B K E(mm H,0) , wpump,dp

ABRNREEKEHIIKEMm HO0), HAREESKENKEE
9.24Ho NATE, MRREEKENEGIHERBARKNKR , EE
AWTBIREENXKE B KER KD TR,

BARBEKRBHKDZREEZRIARKDMENITES , JLUANH
ERBREFHE K

9.4 NOMENCLATURE

BFD

Number of baseflow days for the watershed

E, Potential evapotranspiration (mm d™)
Ksat Hydraulic conductivity of the aquifer (mm/day)

LgW

Distance from the ridge or subbasin divide for the groundwater system to the
main channel (m)

N Time lapsed since the start of the recession (days)
Qgw Groundwater flow, or base flow, into the main channel (mm H,0)
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Qgwo  Groundwater flow at the start of the recession (mm H,O)
Qgwn  Groundwater flow on day N (mm H0)

ageq Amount of water stored in the deep aquifer (mm H;0O)

agsh Amount of water stored in the shallow aquifer (mm H;0)

agshthr,g Threshold water level in shallow aquifer for base flow (mm H,0)

aQshihr,ryp Threshold water level in shallow aquifer for revap or percolation to deep aquifer
(mm H,0)

hwini Water table height (m)

Werk btm Amount of water flow past the lower boundary of the soil profile due to bypass
flow (mm H,0)

Weeep  Amount of water percolating from the shallow aquifer into the deep aquifer (mm
H,0)

Weeepmx Maximum amount of water moving into the deep aquifer (mm HO)

Woumpdp  Amount of water removed from the deep aquifer by pumping (mm H,0)

Wpumpsh  Amount of water removed from the shallow aquifer by pumping (mm H,0)

Wrenrg  Amount of water entering the aquifer via recharge (mm H,0)

Wrevap  Amount of water moving into the soil zone in response to water deficiencies (mm
H,0)

Wrevapmx Maximum amount of water moving into the soil zone in response to water
deficiencies on day i (mm H,0)

Wseep  TOtal amount of water exiting the bottom of the soil profile (mm H;O)

ogu  Baseflow recession constant

Paeep  Aquifer percolation coefficient

Prev  Revap coefficient

oy Delay time or drainage time for aquifer recharge (days)
u Specific yield of the shallow aquifer (m/m)
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10.1 EIEF

RETHNEIBEFHN=MHEBESH : EEERFXNEIE. TEREPH

MBS , ARETEBBRFNTHNELS. EUTLUESHERE, ELRHZER
YIRVER | HAESGEREAENEL , MEKEFNEALE. BAUNEDT
YR, B, ER, RELIENEFANTEFERR. B 10-1ERT
FENRBHRIRE

Atmospheric ¥ fixation
(lightning arc discharge)

- Harvest

Symbiotic fixation fertilizer

i 7y
manures,
wastes,
’ and sludge

fertilizer

Soil Organic
Matter
9504 total N

aching

Figure 10-1: The nitrogen cycle
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RBANRERRBEEN TR, BHXHESEEFERATEAINFE—
ELED, (LESTEMSHRTEXNTHHET  ERERFAENE LN
BYH. MRFEFRELT , LESHE , MRBIEF , WHE, FEIL
EANE , BUTRA

gsgit +5  NO RMLh
vq  NO kA (7
+3  NO; 0 R B
+2  NO —ELE(S)
+1 MO RE (%5
0 N, ARRATE
-1 NH,OH 2
2 N.H,
BEER 2 NHior NH;  m=s

FAUST R ASHED , FERNSEETE, TNEEFRETNE
BN FEEX— TSN EEEEAEE,
SWATHE L T E7E + 8 s e 7R [ 9 B FE10-2 ) AR Tl g (NHY

MNOs  HEe=AERNEWE. Freshorganic N SEYBEEMMEYEYE
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AR, BENRSAENEESLIEREREX, ERERBXNEIERD
BFAANE |, LZ R AT LR B R AEL,

Fitrification P Mineralization

.

NO;,

[

Residue Mineralization

NITROGEN
1
q I .
Mineral N I Organic N
|
% olatilization Denitrification 1 Humic Substances Residue
Inorganic M fertilizer Inorganic M fertilizer :
Organic M

Plant Uptake | fertilizer Plant residue
t |
|
|
|
|

Figure 10-2: SWAT soil nitrogen pools and processes that move nitrogen in and out of pools.

10.1.1 B KEHFIRIL
AR AR VS R AN RS N EER PN EEY

BB, MRAFREENNBRARE , SWAT BT EEHNEKF,

TEPHBRHEREBKFEREZA

NO3, , = 7-exp(_—zj 10.1.1
’ 1000

A : NO3conc,z NTETERE B TEHBREL R E (mg/kg or ppm) , z RIEE

TEREHRE (mm) . RAFEILITENHERIRERRENT{LN

B10-3FTR. TEUt , TEMHERIREN TR TB R
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Mitrate concentration {mafko or ppm)

Depth (¢ i

Figure 10-3: Nitrate concentration with depth.

BHEKFREE CN N 141 RITE, EE-MLEPHNEEREIEN

orgC,
14

orgN,,,, =10° ( 10.1.2

XA orgNhum,ly HIBHERBHEELE RIS E(mg/kg or ppm) ,orgCly

TRFNENBREE (%) . BERENERS NEENRSE , HELAR

H
orgN,q;y =0rgN .y - o 10.1.3
0rgNy,;y = 0rgNyyny, - € oy 10.1.4

A : orgNactly REEESRHNERE ( mg/kg ) , orgNhum,ly RIEHERE
MEELZEHHEE(Mmg/kg or ppm) fractN NBRERENEEZTLHEFINS
EDE , orgNstaly ARRSEFHRKRE (mg/kg ) . EEMEERHNEERE

MEW D, fractN , i%70.02,
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£ fresh organic EHMNAESEEMBELEEDIEN 0, BRTXRE 10mm
+1E, £XRZE 10mm H3EF | fresh organic nitrogen &7 0 LIEREINBER

YIH9 0.15% :

OrgN i, o =0.0015-rsd 10.15
I A : orgNfrsh,surf 3 &RE10mmt3#EH |, fresh organic nitrogen &£ ( kg
N/ha) , rsdsurf AREIOMMIIEF |, BRYENYIFTE (kg N/ha) o

TIEAPWEREE , NHaly , FIERE 0 ppm.

SWATAWEFKFENRERA , BECETREXRBTHANITE. IT
FREERANFE , REFERIDEFNBENLRER , FHERE100 :

concy, - p, -depth, kg N 10.1.6
100 ha -

XA : concN AEXEFHWERE(mg/kg or ppm) , pb AETELTEARKRE

\-

(Mg/m®) , depthly A EZERE (mm) .

Table 10-1: SWAT input variables that pertain to nitrogen pools.

Input

. - File
Variable Name Definition
SOL_NOs3 NO3onc,iy: Initial NOz concentration in soil layer (mg/kg or ppm) .chm
SOL_ORGN 0rgNpym,y: Initial humic organic nitrogen in soil layer (mg/kg or .chm

ppm)

RSDIN rsdy.: Material in the residue pool for the top 10mm of soil (kg ha™®) .hru
SOL_BD v Bulk density of the layer (Mg/m®) sol
SOL_CBN orgC,,: Amount of organic carbon in the layer (%) .sol
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10.2 F1b, RGH{L/EME

B fi# 22 fresh organic ARYER N MR BN, 5L 2FENHN, &

UAANANBESHENRANTI, ENTRANE. EL2FFED
AFNANENRESHEN BB TRABENE.

AEEEEVYRNERKFIERE, HEYERRYEBEREERE
FECNEEE

C,H,,0, +0, —sewreksed 500, +6H,0

HEERRLN-SMRNKNESEFRALENEETURAESRRE
MRS E K SFEEAREK. EARGKEER. WRFLEEFEENER
MHPERBHNE , ARRANABIYRPNERBEEARERNEE, W
RELEERENERYTESEAXABRATRAALZR R NH, M NO;
KHEEHFTE, IRARVTINESEEIHIETE  AEFIRNEANR

NH, WX ARSI LIEAR P, CN AT L/ELNEREXRA

C:N tb>30:1 Bt &4 , £ NH, I NO, B A
20:1<C:N tb<30:1 Al , BMLMF (LT 2 F

C:N Hb<20:1 H{bR4E , 3+ NH, H NO,#in

SWATHH BT (LEEZNneti LEE  HECEIERBERELER.

ZE A IS EPAPRANT L E B (Seligman and van Keulen, 1981), & {t EH 4
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KR AEMBERYMMBENENEFWNfresh BPEE  URTIBEBEBHERHH
EERNERE. FENERBEIARELIREEES T0CRAE,
TLHRBRB T Rk T EENBE. v LNERELEPERT
BRENANXESRHZBHRNEER,
EXYEIRERE

T.
wpyy = 0.9 sl +0.1 10.2.1
' Ty +exp93-0312.T

<

soil ly

XA ytmpl RIyLENERYBERRERE | Tsoilly RlyLREE

soil ly

E(°C)., EFYEHFREERZENETO.1,
EFRYMBETRKTEE

SW,
—_— 10.2.2
FC,

XA yswly Ay ENEFYREHIKRSREE , SWly HlyLEER

ysw,ly =

HEEKE(mm H,0) , FCly
Ryt EZELLBHHEBEZFAKEMm H,0), EFYREIAKTEARZTK

F0.05,

10.2.1 BHERT L
AR A S SE RS ENEZ S —NEES —A
ERRNEEN

1
Ntrns,ly = ﬁtms ’ OrgNact,Iy ’ (T - 1) - OrgNsta,Iy 10.2.3
actN
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L H : Ntrns,ly AEFUENRSEIEZEIEZ N EE (kg N/ha) |
Btrns FIEREH ( 1x10°) , orgNactly HEFHENEFHEE (kg N/ha) ,
fractN NBHERBEESELEEFHN DI (0.02) , orgNsta,ly AERSE
MERHEE (kg N/ha)e ZHNtrnsly FIER , BNEEENERRSENIE
E3, HNtrnsly AAR , ENRSENEMDEEEIEEZ.

BRERBNAENT L, RETRITE :

Noinaty = Brin - €ty * 7wy - 0TGNy 1024

XA : Nminaly NBHERENEERNERT 1t(kg N/ha) , Bmin
BRERENET LR  vtmp, ly Ay ENEFYRIFRERE ,yswly Aly
TENEFYEIF KD ER , orgNactly HEFEBEVEFHEE (kg N/ha)o

ANBRERENEEFET LN ERNNEZEHRLRE,

10.2.2 BRYEHENT L

Fresh B RENBEENT(LRAEE - LRERFE. BRENYLE
B EERMNRRRBORES, RRRBBEARYFHCNLEMCP L,
URRENMIESKEITE,

BRARYFH CIN R

0.58-rsd,,

- 10.2.5
orgN +NO3,

SC:N
frsh,ly
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AHF :eC:N AETEHEKRYWHCNE | rsdly AEEIYRHERY

E (kg/ha) , 058 ABERRYFMNIEE DI , orgNfrsh ly I EElyHfreshE
MEENERE (kg/ha) , NO3ly AEXEIYFHHEERLEESE (kg/ha) o

PRARYIN CP L -
0.58-rsd,, 1026

+ I:)solution Jly

for = OrgPyay,

XH :eC:P NEEFEBRYWHCPL |, rsdly REEIyFHERY

2 (kg/ha) , 058 NERYAWERESE DT , orgPfrsh,ly 73 L ElyHfresh
BHEMNBIE (kg/ha) , Psolutionly AEXREIyEBRFHBEEE (kg/ha) o
FERRABENBRRYERNSH. RERRBXATRAUEHE !

72 10.2.7

mply 7sw,ly /

5ntr,|y = :Brsd : j/ntr,ly : (/t
XA ontrly ABRRYMBRBRE ,Prsd NERWfreshe BIEFTY
FALRRERRRE yntrly RIYyEEFWEABRRYBRERF ytmp lyRIYEE

FYRBRERT |, yswly RIyEEFWREHRKD R Fo
EFRNBABRRYEERFR

exp[— 0.693- Mﬁ“
25

_ olsgg.ﬂ
200

1.0

10.2.8

7/ntr,ly = min exp[

XA yntrly AlYyEEFYRABRRYERRF , cC:P HLEF

HRRYHICPL , eC:N ALTEHERYHICNLE,
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BRWfreshBHEEFEHRETLITE LX) -

N 0.8-0,, -orgN 10.2.9

minfly —

XA Nminfly RERWfreshBNEEDRRT 1L kg N/ha ) ,antr,ly

ntr,ly frsh,ly

N RYERBERER |, orgNfrsh,ly R EElyFfreshBEVEENEE (kg/ha) o
Fresh BHEET LA , RINEZEHBRILLRRE,
BRYfresh BN EEFRRBITELARXR ¢

Ngecty = 0.2 0y, -OrgN 10.2.9

A H Ndecly AERWfreshB WA EBEHE( kg N/ha ) ,ontrly

ntr,ly frsh,ly

NIERYIFEREREL , orgNfrsh,ly FIERlyHfreshELBAENEE (kg/ha ) »
Fresh B EERBNE , RN ZEHEBRERE.

Table 10-2: SWAT input variables that pertain to mineralization.

Input
. o File

Variable Name  Definition

CMN [in: Rate coefficient for mineralization of the humus active organic  .bsn
nutrients

RSDCO [rsa: Rate coefficient for mineralization of the residue fresh organic .bsn
nutrients

RSDCO_PL Srsq: Rate coefficient for mineralization of the residue fresh organic  crop.dat
nutrients

10.3 TH{t, BEX

ML Eg N2 emS ARSI NEL

step1:  2NH} +30, —2°52NO; +2H,0+4H"  (Nitrosomonas)

step2: 2NO;, + 0, —£2NO; (Nitrobacter)
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F[ERAINHILSELANBEL , 8, NH,, REZSHTHER

FFRE | (NH,),CO , RIEREM TR A 4,

L8, NH, , RIEFISHELIIE

step 1: CaCO, +2NH; X < @H, X0, +CaX,
step2: @H, 80, «—>2NH, +CO, + H,0
LPRE , (NH),CO , RIEEIFMLIE :

step 1: (lHZJ:O"' 2HZO urease enzyme ﬂH4D:OB
step2: @H, X O, <—>2NH, +CO, + H,0

SWAT4 G Reddy et al. (1979)FGodwin et al.(1984)#9 J7 3% R A& L5
LRNEELX, BETEHILNSELXLE  RAEXSFHNIR. HILBRT
TEEEMTEESKE K MEBELXBRTHEEENRE. SXRA=ANREK
KEBZXLESHNHECLNEEREENE R, HILNEERRAEREST
5°CEY R4,

HItNRERXRER TR :

10 = if Tsoil,ly

RNA :ntmply REEMTERBERF , Tsoilly ATERRE

Tunoy = 041 >5 10.3.1

(°C)o
HLKDTEFR
SW, -WP, ‘
Ty = 525 €C, —W, if SW, WP, <0.25- €C, —-WP,, 1032
Mwyy =1.0 if SW, WP, >0.25- €C, -WP, 1033
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XA nswly AL AKDGEF , sSWly EiIlHEElyLEEKE(mm

H,0) , WPly XEIyBAZEREKE(mMm H,0) , FCl yXEIyH B EFKEmm

H.0) ,
EERERFNRN :
VA
nmidz,ly =1- md.y 10.3.4

+exp 706 -0.305 - 2

mld Jy mid ly _

XA nmidzly RERRERF , zmidly AEEPREE HERE
HIJ%TQE ( mm ) o
EE—ITEFHRERFRBECANSTERNEMBELHECETSEHM

BERBEVSHRENL. HILATSEHNR

ﬂnit,ly = 77tmp,|y ’ 775W,|y 10.3.5
BERRTSEN -
Thotly = Thmp ly " Mmidz ly 10.3.6

A nnitly AELATSE nolly AELZBTSE  ntmp,ly 79
WILEEBERF |, nswly REELKDEF , nmidzly RELZRERF,

HLMIZE R SRR AR — R DR N5 FE(Reddy et al., 1979):

Nnit\vol,ly = NH4'Iy : (_ EXp l ity — Mol ty __ 10.3.7
XH N NEYRHCHE R B EANFH K (kg N/ha) ,NH4ly 7

nit|vol ly

FIyEFERSEKg N/ha) , nnitly RECBETSE , nvolly REXRBTS

o
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NTXAWCRBRATENN ), DRSS B EHERR
ROBHHRATRIUE :
friy =1—exp By 10338
oy =1—exp f o, 10.3.9
AP frnitly RECFEIRRO D, frvolly RERFEBREN S
B, nnitly RECATSE , nolly REXRBTSE.
HTHCMMNEEETBROEEN !

Moy N 10.3.10
et = G + oy >
HTEAXATMNEZETERNEEN :
ol LT <N o 103.11
v y trnlt ly + frvoI y niprolly

A - Nnitly REIYEFNH LR NO, W EE (kg N/ha) , Nvol,ly
NEIYEBNH, 5 I NHH B & (kg N/ha) |, fritly REE{LF=ER KD,
frvolly REXF=EBRKNDB, Npq,, FRYERHICNE LSRR KX

(kg N/ha)o

10.4 RAEH1E

RECREERERGTMHERE. NOEIN, & NOSHWARER, RHE

{LEURTEXKE, BRE. BRNMHERKL.
BERG , HRBNKABRET 60%8t , RIEICETEDMNES, fEE

TEESKENEN, REZHRE  RAEERPNEERRELHEES
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118 10,000 £, EAKPEABERBEEKCENMERE , BB SN
REE{CH —E R,
EFEEEKNEYERS  NEE Tl T RECRE KD HERE.
XN TEENENRE , KT 10-200B LSBT RECMRE. ERERS,
50%iR K. HAKERWENRS , KREFEEER , AAEEBEIEL

SWAT BIETRABERHELFTSI A EBRILER K

Ny = NO3, - (—exp }1.4- 7, -0rgC, _ if ygy 2095 1041

N gy, = 0.0 it 7oy <095 1042

denit,ly

A : Ndenitly RECFIF=ENETGK (kgN/ha) , NO3ly ElyZERHrIH
B EE( kg N/ha ) ytmply AFEI0.22ITENEFRYREIFNEERF ysw,ly

NFERI022TENEFRYBEHR KSR F orgCly TERFHNBREE( % )o

Table 10-3: SWAT input variables that pertain to denitrification.

Input
. N File
Variable Name Definition
SOL_CBN orgC,,: Amount of organic carbon in the layer (%) .sol

10.5 FEKABHNE

WEE R ASHE N2 RIENEHR , REEDEkERELEH, EPPR

WILZELBRA -
step1: N, + 0, 2ty , 9NO  (monoxide)

step2: 2NO +0O, ——> NO, (dioxide)
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step 3: 3NO, + H,0 —— 2HNO, + NO (nitric acid and monoxide)
ERBXERIWHXMEL  ENBRERZSNBXLTESH AR E M
1,

F B 7K 45 R T 8 N LI B ER AR 9

Ny = 0.01- Rygq - Ry 105.1

XA : Nrain JIBEKEREMAHEERLE (kg N/ha) , RNO3 HEEKFANHE
RE(mg N/L) , Rday H#E#L B EFRE(mMmm H,0). MEFTMIEMNHERLE

WINEHER 1 0 mm IR,

Table 10-4: SWAT input variables that pertain to nitrogen in rainfall.

Input
. A File
Variable Name Definition
RCN Rnos: Concentration of nitrogen in the rain (mg N/L) .bsn

10.6 Ek

ERALBEELZSFE N2 RKIREHBZEFR , ZEEELE

HALHWRBEHRTK. EYETEXEMARRERKCSWENR,
T ETREHREVHENEREAT R SWATRIUEXN AR,
BEECRERNBERZCNENENE  MARALER (RFEEDEYE

FEREYREENERYMEMNE E L EXRNERFERESE 18 ENA.
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10.7 KPHEEREMNE EES)

BEEMRKIHNER , MRNVEKERE  ELEIEF~ETHE, £T

RIERNKD2ELES , FETTEFYR. SWAT AFE—RELEF

HEBR M B E bR 10mm :

Es,;il,ly
=0.1.NOg, -~

ly

XA Nevap NE-ETEPHNHRBAB I RI10MmAEIE (kg N/ha )

evap

NO3I yElyR MM Z 8 (kgNha ) |, Bl NETEREMMAE-—ZLE
BEREKE (mmH0) ,SWly AE—EBTHEFANEKE (mmH0 ),

10.8 BiE

EYRBEFVWHARE D NAEF , UK ERERBFTHLEFNRS, BE

YN TEBRRPRBUXEREF , DRFNRBCRENMHERE FHEALE
BR , EEBRRPEFYRMLERN ENEFVRVLEHIXEFE, BX
L, T BEABRPNEEFRE.
Mkt , HRHBANAEF , FTRDEFNRS, BN EFENHREL
R, HBRE+5 5 T 2K, SWATIHHEHEREZENE LR REHRE

A @R AP BRI K, XEERNESRLENS,

10.9 NOMENCLATURE

Egiy Amount of water removed from layer ly by evaporation (mm H,0)

FCiy  Water content of layer ly at field capacity (mm H,0)
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Ngec)y  Nitrogen decomposed from the fresh organic N pool (kg N/ha)

Naenitty Amount of nitrogen lost to denitrification (kg N/ha)

Nevap  Amount of nitrate moving from the first soil layer to the soil surface zone (kg
N/ha)

Nminajy Nitrogen mineralized from the humus active organic N pool (kg N/ha)

Nmint,;y Nitrogen mineralized from the fresh organic N pool (kg N/ha)

Nnityy Amount of nitrogen converted from NH," to NO; in layer ly (kg N/ha)
N Amount of ammonium converted via nitrification and volatilization in layer ly

(kg N/ha)
Nrain  Nitrate added by rainfall (kg N/ha)
Nunsty Amount of nitrogen transferred between the active and stable organic pools (kg
N/ha)
Nvoryy Amount of nitrogen converted from NH4* to NH3 in layer ly (kg N/ha)
NH4,, Ammonium content of layer ly (kg NHs-N/ha)
NO3cnc; Concentration of nitrate in the soil at depth z (mg/kg or ppm)
NO3,, Nitrate content of soil layer ly (kg NOs-N/ha)
Psoutionty ~ Solution phosphorus content of soil layer ly (kg P/ha)
Raay Amount of rainfall on a given day (mm H;0O)
Rnos  Concentration of nitrogen in the rain (mg N/L)
SWiy  Soil water content of layer ly (mm H;0)

Tsoityy ~ Temperature of layer ly (°C)
WP,, Water content of layer ly at wilting point (mm H,0)

nit|vol ly

concy  Concentration of nitrogen in a layer (mg/kg or ppm)

depthy, Depth of the layer (mm)

fracn  Fraction of humic nitrogen in the active pool

frniryy  Estimated fraction of nitrogen lost by nitrification

frvo)y  Estimated fraction of nitrogen lost by volatilization

orgC;, Amount of organic carbon in the layer (%)

orgNactty  Nitrogen in the active organic pool in layer ly (mg/kg or kg N/ha)
orgNsshy  Nitrogen in the fresh organic pool in layer ly (kg N/ha)

orgNnum1y Concentration of humic organic nitrogen in the layer (mg/kg or ppm)
orgNsw 1y Nitrogen in the stable organic pool in layer ly (mg/kg or kg N/ha)
orgPsshyy  Phosphorus in the fresh organic pool in layer ly (kg P/ha)

rsdiy  Residue in layer ly (kg/ha)

z  Depth below soil surface (mm)

Zmiayy ~ Depth from the soil surface to the middle of the layer (mm)

[min Rate coefficient for mineralization of the humus active organic nutrients

Prsd Rate coefficient for mineralization of the residue fresh organic nutrients

SBms  Rate constant for nitrogen transfer between active and stable organic pools (1x107)
Swryy  Residue decay rate constant

gc.n Residue C:N ratio in the soil layer

gc-p Residue C:P ratio in the soil layer
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sty Nutrient cycling residue composition factor for layer ly
swly  Nutrient cycling water factor for layer ly

snmpty  Nutrient cycling temperature factor for layer ly

nmidzly  Volatilization depth factor

mitly  Nitrification regulator

nswyy  Nitrification soil water factor

mmpty  Nitrification/volatilization temperature factor

molly  Volatilization regulator

o Bulk density of the layer (Mg/m®)
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g 11 E HiE:™%

SREYNBENFRELNENERD , BRBRTSZSRBER. HPBIR
EENFAz —REEFRNEE. BIXESERNBRKILEWHHBRABE

FIEEINEEFEEBILESYT , #HURERNEREIRZA.
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11.1 BEMEER

EZXHNTBRPFEN="MEBLSHEN  BERTFHEINSEH, TAAHEN

FZALBAAEY AR AN DEBRRP OB, BiAILUBTREAE, EEMZRYE
RERXRMELE, BESEYRBENEMNLREPBER, B 11-1ERT
BEFHNEEIRE,

j» Harvest

fertilizer

manures,
wastes,
and sludge

manures,
wastes,
and sludge

Soil Organic
Dlatter

Adsorbed and fixed
Inorgar

Figure 11-1: The phosphorus cycle
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ESEMNETE BANEASEREFRERN, BT USHAE 74
B —ERABNCEYNBRPIUR XL EESBRELERMER
M5 F it REBTRHI1E M. Sharpley and Syers (1979) &K H i KRBT 2BMR
= B EEAH,

SWAT X EPEUANTENBE (B 11-2) o =NEALYSE  HE
=ANNENEBE, Fresh P FETHEDARDABEDENES | EHENR
SHEETLEBEERT, BERPHENBEED RBNE , UERFNE
LB ZEL, TRENBE S NBAR, BUENRS=AE. BREAUE
SEME 2 AMREEEFE (JLRILNER ) . EMESRSEZB T
HEEE,

PHOSPHORUS

Mineral P Organic P

[norganic P fertilizer

Plant Uptake
fertilizer Plant residue

T v v
€ DI

1 Residue Mineralization

Humic Substances Eesidus

Organic P

Figure 11-2: SWAT soil phosphorus pools and processes that move P in and out of pools.
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11.1.1 HRBKFEAIRIL
AP AU EMERTF e TEERPHNEBERPENBNARSBENEE.
MRAFREEEDRBIRE , SWAT 2 B ¥R TR EN B3R KT,
BRIEPHBABRRENRILR 5mgkg T3E, X—REHBRKRT
BAMEMEHTTEERN T, ERMERTD 25 mg/kg LEEHF R KM (Cope
etal., 1981)s
SEMETHLE R BIBHRE 7 (Jones et al., 1984) :

1- pai
pai

minP,_, , = 11.1.1

act,ly solution ly ~

A minPact,ly SEMETHLEFIBERE 7 (mg/kg) , Psolution,ly & RHPH
BHRE (mg/kg) , pai RBEAT SRR,
RATHEDRHBHRE N (Jones et al., 1984) :

=4.-minP 11.1.2

act,ly

minP

aly
XA : minPsta,ly RIBATHLE FEIBEHRE (mg/kg) , minPact,ly F5EMETHL
e R Y 8RB R (mg/kg)o

BEYBURERBERIZEER TN NP LR 81 RitE, tEPEERE
MIBHHRER -
11.1.3

orgR,.,, =0.125-orgN

um, ly hum,ly

XA orgPhum,ly 9 £ /2 F EHE B M8 RS K B (mg/kg) , orgNhum,ly 9+

B R EHERAEIEERE (My/Kg)o
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Fresh BHBEDHBIZ N0 BT EHR 10mm L EAH,E R 10mm
LS |, Fresh BYIBIERBHI N L ERERRYH 0.03%,
0rgP; ¢, oy = 0.0003-rsd 11.14
A : orgPfrsh,surf AitbFR10mmAY LA Fresh BYLBIERIS & (kg P/ha) ,
rsdsurf J9ibFR10mm#y +3E A 5& RYIEE (kg P/ha)o
SWATEFRYKFLLRELNHBA , BEXGREEPURELN, AT
TREHRANRE  FENRERUBREBEENLEEE , HERE100 :

conc; - p, - depth, kg P 11.15
100 ha h

XA : concP T+ EFRBERE (mg/kg or ppm) , pb T EHARIREREMg/m’) ,

depthly *EHEE (mm),

Table 11-1: SWAT input variables that pertain to nitrogen pools.

Input

. N File
Variable Name Definition
SOL_SOLP Psotution,ty: INitial soluble P concentration in soil layer (mg/kg or ppm)  .chm
SOL_ORGP orgPnum,y: Initial humic organic phosphorus in soil layer (mg/kg or .chm

ppm)

PSP pai: Phosphorus availability index .bsn
RSDIN rsdy.: Material in the residue pool for the top 10mm of soil (kg ha™®) .hru
SOL_BD v Bulk density of the layer (Mg/m®) sol

11.2 F1t, BEHBAEL

fEf# = fresh organic B RYIBM A RGN, v {L2FENN, EYFT

MANBEIHEMRICATN., EYTFANE. B2 HEY R A
T BOEE A WL N EY R TR AN A8,
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SWAT VBT {LEERN net T {LEL , HPIIETEL. SWAT F#
BEE Jonesetal (1984 ) FF RBVBET {LEEM L, T LAERANKIR : EYWE

RYNBENENETRE fresh BHBE , AR T REHERFREER B
B, FtNEBRIABTELRRREST 0°C Bf R4,

FC MR EB T RS AT SHNEE. By CNERSEPERTRE
AN X LS EHZMITHNEE,
EFRVMRETNEERE :

T.
Vempy = 0.9 sy +0.1 11.2.1
' Ty +exp93-0312.T

soil,ly soil ly _

XA ytmp,| AlyEENEFYRIPBRERRE , Tsoilly NlyLZERE (°C)o
EFYRETMEERZENETO.1,
BEFRYRETRKDEE

% 11.2.2

7/sw,ly = FC|y

XA yswly RlyEBEHEFRYEIFKDEER , SWly Ryt EZELBREK
E(mm H,0) , FCly AlytE#E# B HEEFKEmMm H,0). EFWREIRK

2 B ETETF0.05,

11.2.1 BHERFT 1L

REBERPEERNENBSENANLS , FETEERPHBERSD
NEENBSENE, FETEENRSENENBS 2R
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OrgF?act y = orgR’num ly OrgNaCt,ly 11.2.3
o v OrgNact,Iy + OrgNsta,Iy
OrgNstaI
orgP,, ., =orgP, . - = 11.2.4
g wal g rum by OrgNact,Iy +orgNs’[a,Iy
A : orgPact,ly ASEMENESRKBE S E (kg P/ha) , orgPsta,ly RI@AE

EEFR Y85 E & (kg P/ha) , orgPhum,ly 9 /& A ERAERT A HLBERY R BE (kg P/ha) |
orgNact,ly JSEHEBHEHRKN RS E (kg N/ha) ,orgNsta,ly ARBSENEFE
# 2 2 (kg N/ha).

BHEFUEEN P T LR

I::’mina,ly =14. ﬂmin ' (/tmp,ly Y swly 22 ’ Orgpact,ly 11.2.5

XA : Pminaly NEHEFEHEVPH {LE (kg N/ha) , Bmin I EHER B VL8
TALRE ytmply NIy ENEFRMBERBERE ,yswly Ry ENEFY

ARk EZE |, orgNact ly ATEEMEBEVLEHREIBEE (kg N/ha).

11.2.2 BRYBEHENT L

Fresh BB ENERANT L RAEE - TREFE ERENT(CEISREN
MRBRBREH . RRRABREZRRYSPH CNEMCP I, SIRBEN
TEEKEITE,

0.58-rsd,,

= 11.2.6
orgN +NO3,

N
frsh,ly
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KA eC:N RETEHBERYHCNE rsdly REEIyPHERYE(kg/ha ),
058N BRYFNHESE DB , orgNfrshly AL ElyFfreshENBENEE
(kg/ha) , NO3ly AXEIyFHIHERIEEE ( kog/ha ) o

PRARYIN CP L -

B 0.58-rsd,,
" orgP,,, +P

solution ly

11.2.7

Ecp "
RH eC:P REEHBRRYWHICPLE rsdly REEIYPHERYE( kg/ha ) ,
058N ERYANREESE , orgPfrshly FERlyHfreshEHENBEE
( kg/ha ) , Psolutionly AXEIyBRFHBIEE (kg/ha) o
FERRABENBRRYERNSH. RERRBXATRAUEHE !

Surty = Brs Vo Gty Yoty 11.2.8

XA ontrly RERMBRARLE , prsd NERWfreshe BHLE FYWH {LEYIE
REH yntrly RAlYREFYREARBERDERERF ytmp ly N lyEEFYREIR
BERTF , yswly AlyREFYEAKD EF.

EFRMERERYBHBRERTR
exp[— o.esgs-Miu

25

Yoy = MiN exp[— 0.693-%? 11.2.9

1.0

A yntrly AYREFYBERERRDEBRRE T |, cC:P NEEHERYH

C:PLtt , eC:N AEXEHEKYMIC:NE,
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BRWfreshBHBIER BT (LITE LX) -
P

minf,ly

XA : Pminfly RERYIfreshBEVLBEEFBES (L (kg N/ha) |, dntrly &

=0.8-9,

ntrly * Orngrsh,Iy 11.2.10

RYIEAEZRE |, orgPfrshly R EElyFfreshEHBIERNZRE ( kg/ha ) » Fresh
BEUBET LR | RINEZE B RBE.
BRYfresh B BIEFBRBEITELRX R

Piecry =0.2:-0,

dec,ly ntr,ly

N : Pdecly & RYfreshBHBE D BIFEAF (kg N/ha ) , ontrly HFE&RR

-orgP; 11211

rsh,ly

VIR R R B , orgPfrsh,ly X Elydfresh G HIBEERIBEE ( kg/ha ) - Fresh &
VEERBHNE , NNEZEBRBE,

Table 11-2: SWAT input variables that pertain to mineralization.

Input
. o File

Variable Name  Definition

CMN [in: Rate coefficient for mineralization of the humus active organic  .bsn
nutrients

RSDCO [rsa: Rate coefficient for mineralization of the residue fresh organic  .bsn
nutrients

RSDCO_PL Srsq: Rate coefficient for mineralization of the residue fresh organic  crop.dat
nutrients

11.3  FoHLB%HY % B

TEMRRAEBRHESBHEERAS  BTEIRRERN , BRBKERR

HEEFRE, EX—TEYP , BYBWRETRLE , < FREXE , EE4
#4E J1 5 (Barrow and Shaw, 1975; Munns and Fox, 1976; Rajan and Fox, 1972;
Sharpley, 1982), A 7 & EARBR VN RIERK ,SWAT BRIREBR BB —
MR TR 2 B FE — MR P& BENEERETRIRE TEE
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MR TNEZRFE—NEENEHEIERELN, TEXIBREX=A
FEFIZTH I B £ 2 Jones et al. (1984) FF &Y,

EETVENBRBEN FEBRRTBEASHEER. X—EREET &
R (RERNE ) &, FETBRRTIESBEN D 8o

BT ST ER TSI 5 £ Jones et al. (1984) B A Sharpley et
al. (198)FF &M 54 | R ERBRBEIA K2HPO4 MEX KB A LH, Ft
FREEHRRKE | BEE 25°C T, T, LEBRAEEFKE
e E6MNAMNERE'N , TELTZRTER/R. EBRPLERZE
AR DUBE R F MRS AV IREUCKR A E . AT AR TN EB AT sE 83K

I:)solution,f - I:)solution,i

pai = ot 11.3.1
er

minP

XA pai NBEATSHIEE Psolutionf AEREBMBRE EBERIBHMEE ,
Psolution,] AMEERIARTHESE | fertminP NIEEFTHNBBSBHSE.,
EARNEETVE 2 ANBEBRTEEHHE :

pai
Psol\act,ly = Psolution ly mInPact Jly (mj
. pai
if F)solution Jly > mmPact Jly (1_ palJ 11.3.2
pai
Psol\act,ly = 01 [Psolution ly mInPact ly (TMJJ
if Psolution Jy < mInPact Jly (1—p?)IaIJ 11.3.3
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R ;i NEBBANTFELNEE 2 B LK B (kg Pha) ,
Psolution,ly &R FBHEE (kg P/ha) , minPactly JI5EMTHLEHBH
£8(kgPha) , pai IBETEMIEH, 2 ok R IER | BMARAEET
NEZ ; st Footocts 3y g1 ¢ , BMNEMTHERBRRET . 5, NEKE
T BB BE 3 R R MB R BB T HEZ 3 R/ 1/10",
SWATERREELE TN ESRATINE A FEEE FHRELE
BN ERE, EFEN , BRESTIENEETHERN4E.
HREVERN RSN EETHEZEHNBEEHERT HE

act\sta ly ﬂeqP q’ mmPct ly mmpsta y _

if mlnPS,[aly <4-mink 11.34
Pact\s’[a,ly :O'l'ﬂeqP ‘ mlnpact mlnpstaly
if minP,, >4-minP, 11.35
XA ARASNEETALE 2 R LB (kg P/ha) , pegP NEREF &

act [sta,ly

REEH (0.0006 d*) , minPactly REETHEFNBSE g P/ha) ,

minPsta,ly ARBENEFERNBSR (g Pha)e HP,,, NER , BMEYE
THERRSEIEED ; 5P, ., WA, BARSTHEREETIE

B3, AR, NRBSTHERIEETHEZHERNNEETIERRS

THLEZ B EER Y 1/10M,

Table 11-3: SWAT input variables that pertain to inorganic P sorption processes.

Input
. . File
Variable Name  Definition
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PSP pai: Phosphorus availability index .bsn

1.4 &R&

BELBETNEIESHINHADRBHBENBFHTLERRTRERE

MEEWEER (1-2mm ) I8, REBE , RHESBRAMNTERRDR
WETAMERE  RREYRRX A RS , i~ ER.

BT BV RS  SWAT RIFBESBMNERE 10mm T EHEAE—RFEL
R, EBEHTHITE :

P

solution ,surf Wperc ,surf

P —
P 10- Pr depthsurf : I(d,perc

RNH :Pperc ANKREL10mmEEH A E— = L E BB (kg P/ha) ,Psolution,surf

1141

RREIOMM LT ER B DB S E (kg P/ha) , wpercsurf RERLBNRE
1I0mmTEBREE—ELTENB(kg P/ha) , pbp REIOMMTENBHNZRE
(kg P/ha) (RIEEE—ZE L EMEE ) ,depthsurf I RERE( 10mm ) kd,perc
BB RAI(10 m* /M), BESRAB I REIOMM BB RHBERE 5BRA
RBEHRERY LB,

Table 11-4: SWAT input variables that pertain to phosphorus leaching.

Input
. N File
Variable Name  Definition
SOL_BD v Bulk density of the layer (Mg/m®) sol
PPERCO Kaperc: Phosphorus percolation coefficient (10 m*/Mg) .bsn
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11.5 NOMENCLATURE

FCiy  Water content of layer ly at field capacity (mm H,0)
NO3;, Nitrate content of soil layer ly (kg NOs-N/ha)
P Amount of phosphorus transferred between the active and stable mineral pools

act|sta,ly
(kg P/ha)
Paec)y Phosphorus decomposed from the fresh organic P pool (kg P/ha)
Pminaly Phosphorus mineralized from the humus active organic P pool (kg P/ha)
Pminttly Phosphorus mineralized from the fresh organic P pool (kg P/ha),
Pperc  Amount of phosphorus moving from the top 10 mm into the first soil layer (kg
P/ha)
Psolution,y Amount of phosphorus in solution (mg/kg)
P Amount of phosphorus transferred between the soluble and active mineral pool

sol|act ly
(kg P/ha)
SWiy  Soil water content of layer ly (mm H0)
Tsoily ~ Temperature of layer ly (°C)

concp  Concentration of phosphorus in a layer (mg/kg or ppm)

depthy, Depth of the layer (mm)

Kaperc Phosphorus percolation coefficient (10 m*/Mg)

mMinPae 1y Amount of phosphorus in the active mineral pool (mg/kg or kg P/ha)

MinPs, 1y Amount of phosphorus in the stable mineral pool (mg/kg or kg P/ha)

orgNacty  Nitrogen in the active organic pool in layer ly (mg/kg or kg N/ha)

orgNssniy  Nitrogen in the fresh organic pool in layer ly (kg N/ha)

orgNnum,ly Amount of nitrogen in humic organic pool in the layer (mg/kg or kg N/ha)

orgNswty  Nitrogen in the stable organic pool in layer ly (mg/kg or kg N/ha)

orgPac)y  Amount of phosphorus in the active organic pool (kg P/ha)

orgPsshyy  Phosphorus in the fresh organic pool in layer ly (kg P/ha)

0rgPnum1y Amount of phosphorus in humic organic pool in the layer (mg/kg or kg P/ha)

orgPswly  Amount of phosphorus in the stable organic pool (kg P/ha)

pai Phosphorus availability index

rsdiy  Residue in layer ly (kg/ha)

Wpercly Amount of water percolating to the underlying soil layer on a given day (mm
H.0)

e Slow equilibration rate constant (0.0006 d™)

Pmin Rate coefficient for mineralization of the humus active organic nutrients
Prsd Rate coefficient for mineralization of the residue fresh organic nutrients
owryy  Residue decay rate constant

gc:n Residue C:N ratio in the soil layer

gc-p Residue C:P ratio in the soil layer

sy Nutrient cycling residue composition factor for layer ly

swly  Nutrient cycling water factor for layer ly
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nmpy  Nutrient cycling temperature factor for layer ly
o Bulk density of the layer (Mg/m®)
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g 12 B FEREH

ERHNHMESES , S FMBERN T E B YRR ATAEEBRA b AVHEY 7
Y, WBTET —NMERETIRZINIBEYKIE, BTHRERARM
EXBHRRZEX  KREFHBOHHERE , AEBIRFXUREESH
BRY, EREBHRNNMIEZRRRN B CZEFTETFRERTEENEE
BRpEREENER,

REFIZEEN , REEAMNKOENERREFNEFENARBENTERE

R, REFHTIBMEABRRTEHRELEMR , MAKEME, ATEREHN
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AEEME, SWAT RAMNBEUNRBHNEIMELNEEZRE

GLEAMS(Leonard et al., 1987),

HERE HRU FRVRET , Hh—MoBENH F8E |, v %2R 1LE,
REF AT BT R A LIE, SWAT BEREH 5/ LEE PRIRBH,

12-1SWAT BRI E,

Foliar Application

WVolatilization

Degradation b

_( .............

Surface and Subsurface Application

WVolatilization

l Washoff

Figure 12-1: Pesticide fate and transport in SWAT.
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121

Y ERY SR B AT AR AR BOFRIIEE D SIS, REHW

BUENMEKNARMBERR, HEKET 2.54mm TR £

E—IREKREHRMEYH PRI REBEFERATRIE
pSt; e = frg - PSE 12.1.1
A pstfwsh HE—IREKSEHPNEDH FFRE LERENREFE
(kg pst/ha) , frwsh 9% RFIEY R 258, pstf AEYIH R R R £ (kg
pst/ha). JH Rl 2 Bk RAEYD A R Bl dislodgable By T 5 o

Table 12-1: SWAT input variables that pertain to pesticide wash-off.

Input
. L File
Variable Name  Definition
WOF frusn: Wash-off fraction for the pesticide pest.dat

12.2 [Ef#

EEERLEMBINANTAERNFEN, LEPHILEWTRELRSE

TR (XEE)  SIEPECIENRRN ({LERE ) MEREY
NS (LR )

BRIERRREN KRSBABILEN. BABHILEWHSHE( K
AUEHENESEN R MK ERE ) , BVRER TS THEDRELE.,
X THR BRI T Z THERER, JERAER R BT 86 T A MR,
BEEREVEANEELD. R (—HAXREARIEHANLEY ) .
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REFWAIREETE, EAEREUNILEDREARIHCERE
WL EN S T 0. REFEY AR RARER ¥ EwBIBRE L,

FEBARELN —ERBIRERDE —¥AEENRE. REFE
TEPNFEGEARR - INFENSH , SRBERPRAL. KXDBEA. X
R, EYIREMANCFER B, AR EHREF LT ERHERER  SWAT
BEAFRITF EWRBFELF RO LA,

ELTEZRRFNRBHERHERRA-NIHFE

pst,,: = PSty0 -explkpySoil . 12.2.1
A psts,ly,t ANZItEIEE PR EFI S E (kg pst/ha) , psts,ly,0 FEEF
M\ARBFZE (kg pstha) , kp,soil HEIEFREFNWIEMREBRERELR
(Lday ) , 9 MARIUTT 26 9 B i) B4R L T S B (R RV B (R (B FRg ( days ) o IR
FHELEXEBABRZEANXR
0.693

t,. = 12.2.2
1/2,s k

p,soil

RN t1/2s AEBEPRBFOX4EGFEE (days )
Hh ERBREBEFER
pst; , = pst; -explkp‘foliar T 12.2.3
A pstft AEZItH 5 LR BT E (kg pst/ha) , pstf,o M ERBEFE¥
e B E(kg pst/ha) Jkp,foliar N H3EHRRBHIWEHEREBRERELR( Lday ) ,
9 MAEHLTT SR BV B (B R L it H e B RV BF B B B ( days ) o BEREHEH
REBFEEREHZEBRR
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0.693

t,.= 12.2.4
21 =

p, foliar

AH tl2s AM A EHERRBFINEERER (days ) o

Table 12-2: SWAT input variables that pertain to pesticide degradation.

Input
. A File
Variable Name  Definition
HLIFE_S ty2,s: Half-life of the pesticide in the soil (days) pest.dat
HLIFE_F ty124: Half-life of the pesticide on foliage (days) pest.dat

12.3 B

BRIKAMER B AT SAREE S RE A RBEN TERE |, AU EHISRRE

TKREGE. SWAT RiTEZRNER , ANER T RAFERERAMM @
RARNMRE, SEEELES 5 EPNA,

12.4 NOMENCLATURE

frusn Wash-off fraction for the pesticide

kpfoiar Rate constant for degradation or removal of the pesticide on foliage (1/day)

Kosoit  Rate constant for degradation or removal of the pesticide in soil (1/day)

psti Amount of pesticide on the foliage (kg pst/ha)

pst:wsh Amount of pesticide on foliage that is washed off the plant and onto the soil
surface on a given day (kg pst/ha)

psts;y,  Amount of pesticide in the soil (kg pst/ha)

t Time elapsed since the initial pesticide amount was determined (days)

tio¢  Half-life of the pesticide on foliage (days)

tips  Half-life of the pesticide in the soil (days)

12.5 REFERENCES
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% 13 E AR REYD

F 13 E FERY

BRREARFENRMEAGENER T ERAXFREITE( MUSLE )(Williams,
1975) MUSLE 1 Wischmeier 1 Smith (1965, 1978)F XM @A L |/HR K FH

2 (USLE ) W IEFR,

USLE RE\EFTNFREBITEFHFLERME, £ MUSLE |, BREEER
FRABRREFENR, X—Tdu# TIED=ENTN , FTHRERBL
HETLUHZARNAZIRERE, BAFEMNBEENRERRARR
R TEEERMNEREENEK. USLE FEERBL (TETELEE
REEDFEEZRAZENREMRZLE )  RABRTERRARKRS BERA+
MEER, M MUSLE FREEMBLEANBRRRRRT 2BENABIEYD

HYREE
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13.1 MUSLE

{EIELIFHRAFFE ( Williams, 1995) :

sed =11.8- Quyr - Gpou €2, o - Kugte - Cusie - Posie - LSuge -CFRG 1341

X sed RERHHEDE (tons ) , Qsurf AREFR ( mm HO/ha )
qpeak FEFHEIE (m®s) , areahru FHRUME (ha) , Kusie WUSLE 3%
AR F  Cuse FUSLEMER B E MEMEER F ; Puse NUSLER B HE
EF ; LSus.e JUSLE#EE F , CFRG NER A F2mmiyEABRE F. #hk
BRANBRAENTHEEEARESEN R USLER FRETEHN B2 #ITN

Ao

13.1.1 TR F

BEEHERGMEERN , —~ X EES - EFTRERZEM, X—X3KH
TETME  REBEIBREFHEMRITE, Wischmeier and Smith (1978)4F +
BAMMERFENLR  TBEERNVIR  BURMEHNLERKER, &
fLER 22.1m K, PEBRERN 9% , BESEKH , HMESOEREMEE, &
SUMEANZEDFFRBEERBEZNCELBIPRI L. MUSLE R USLE
TEUMERFRRUERE LS TARSEMZES 24 0.01(ton acre hr)/(acre

ft-ton inch).

Wischmeier and Smith (1978);E Z| , FEDN MM 7 B2 EEM , £3E

B AT 4 A B R A Y 2 B R AR A B 1K
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AMMERFHEENER +2 EHENRFMEEN, Wischmeier et al. (1971)FF
BT —NEBRAAERUTETUMRF , ZHEEATHNMREDN D BT

BT 70% MR 5 AR ER

0.00021-M**. Q-OM ¥3.25- € -2 325- €., -3
e = o -13.1.2

AH  Kusle NUSLEL SRR F , M AR RESH , OM hEVYE
EEHDLE (%) , csoilstr AR RPN LIELEHAE | cperm I EZIME
w2EMERA,
MRRESH M, A :
M = €, +m,, - Q0-m, 13.1.3
HH : ma AR EFE0.002~0.05mmERE, AP BEDEE , mvfs IREE
0.05~0.10mmADR B D EE , mANE<0.002mmK LT ED EE.
BHMESEESL , OM, K
OM =1.72-0rgC 13.1.4
RH :orgC NEVBRESLERE (%),
TREMAREETRENERSHEESTN |, XLEBE SN < B I5E5R
B cEAESBREASE, —MEMNTERSARNTREAREHE, TR
ZHEVABEER N BARGEHENTRNES , BRAGHENRKPINEZER
ZMENXBINMA S, USDA NI REMBAERESREL=TRBEMKE
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MAEERNRE. BRGHWERNTRMEES N TIREIA type , FHAEX

/IR class , XBIE R grade.

12 1312 WX EEWKRBENL RN T ELEIN type M classe EEF 4

b 35 H type :
- BER AN A E—INTFEEAER , BFERKFERN
- BER BN AE—NELEAEHABRETHENEHENEERE

- RRFSEE  FRsHE-NRBE  ARRRTHERERERE , X

LRENEAREHEET KRR T

- RUBRGRSHEME T HFE-NMRBEE  FERRTHESN+2FH

NHRE , XEREEEBSEEETHEERN,

IR =%t type EBE P subtypes :

BAER

BREF  RBEF LiRE

K - AREF LiRE
BOR

BHEA  RIREZRAEX SR A

REAK EAVYENERESHRE , BERKRER
2373
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ROR - AR B LR

BER  BRZAK

Class B K/DFriEBELE M type ML , BE T & 13-1 F. BF csoilstr #918

BER

1 AR

2 YRR

3 RESBAEBR

4 R, RF. BRERIEEN

Table 13-1: Size classes of soil structure

Shape of structure

Prismatic and

Size Classes Platy Columnar Blocky Granular
Very fine <lmm <10 mm <5mm <1mm
Fine 1-2mm 10-20 mm 5-10 mm 1-2mm
Medium 2-5mm 20-50 mm 10-20 mm 2-5mm
Coarse 5-10 mm 50-100 mm 20-50 mm 5-10 mm
Very coarse >10 mm > 100 mm > 50 mm >10 mm

BEMEENN T REMKNERESRREMLENED, HEBEED R

ETHHENSREENKDEFTR, BT cperm WRBEDN
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1 R (>150 mm/hr )

2 % - B (50-150 mm/hr )
3 AE (15-50 mm/hr)

4 18 - P& (5-15 mm/hr )
5% (1-5mm/hr)

6 +718 (<lmm/hr)

1995 £ Williams 2 7 5 — N A& -

- f fore - T

KUSLE = f cl-si * 'orge hisand 13.1.5

csand

th:' , fesand *H%?)‘ibﬁi&iii?{%’ﬂﬁlﬂ? cfosi o *Eiﬁi:tiﬁﬁ’ﬂ? ;

forgc TEBVREF ; Thisand : aEPRTEFRMEF,

ERFUHELARAT .
msilt
fearg =1 0.2+0.3-exp| —0.256 - m, - 1——} 13.1.6
100
0.3
fcl—si =( i ] 13.1.7
mc + msilt
£ =|1- 0.25-0rgC _ 1318
orgC +exp §.72-2.95-0orgC
0.7-[1—1”35 j
fo =[1- 13.1.9

hisand
1- M )+exp _551+229.[1- s J
100 100

XAP, me RBEERE 005~2.00mm DR BEIPEE  may NERE
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0.002~0.05mm KRE. AP ESPEBE ; m FRE<0.02mm W LTESSE ;

orgC NELTEHRENHEE (% )

13.1.2 HEHARNEERF

HEBESNENEER T CUSLE RTEVESNIEYRIT R X B L%
B EREMEE ( Wischmeier 1 Smith |, 1978 ) , HE Y RHEMFE, TIE.
BERFAGMHERNERLT , EEDIREN it 5ES KR TIERKE
MHLE , S KEER 1.0, ATHERESSEYE KBNS , SWAT BR
BETEHNARERABNEHEESNENDEERF Cuse
Cuse =exp € €8I Cryc ~exp0.00115-rsdy; +Infugem . 13110
H , Custem NB/MERBENENEER FE | rsdur NUBREYZEZE
( kg/hm? %
/N Cuse A FAI LA B HF T39I Cuse B BT AT AR Arnold et al. ;1995 )
TE

Cusiem =1.463In §iqc o +0.1034 13.1.11

Eﬁ EF' y CUSLE,aa j‘J 7F EE%E%E’J ﬂEiEJ CUSLE EO

13.1.3 REFEERTF

REFEER T Pusie REARFEEN R DBERRESTREVEHE R
RIBRRVLLE  XENRESERSESSHIE. TREIENEH, 5
HENTHEBENERERMEEERIPKLIRANER , EXTEBEENRE
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MRPERNRD  EEFENEEN 3%-8% 2 BN LiIEEER. TRK
EZERBEN Puse BAK 13-2, FRIPEREFHEDH DA EYH
ZHETRTHE , B Pusie BER & 13-3,

Table 13-2: P factor values and slope-length limits for contouring
(Wischmeier and Smith, 1978).

Land slope (%) PusLe Maximum length (m)
lto2 0.60 122

3to5 0.50 91

6to08 0.50 61

9to12 0.60 37

13 to 16 0.70 24

17 to 20 0.80 18

21t0 25 0.90 15

Table 13-3: P factor values, maximum strip width and slope-length limits for contour
stripcropping (Wischmeier and Smith, 1978).

Land slope Pys.e values® Strip width Maximum
(%) A B C (m) length (M)
1to2 0.30 0.45 0.60 40 244

3to5 0.25 0.38 0.50 30 183

6to8 0.25 0.38 0.50 30 122

9to 12 0.30 0.45 0.60 24 73

13to 16 0.35 0.52 0.70 24 49

17 t0 20 0.40 0.60 0.80 18 37
21t025 0.45 0.68 0.90 15 30

'P values:

A: For 4-year rotation of row crop, small grain with meadow seeding, and 2 years of meadow. A
second row crop can replace the small grain if meadow is established in it.

B: For 4-year rotation of 2 years row crop, winter grain with meadow seeding, and 1-year meadow.

C: For alternate strips of row crop and winter grain

BHEAWE E—-RIPKFEE, B/IMERNNEH. TEAERERERK T

+, AEMEEE interterrace area #H[E. steep backslope #H , £F HINE
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FE D

BWEEREME E o Impoundment BHEAG# T HKO,

6 R L3R 90 B 5 46 F K P (RN PR AR 5 Y B) PR BR o 6 FR Y 3SR 0 BRI FR R o
X4 T broadbase #H , KFHEABEREIAER I T —NERRDESR K[
BEE, Steep backslope MHMKFHIRAAERBAERABREST —
frontslope JKEBZ [BIRYEEES

ESHERAN PUSLE BERR 13-4, XLEEFEAT broadbase, steep
backslope # level #H. BRIEER 13-4 PHEREZRHEEX R IMRFIH

B, ATETERKAFERATRENRK , ESFDERK.

Table 13-4: P factor values for contour-farmed terraced fields®

Land Farm planning Computing sediment yield®

slope (%) -
Contour P Stripcrop P | Graded channels  Steep backslope
factor? factor sod outlets underground

outlets

1to2 0.60 0.30 0.12 0.05

3t08 0.50 0.25 0.10 0.05

9to 12 0.60 0.30 0.12 0.05

13t0 16 0.70 0.35 0.14 0.05

171020 0.80 0.40 0.16 0.06

21t0 25 0.90 0.45 0.18 0.06

*Slope length is the horizontal terrace interval. The listed values are for contour farming. No additional contouring
factor is used in the computation.

2 Use these values for control of interterrace erosion within specified soil loss tolerances.

® These values include entrapment efficiency and are used for control of offsite sediment within limits and for
estimating the field’s contribution to watershed sediment yield.

13.1.4 MFEF

WHREF , LSusie , FEAEMHAMFES 22.1m K , 98 % ELVER LT
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BRAMNEES, A F LSuse WITEARMT

LSUSLE = (

I‘hiII

= 1) . €5.41-sin” €, ¥4.56-sincz, +0.065  13.1.12

A, Lnin AWK ; m ARKER; o ARE (AR ); BREHmBOITE

/NG W/ (1N

m=0.6- C—exp | 35.835-slp _ 13.1.13
XA ,slp W HRU KEE , RTNESEHKEKERNES (m/m ). onn M

slp BIXRR :

slp = tan e,

13.1.14

13.1.5 HERRATF

HEFREFITENNT

CFRG =exp€0.053- rock 13.1.15

XA rock NEBREE-BEFNEIEE (%),

Table 13-5: SWAT input variables that pertain to sediment yield.

Variable Name

Input

Definition File

USLE K

USLE_C

USLE_P
SLSUBBSN
SLOPE
ROCK

Kusie: USLE soil erodibility factor (0.013 metric ton m? .sol
hr/(m3-metric ton cm))

CusLemn: Minimum value for the cover and management factor crop.dat
for the land cover

Pusie: USLE support practice factor .mgt
Lhin: Slope length (m) .hru
slp: Average slope of the subbasin (% or m/m) .hru
rock: Percent rock in the first soil layer (%) .sol
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13.2 USLE

RNTHROER , SWAT #iH ¥ A USLE itERRD . XEEEERAS

REBENA, ARANTHR. BRALERKXSGEN(Williams, 1995) :

sed =1.292- El ¢ - Kuee -Custe - Praie - LSuqe - CFRG 1321

RN :sed NEILBED=E ( metric tons/ha ) , EIUSLE 7 EERE IR
( 0.017 m-mettric ton cm/(m? hr) ) , KUSLE JUSLE+ 3 7]t & F(0.013
metric ton m? hr/(m3-metric ton cm)) , CUSLE RUSLEHEHBENMEER ¥ ,
PUSLE RUSLER#EFEMEF , LSUSLE HUSLE#FEF , CFRG HHE

REF, EREFH |, R TEIUSLEA S SRIEZH 2R E LHEE,

13.2.1 KBt HER

Elusle AV EN BRERRUAZ A0 HERBENR, RNEERTERNE

TE , 0D HEFBERTSENZI AR RIEEER,
EIUSLE = Estorm ' |30 13.2.2

X H EIUSLE FEEREMIEFR( 0.017 m-mettric ton cm/(m? hr) ) , Estorm 3
HREMEER (0.0017 m-mettric ton cm/m?) ) , 130 NEHE K305 4 EFHEE

( mm/hr) o

MEENERENKRNENRBENEE. RNERNMANBE, Bt
RIRTHEREENDHNEL, RiEFEERENBNZCRERD T
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=1, -exp(— kL.J 13.2.3
XA it AEZIHIFRREERE (mm/hr ) ,imx ARABERBEE( mm/hr) ,t h
BHEl (hr) , ki WEERBEENERELR (hr).

USLE sEE RN :

E. =AR -(12 1+8.9-log {AR"*‘VD 13.2.4
storm day ' ' 10 At e

RH : ARday HFERTEIEIFREAKMERE (mmH0 ) , At JEEIER (hr).

X—FRENEAERXN
Eom =121 [i,dt+8.9 fi log,, i.dt 13.25
0 0

FHR 1325 ELHR 1323 BE&H RS , IGMEHEBRNEENGRE

R _ )
E. =—% . ¢2.1+89. —0.434 13.2.6
storm 1000 ( @glo lnx — )

XH :Rday NEEHIBEKE( mmH,0 ) ,imx RFERAEREEE ( mm/hr)o,

ATHERKERBE |, imx , §AHRE13.23R 2B

R K 13.2.7

day — o

gl

R, = Ry -(1—exp[— kiD 13.2.8

A :Rday NERLLBBIFEKE( mmH0) ,imx NE&RKXEREREE ( mm/hr) ,
ki WERBENREER (hr) , Rt ANBEEBRNAERE (mMmHO0) ,
t NETEERE (hr) o WE-FBKEHNERENIERN

13.2.9

Ros = %5 Rday
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AHF : RO5 FRAEPEER (mm HO0) |, 005 BA¥/DEEROGERLA
RO 8K , Rday REHRLBIEAKE (mmH,0) . a0.5K T EESEMEER
TTINE, FHEL3.29M13. 2.7 AR HFTE13.2.8% | A AR BB H AR REE

E

i =2 Ry - INC= a5 13.2.10
XA imx RNEKEFBEE ( mm/hr) ,Rday F#EL B HIEKE ( mm H,0)
05 BA¥/NINEROELBERNS .

RA 30 THHERBER

lyp =2+ g5 Ry, 13.2.3
XA ;130 AR AI0D4HEREE (mm/hr) |, a0.5 ERARE/NEFEER SER
HEMRNZE , Rday AELLBHEKE (mmH0) .

Table 13-6: SWAT input variables that pertain to USLE sediment yield.

Input
. L File
Variable Name  Definition
USLE K Kusie: USLE soil erodibility factor (0.013 metric ton m? .sol
hr/(m3-metric ton cm))
USLE C CusLemn: Minimum value for the cover and management factor crop.dat
for the land cover
USLE P Pusie: USLE support practice factor .mgt
SLSUBBSN Lyin: Slope length (m) .hru
SLOPE slp: Average slope of the subbasin (% or m/m) hru
ROCK rock: Percent rock in the first soil layer (%) .sol

13.3 HEAENM

ERNERNERREIEENEBENERA TR2EMER.HRUPEEES

BIBTER , SWAT KA THARMBERITE :
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sed = L 13.3.1

3-SNO
oXP 25.4

XA :sed AELLBEADFE ( metrictons ) , sed’ KA MULSE it E 15

W& (metrictons ) , SNO AMEHRHEKE (mmH0) o

13.4 HMRFRF E@iﬁs)‘?ﬁi&

ERNFHRE SOREES 1 X R D RBRFH A FAE, SWAT

ZRIBRBRAOX —HFH , A FthREBERV PO LERH ATNE, T
BRHPHEDBEHEER,

—BHE T i REBRWED AR , #FATTERRDRATRITE :

sed = (ed'+sedstor|_1/[l— xp{ surlagD 13.4.1

XA sed AR B A E BRI B( metric tons ) ,sed” I RAMULSE
TTERRD 8 ( metric tons ) , sedstor,i-1 88l — K 1FE MR E R B P By
e (metric tons ) , surlag A FRZFRIEIRRE , tconc HHRURYLTRET [E]

(hrS)o

512 1341 EFH’gi%ﬁiﬁ(l—exp{_SurlagDi‘%i‘xffﬁTL‘iEli&)kiiﬁji%ﬂ’ﬂ

conc

EDHEERDIFENTH. B 13-1 BRTX—REXERE surlag A teonc

BENE.,
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fraction of surface runoff storage reaching stream

time of concentration (hours

Figure 13-1: Influence of surlag and t,. on fraction of surface

runoff and sediment released.

BLEE , W THEEMCLRATE | surlag ERELSHEZRAFEERBA,

Table 13-7: SWAT input variables that pertain to sediment lag calculations.

Input
. o File
Variable Name Definition
SURLAG surlag: surface runoff lag coefficient .bsn

13.5 Ul E M T &5 R IED

SWAT AV ERM e T ERFEHFIRDHEATE , TELRNR

_ Qlat + ng /.area'hru * COI’]CSEd

ot = 135.1
1000

sed

A : sedlat M @R AN R RRIEAD A ( metric tons ) , Qlat REHLA

MEFRE (mmH,0) , Qow AEL A TEFRE (mmH,0) , areahru 1

HRUBYTETR ( km?) , concsed Jofll @57 At FRFRAIEIARE (mg/L ) »

Table 13-8: SWAT input variables that pertain to sediment lag calculations.
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Input
. L. File
Variable Name Definition
LAT _SED CONCsq: Concentration of sediment in lateral and groundwater flow .hru

(mg/L)

13.6  NOMENCLATURE

Custe  USLE cover and management factor

Cusie.aa Average annual C factor for the land cover

CusLemn Minimum value for the cover and management factor for the land cover
CFRG Coarse fragment factor

Eqorm  Total storm energy (0.0017 m-metric ton/m?),

Eluste Rainfall erosion index (0.017 m-metric ton cm/(m2 hr))

I3 Maximum 30 minute intensity (mm/hr)

Kuste USLE soil erodibility factor (0.013 metric ton m? hr/(m>-metric ton cm))
Lhin Slope length (m)

LSuste  USLE topographic factor

M Particle-size parameter for estimation of USLE K factor

OM Percent organic matter (%)

Puste  USLE support practice factor

Qgw Groundwater flow for a given day (mm H0)

Qlat Lateral flow (mm H,0)

Qsurt Surface runoff volume (mm H,O/ha)

Raay  Amount of rainfall on a given day (mm H,0O)

SNO  Water content of the snow cover (mm H,0)

arean, HRU area (ha or km?)

Coerm  Profile-permeability class

Csoilstr  S0il-structure code used in soil classification

concsg Concentration of sediment in lateral and groundwater flow (mg/L)

fosi Factor that gives low soil erodibility factors for soils with high clay to silt ratios

fesana  Factor that gives low soil erodibility factors for soils with high coarse-sand
contents and high values for soils with little sand

fhisana  Factor that reduces soil erodibility for soils with extremely high sand contents

forge Factor that  reduces soil erodibility for soils with high organic carbon content

imx Maximum rainfall intensity (mm/hr)

ir  Rainfall intensity at time t (mm/hr)

ki Decay constant for rainfall intensity (hr)

m  Exponential term in USLE LS factor calculation

m. Percent clay content (< 0.002 mm diameter particles)

ms Percent sand content

msii; Percent silt content (0.002-0.05 mm diameter particles)

myss Percent very fine sand content (0.05-0.10 mm diameter particles)

orgC;, Amount of organic carbon in the layer (%)

Qpeak  Peak runoff rate (m%s)
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rock  Percent rock in soil layer (%)

rsdsur  Amount of residue on the soil surface (kg/ha)

sed Sediment yield on a given day (metric tons)

sedi;:  Sediment loading in lateral and groundwater flow (metric tons)
sedsiori-1 Sediment stored or lagged from the previous day (metric tons)
slp Average slope of the subbasin (m/m)

surlag Surface runoff lag coefficient

t  Time (hr)

tconc TIme of concentration for a subbasin (hr)

a5 Maximum half-hour rainfall expressed as a fraction of daily rainfall
oiin Angle of the slope
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141 HEIED

FEIEE PH TAZRLIELHNYWESASRAE , LSRAE T , MHEKRLE , B
ERERREAMNN FREERF, X—HEFEAN AR NAE FREHF.

HTNMAE RS, AEFESTIYRERLIXEEF, -T2
NEEFELTEPHRBEEENTE , BHX—SBE R FHEER
ETRKDEH RGNS ( TEBNREMIL ) . XL, BEFELER
P ERRELERE DERIEIARA THEBREZEE (Thomas and
McMahon, 1972).

HIRI AT AERER, MERISFIBEFEB. NITEBEKDZED)
MHERLEE  FEUTEEAHKPFHERERE, X—RERATEREF
EHHKE , AUEILEHRANHERILEE.

EEHHKPHERLRE , XA TRITE

—W._ .
NO . mobile
3Iy eXp|: (_ ee )SATIy }

CONCy\o 3 movite = W 14.1.2

mobile

I A : concNO3,mobiley /& B Bk EHER LR B (kg N/mm H,0) , NO3ly
RNEEFHHEBREESE (kg N/ha) , wmobile AEZEHH (mm H,0) , 6e H
HF R AR 28, SATly

HEEHRAMEKE (mm HO ) o TEFHEBEKENRKOERER.

MERMZRE
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w = Quut + Qrarty T Wperc sy for top 10 mm 14.1.3

mobile

Wogsite = Quaty + Woero iy for lower soil layers ~ 14.1.4
XA Wnorie N T EHHEBAKE (mm H0) |, Qsurf HiREFFRE (mm
H,O ) , Qlatly JEAMIERMNEEHEMEIKE (mm H,O ) , wperc,ly 1354
BRARINTEHEMEIKE (mmH0 ) . RFALUEHRIOMMEEFH
BEFRYRRMANEE,
M REFR P MBI HERLE N

NO3surf = ﬂNOS * CONCyo 3 mobite 'qun‘ 1415

A - NO3sur At RBFRMBHHEELL: (kg N/ha) , PNO3 RIEEELL SR
R, concNO3,mobiley £/2 B KRB KR E (kg N/mm H,0) , Qsurf
NLRERE (mm HO ) . HERLESRFRENERERFNVERLRES
BIRFIREN D 8o

Ml ra) 57 B Y R £

N031at,|y = Bros * CONCyo 3 maite 'Qlat,ly for top 10 mm 14.16

NO3,;,, = CONCyo 3 movite * Quat.iy for lower layers ~ 14.1.7
A : NO3latly RN ERHBEEEL: (kg N/ha) , BNO3 AiEHERLL 2R
¥, concNO3,mobiley /& B Bk B B B£8R B (kg N/mm H,0) , Qlat,ly
RMERE (mmH0 ) .
BEBRATELERBNHREE

NO3perc,Iy = CONCyo 3 mabite * Wperc ly 14.1.8
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A : NO3percly ABEEZRE TELEMBHOHEKIEE (kg N/ha) ,
concNO3,mobiley + /& B K P A BEER £k )R B (kg N/mm H,0) , wperc,ly 71i&

RETELZEHKE (mmHO),

Table 14-1: SWAT input variables that pertain to nitrate transport.

Input
. A File
Variable Name  Definition
ANION_EXCL 4. Fraction of porosity from which anions are excluded .sol
NPERCO Pos: Nitrate percolation coefficient bsn

142 WRERPHEINE

MEETERNHNENETTLUES b RBRBBH A FNE, X
FEANABEESHRUREDMRIBRRE—E , Ktk EN ARG AU RBIE
DAFRNE, BEEDATRMBHEATENEIEE , XAMCEloy et al.

(1976)FF & H EaWilliams and Hann (1978)8 IE MY A TR ER BURITE -

sed
=0.001-conc,yy *———* Enea 14.2.1

orgN
area,,

surf

A :orgNsurf A RBFRABH AT TENEYEE (kg N/ha) ,
concorgN i FR10mmEEFHENERE (g N/ metric ton soil ) , sed A
Bl BRI & ( metric tons ) , areahru AHRUMIER ( ha ) , eN:sed R
AEERK.

RTEREHRKRE |, concorgN , BitELARXR :
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6rngrsh,surf +OrgNsta,surf +OrgN
Py depthsurf

A : orgNfrsh,surf Jafresh organicEE A& IE TR I10mmAA K E ( kg

act,surf _

conc =100-

o 14.2.2

N/ha ) , orgNsta,surf AIRSENEPREMFRIOMMPHE (kg N/ha ) |,
orgNact,surf JSEMBHERFERIOMMPHE (kg N/ha) , pb HE—

BLEANBIRBZE (Mg/m®) |, depthsurf NEXRTERFRE (10mm) .

1421 EHERH
W RERRLTERE , HoKERARGE LEHN. MINRE , &
HBNAZAE, HBELINIEMNNES HELRREMAUNED B
g, EATTERRDP R EINENLARS. BRIUFER , BAAENE
ITRNEEEFER. TEPNENEETERMERR (FL ) BN, HLLER
DREHNENERERERTER NS,
EERBEANRANFHPENARESHRIEPENERENLL
Bl, SWAT 2UEB-—XARMEHNEERY , IELTHFENLBEENE
NAEERK. ATIHEEERE , SWAT XA T Menzel (1980 ) EXNE
ERBERDIREFENHRR, ARITESREREHPINEEERY,
eN:sed , BITREN

0.2468

sed ,surq _~

£y =0.78- €onc 14.2.3
P : concsed,surq A RBFABIRE (Mg sed/m® H,0 ) » HERZEFR S

TRVREUTEANA -
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sed
10-area,,, - Qg

conc 14.2.4

'sed ,surq =

A :sed RELLHBED ™= & ( metric tons ) ,areahru FHRUKEH ( ha ) ,

Qsurf NELIAMREZRE (mMmH0 ),

Table 14-2: SWAT input variables that pertain to organic N loading.

Input
. — File
Variable Name  Definition
SOL_BD pv: Bulk density (Mg/m®) sol
ERORGN &n:sed: Organic nitrogen enrichment ratio .hru

14.3 BRABNIZEZ

TERTENBEHIE N B F N BB RPHE FXIREREH

N, EEEENIE, ATARPHRAEEYE , #REBERIAESMHR 10mm
R ER D BRI B, HRBEFRABHARBR

I:)solution surf * qurf
Psun‘ — i 14.3.1

Py -depthy Ky g
A : Psurf #h3FRB 7 5B YR B (kg P/ha) , Psolution,surf 3 i FR10mmH

BB (kg P/ha) , Q,surf JEHL BBt RZBFRE(mm H.0) , pb AE—
B TENBRBZBE( Mg/m®) ,depthsurf NERTZHRE( 10 mm ) ,kd,surf
FBHLBESBERB( MM ) » BB BERECH LBIOMm AT B EBIHRE
Sty RER P 0B EBHRER LB,

Table 14-3: SWAT input variables that pertain to soluble P runoff.

Input

Variable Name Definition File
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SOL_BD pv: Bulk density (Mg/m®) sol
PHOSKD kqsuri: Phosphorus soil partitioning coefficient (m*/Mg) .bsn

14.4 REFM R HETED LB YA TCHL B

R B £ £ 3B AR E B B AL A AL B o] BURT i REB R M B E 8, XM

XN BBEESHRURDED AR E—E , R AV AR T SR BRED
AR EC, BERD AT RMBH ATENEYBE X AMCcElroy et al. (1976)
F & F B Williams and Hann (1978){§ EM AR B ERiT &

sed
sedP,,; =0.001-conC yp - —— Ep.oeq 14.41

area,,
A sedPsurf J9BEJED 4 1t 7= 25 i % £ =508 Y 83 2 (kg P/ha) , concsedP
79 1th 2= 10TET 35 A O B 7 - SRR _E B9 B (g P/ metric ton soil) , sed F#EHL BB
JEXDT= & (metric tons) , areahru
FHRUKMER (ha) , eP:sed NBEEERH,

3 2R W% B 1E IR ERIBERE | concsedP , A :

6“nl:?act surf + mInPta surf + OrgPhum,sun‘ + Org Pfrsh,sun‘ _
Po - depthsurf

X : minPact,surf i R 10mm L B & 5E M B YL E S 8B (kg P/ha) |

1442

conc,,, =100-

minPsta,surf & 10mmt/ZEFRSFTHEFRBBE(kg P/ha) , orgPhum,surf
AFRIOMMEEFRERENEPHBi(kg P/ha) , pb NE—EBLEHENR

ZE (Mg/m®) , depthsurf HERLEHRE (10mm) .
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1441 EERM
BEERBENARDARHBHNRES R EPBAREN LS, SWAT
2UEEB-RENSHNEERY IEARA AP ENEENBRNEERY
RNTIHEEERS , SWAT XA 7T Menzel (1980 ) EXMEERBE DR
EFENBXR. ARITEBRENSHTINEETERY , cPsed, WHE
N

Epey =0.78- €oNCyy o 02 14.4.3

sed ,surq _~

A : concsed,surq FRFBFFIEBAKRE (Mg sed/m® H,0 ) o REFRF
TEDRETELRR :

conc = sed 14.4.4

'sed ,surq 10 . areahm . qurf

R :sed FNAELL B BYEAD T & ( metric tons ) ,areahru HHRUKEF( ha ) ,

Qsurf AL AMRERE (mMmH0 ),
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Table 14-4: SWAT input variables that pertain to loading of P attached to sediment.

quut
Variable Name  Definition File
SOL_BD pv: Bulk density (Mg/m?) sol
ERORGP &:seg: PhOSphorus enrichment ratio hru
p
14.5 My IREEFRAM @5 P N EFYWIEER
ERWFRE , JC7RATEES , RE—Z 0t REFRFM [@) FBE A 50

B, SWAT ZEZRBRAX 4354 , A FHRBFRNNEFRHN —F o0 HE
B AEE, wRERMNERPHEFYREBERFLER,
—BEEETHREBRMUERNEFRYASR , #HAZTENEFTYWEA

TRITE :

NO3,,, = €03, + NO3,, 1/[1 exp{_surlagD 1451

conc

-1 14.5.2
TTIat

orgN,,, = €rgNy,; +orgNy, 1/[1 exp{—surlagD 14.5.3

conc

Noaat (\IO3lat + Noaats’[or,i—l :{l - eXp|:

I:)sun‘ = S:Jl‘f +Pstor| 1/[1 €X p|: Surlag:D 1454

conc

sedP,,, = €edP,,, + sedP,, 1/(1_exp{—surlagD 1455

conc

A NO3surf NEHLL B B REFRMBEA T TERNHRKRIEE (kg N/ha) |

NO3.,, RIELL BHRUR 7= 4 ith R A2 P RV BB £k 2 (kg N/ha) ,NO3surstor,i-1
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Bl — RIF6E AR 1Y 3 REB R P A ER £h 2 (kg N/ha) ,NO3lat &L B i
M /57 s A i N SR B A R BR £h &8 (kg N/ha) , NO3!, R B HRUA = 44U
B 57 F Y B EREE B (kg N/ha) , NO3latstor,i-1 3 B — R A7 R HER A [ 37
R T ERth 2 (kg N/ha) , orgNsurf 2l B it RB R BH A EENE
MEE(kg N/ha) , orgN,, FEMBHRUFF £ RBEFRFHENAE (kg
N/ha) , orgNstor,i-18 81 — RF M HIER A b RFBFRP A BEHLEE (kg N/ha) |

Psurf NiEHL B A RBRABHE A EENBRBE (kg Pha) , P, A&
L BHRU A 7= 4 1t R B AP Y8 R B & (kg P/ha) ,Pstor,i-1  AET—RFMH
HER A9 3t R AR P AR B (kg P/ha) |, sedPsurf  RAEHL A R RBF 0B
A B Y IR M A BE R (kg P/ha) , sedP!. ARl A HRURR = 4 it R R
B TR M ABEE (kg P/ha) , sedPstor,i-1 A EI—RIZERIEB N ERBTRF
% B ASBEE (kg P/ha) , surlag A b RBTRIER REK , tconc FIHRUKLCFRAET

B (hrs) , TTlag RAMEREEEH (days) o

Table 14-5: SWAT input variables that pertain to nutrient lag calculations.

Input
. N File
Variable Name Definition
SURLAG surlag: surface runoff lag coefficient .bsn
LAT_TTIME TTyag: Lateral flow travel time (days) .hru

14.6 N OMENCLATURE

NO3Sya,y Nitrate removed in lateral flow from a layer (kg N/ha)
NO3/, Amount of lateral flow nitrate generated in HRU on a given day (kg N/ha)

lat
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NO3jasstor,i-1 Lateral flow nitrate stored or lagged from the previous day (kg N/ha)
NO3j,, Amount of nitrate in the layer (kg N/ha)

NO3percy Nitrate moved to the underlying layer by percolation (kg N/ha)

NO3sut Nitrate removed in surface runoff (kg N/ha)

NO3. . Amount of surface runoff nitrate generated in HRU on a given day (kg N/ha)

surf
NO3surstori-1 Surface runoff nitrate stored or lagged from the previous day (kg N/ha)
Psotutionsurf Amount of phosphorus in solution in the top 10 mm (kg P/ha)

Pswori-1 Solution P loading stored or lagged from the previous day (kg P/ha)
PsurrAmount of soluble phosphorus lost in surface runoff (kg P/ha)

P! Amount of solution P loading generated in HRU on a given day (kg P/ha)

surf
Qlat Lateral flow from soil layer (mm H,0)

Qsurf  Accumulated runoff or rainfall excess (mm H,0)
SAT)y Saturated water content of the soil layer (mm H,0)
TTiag Lateral flow travel time (days)

arean, HRU area (ha)
CONCnoszmobile  CONcentration of nitrate in the mobile water for a given layer (kg N/mm
H,0)

concergn Concentration of organic nitrogen in the soil surface top 10 mm (g N/ metric ton
soil)

CONCsed,surg CONcentration of sediment in surface runoff (Mg sed/m® H,0)

concsegp Concentration of phosphorus attached to sediment in the top 10 mm (g P/ metric

ton soil)

depthgut Depth of the “surface” layer (10 mm)

kesurt  Phosphorus soil partitioning coefficient (m*/Mg)

minPae 1y Amount of phosphorus in the active mineral pool (kg P/ha)

MiNnPs 1y Amount of phosphorus in the stable mineral pool (kg P/ha)

orgNacty  Nitrogen in the active organic pool (mg/kg or kg N/ha)

orgNrsh.surf Nitrogen in the fresh organic pool in the top 10mm (kg N/ha)

orgNsw 1y Nitrogen in the stable organic pool (mg/kg or kg N/ha)

orgNswri-1 Surface runoff organic N stored or lagged from the previous day (kg N/ha)

orgNsys Amount of organic nitrogen transport to the main channel in surface runoff (kg
N/ha)

orgN.,,, Amount of surface runoff organic N generated in HRU on a given day (kg

N/ha)
orgPsshyy  Phosphorus in the fresh organic pool in layer ly (kg P/ha)
0rgPhum1y Amount of phosphorus in humic organic pool in the layer (kg P/ha)
sed  Sediment yield on a given day (metric tons)
sedPsior,i-1 Sediment-attached P stored or lagged from the previous day (kg P/ha)
sedPs,rr Amount of phosphorus transported with sediment to the main channel in surface
runoff (kg P/ha)
sedP,, Amount of sediment-attached P loading generated in HRU on a given day (kg

P/ha)
surlag Surface runoff lag coefficient
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tconc Time of concentration for a subbasin (hr)

Wmobile Amount of mobile water in the layer (mm H,0)

Wpercly Amount of water percolating to the underlying soil layer on a given day (mm
H.0)

Bnos  Nitrate percolation coefficient

6 Fraction of porosity from which anions are excluded
ensed  Nitrogen enrichment ratio

grsed  Phosphorus enrichment ratio

M Bulk density (Mg/m®)
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REBF M ETRAKEN AR R T BN CNRUI RN SRS
R, IZHRBHAFRHEADRMAKELFEXNKREEMEENRML , £
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MNZZ HFE. SWAT FRREBFIBBELIREB EPIC(Williams, 1995),
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151 REFHHEDH

TERAERNRBH ATUEBRBRREMHERY Lk, XoEBRRMLEME

YR BFES R BH N DRERMRBKREL . TERM RN ELRSE
AP R R RFFR B B R R SR AR R R BARE R LA

K, = oshae 15.1.1
" Couton
X Kp JEEIRE R ER((mg/kg)/(mg/L) or m*/ton) , Csolidphase 3 % Fff 1E
R #H B9 5% B FK B (mg chemical/kg solid material or g/ton) , Csolution J &R
f 9 2% 75K B (mg chemical/L solution or g/ton). 77 #215.1.1% E X #Y L TR
MRBBRRREFRMIERSRERLMNXR , AR AE,
AARBHNEX D ELEDEVYSEEX , SR A AN DRRHRK
NENBRSEIE -1, WM RBAX B 1T)3 —L/EH TR R
BHIRERR -

orgC

K, = Koc :
P 100

15.1.2
XA Kp HHERM R ((mg/kg)/(mg/L) or m¥ton) , Koc X4 A HlER#E 1T

I3 —1b fE Y L R Y =B ((mg/kg)/(mg/L) or m*fton) , orgC I LA A Ak

Heim

Eh-1

o

Table 15-1: SWAT input variables that pertain to pesticide phase partitioning.

Input
. A File
Variable Name  Definition
SOL_CBN orgC,: Amount of organic carbon in the layer (%) .sol
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SKOC Koe: Soil adsorption coefficient normalized for soil organic pest.dat
carbon content (ml/g or (mg/kg)/(mg/L) or L/kg)
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15.2 BRESRBERNIEZED

BRSH R B AT SARE R EBR, MERMZREE. ATERERRBHN

f

BERSKRER  SBEEPRBHNZTCESHRENEREEX

dpSts Iy

=0.01-C 15.2.1

solution * Wiobile

XA pstsly HEEFRBFAIE (kg pst/ha) , Csolution J A& #Y 5= B
R E(mg/L or g/ton) , wmobile R #&#L B 9 B Bk E&(mm H,0)e TEFHBEH
KENBEIHWREZR, MERAERMEAHKE :

Wmobile = qurf + Qlat,sun‘ + Wperc,sun‘ for top 10 mm 15.2.2

Wibite = Qlat,ly +Woere for lower soil layers 1523

XA Wiore N T EHHEHAKE (mm H0) |, Qsurf HiREFFRE (mm
H,O ) , Qlatly JEAMIERMNLEHEMEYIKE (mm H,O ) , wperc,ly J33A
BRARNNLIEEEOHEKE (mmH0 ) . #HRFEAUSHRI0mmEEFH
BEFRYMRRMANEE,
TERHHNERAHENRMSMBHESZM
pst,, = 0.01- € i0n - SAT,, + Cogonaee - 25 - depth, 1524

XA pstsly TEFHIREFIE (kg pst/ha) , Csolution AR H B BFK
& (mg/L or g/ton) , SATly HBFREZ T LEE/KE ( mmH,0 ) , Csolidphase

R E A P YR RFKRE (mg/kg or glton) , pb REEHNBRRE
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(Mg/m®) , depthly N XBERE (mm ), F5515.1.1FEER#E , Csolidphase ,
FHIHERAL5.24%5 .

pst

s, ly

=0.01- csolution : SAle + C:solution : Kp Py depthy, 15.25

HEXEETS

Csolution = pSts,Iy 15.2.6
0.01- €AT, + K, - p, - depth, _

EX&HTE 1526 f 15.2.1 18 :

dpSts,Iy _ psts,ly * Winobite 1527
dt  €AT, +K, - p, -depth, o
Mo FE 152715 :
—W_ ..
st.,.. = pst,  -ex mobile 15.2.8
p s,ly,t p s,ly,0 p GATW 4 Kp . pb . depthlyj

A psts,ly,t AR E PRI RRFZE (kg pst/ha) , pstsly,0 IEEHH]
AR BT EE (kg pst/ha) ,SATly REFMRSTELEEKE(mmH,0) Kp I
+ 3R B R B ((mg/kg)/(mg/L) or m/ton) , pb 7+ E I BIREE Mg/m®) ,

depthly AERRE (mm) .

NTUHEBRRERNBRSRERN FREHNSGLSEHDHKREEPRES !
—W_ ..
Stiow = PSte o | 1—€X il 15.2.9
psty p ly, [ p|: eAle + Kp e .depthly J]

XA pstilow BRERRRE (kg psttha) , HERERSRIETRHE X
L

EEHBEKPREFARERATAITE
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p flow/Wmoblle
=min 15.2.10

pst., /100.

conc

pst, flow

sol

A : concpst,flow 9 B HKHRBFIHRE (K pstthamm H,0) , pstflow 79

BHRFPEBRIREFIE (kg psttha) , Wmeie § TEFHBEHKE (mmH0) |,
pstsol RBFIEKFHABEE (mg/lL ) »
FREFBEEREATELENE !

pst 15.2.11

perc,ly — Concpst,flow ' Wperc,ly

XA pstperc,ly FREBFEIZIRH AT ELIERE (kg pst/ha) ,concpst,flow
N+ B BlEAKPRBEFRE (kg pstthamm H,0) , wperc,ly B RHEATE
TENBHKE (MmHO),

B M EDRM L E P EERAVR B E

PSt g = ﬁpst - CONCpq fiow *Qlat surf for top 10 mm 15.2.12

PStia 1y = CONCoy fiow " Quarty for lower layers ~ 15.2.13

XA :pstlatly AW EFRMNLE P EBREI R BT E (kg pst/ha) , Bpst 9% R

BIRAR, concpst,flow FELEHRBHKFREFIKE (kg pstthamm H,0) ,

Qlatly ALXEH~EMMEFRE (mm H,0) o REFBRRBATFRAFIE

B RER, R10mmLE RN ERFHREFRESERFREN D B
RERERARBHE

pStsurf = ﬂpst : Concpst,flow : qurf 15.2.14
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A : pstsurf 79 i "B EBRIY R BF & (kg pst/ha) , concpst,flow FEEF

B HAFPREFRE (kg pstthamm H,0) , Qsurf AELI =L HERERE

(mmH0),

Table 15-2;: SWAT input variables that pertain to pesticide transport in solution.

Input
. . File
Variable Name  Definition
SOL_BD pv: Soil bulk density (Mg m™) sol
WSOL pstsor: Solubility of the pesticide in water (mg/L) pest.dat
PERCOP LBost: Pesticide percolation coefficient Jsn
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15.3 BHESREFNEE

W B F L IRBALAY R BF AT LB s RER M BEATE, EHEPHRE

FE HRU KR A faiEx , TSR BT AR T/ A AR R D 5 &
WML, D ARRBH ATERRRFE , XA McElroy et al. (1976)FF
& 3 H Williams and Hann (1978)& [E MY AR BN BSRiT & -

sed

; &
solidphase st:sed
P area,, "

A opstsed B RB R @B A ETEBREF E (kg pst/ha)

pst,, =0.001-C 15.3.1

Csolidphase FtthFR10mm*EH R EF AR E (g pst/ metric ton soil) , sed H

Bl B =& ( metrictons ) , areahru

AHRUMER (ha) , epst:sed REFIEERK,
TRPRBHEERNRMSHNBFESREFNNER

pst sly — 0.01- csolution ’ SATIy + Csolidphase Py depthy , 1532

XA :pstsly TEFRBFEE (kg pst/ha) , Csolution BiR PR EFRE
(mg/L or g/ton) ,SATly FHMFRE T EEEKE( mmH,0 ) ,Csolidphase 79
% Bf #E [ 4B 7R B9 38 R FR BE (mg/kg or glton) , pb B+ EHBRBZEMg/m®) |
depthly REERE (mm ), FHEI5.11EERM |, Csolidphase , FHIFEHAK

A15.2.478 :

Csolidphase
pst,,, =0.01- K - SAT, + Cgigpnase * Pp - dePth, 15.3.3

p
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100-K_ - pst
p p s,ly 15.3.4

C._. =
solidphase GATW + Kp . pb . depth,y )

A : Csolidphase 79 U Fff 7E B #8 A B9 3% B3R B (mg/kg or g/ton) , Kp Rt
3% 0R Bt R B ((mg/kg)/(mg/L) or mPfton) , psts,ly A TE R R BH S & (kg
pst/ha) , SATly FMEFRSTLEEKE (mm H,0) , pb AELEHNBERE

B (Mg/m®) , depthly I EERE (mm) .

1531 EERH
L RBEFRRAL MR , BAKEEARBBLETN. MIRRE , ®E
BHRAZ B, ABEDHLBEFRNED F 5 TBERETR RS L
B, #ATTENRDFHRINBHLLARE, RAER , BOAENEL
HEZEEM, TEFHRHSREFNEERMERR (L) B, Rit
ERDARFHRMSREFRERERLEPIRE.

EERBENN R AP RMSREBEFRES R EFRHSRE
FIRENLESl, SWATRTHES - XERBHNEERY , AIBATAPE
NEENENAEERK. N TIHESERE , SWATRHA T Menzel (11980 )
EXNEERBERDPREFENHERR. ARIUTESREFSHTINEE
ERB, epstised , WHER -

, =0.78- €onc,, . X

sed ,surq _

gpst:se 15.3.5

XA : concsed,surq FEREZFHRARE (Mg sed/m® H,0 ) o REFRA

TVREUTEANA -
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sed
10-area,,, - Qg

conc 15.3.6

sed ,surg =

AN :sed RELLH BN & ( metric tons ) ,areahru IHRUKEH ( ha ) ,

Qsurf AELIAMWRERE (mMmH0 ),
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Table 15-3: SWAT input variables that pertain to sorbed pesticide loading.

Input
. . File
Variable Name  Definition
SOL_BD pv: Bulk density (Mg/m?) sol
PSTENR Enst:sed- Pesticide enrichment ratio .chm

15.4 HbFREFBARAM B+ H’J%EE?HJEE\.

ERWFHRE , DREEE 1 X, RE—%0 R AM @) 7Bt A F 50

B, SWAT ZRE I RFBRVX—45MH |, A FRERIMN O 57 H o HE
IR A EE, i&i’%)}lh%ﬂﬂ]r_]uu,':F'E"J%%E?f'J‘mﬁﬁéﬁﬂo

—BEE T HRERMNCRNEFYRE , FAFENRETXA

LEEE
pS surf ()Stsun‘ + pStsurstor i— 1:[1 exp|:_ Surlag:|j 1541
-1
pStIat 6Stlat + pstlatstor i-1 /(1 eXp|: :|] 1542
TTIat
p sed ()Stsed + pStsedstorl l/(l exp[_surlag}] 1543

A cpstsurf A pstsurf AIEEL B Bt RFR BB A TTERRRBHE
(kg pst/ha) , pst. . REEBHRUPF=E R FRPHRRFE(Kg pst/ha) ,

pstsurstor,i-1 Bl — K EFEM RIER At RBFRH AR B E (kg pst/ha) ,
pstlat &L B B BT A BH A ETERNRBFIE (K9 psttha) , psty, FE
L B HRU AR 7= 4= U /& 575 AR Y 5% S5 & (kg pst/ha) |, pstlatstor,i-1 9 & — K17

R EEIR B9 [ 7R AR B9 SR BT & (kg pst/ha) , Pstsed RIE#L A HiREFREB
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A ESTE M R B & (kg psttha) , pst,, AEIBHRUF =4 i R EZ R
R B & (kg pst/ha) , pstsedstor,i-1 79 8 — RFFE REEE #Y i /B R P RIR R
F & (kg pstha) , surlag i REFRIER R , tconc JHRURY LAY [
(hrs) , TTlag AMEFREBEH (days) o

Table 15-4: SWAT input variables that pertain to pesticide lag calculations.

Input
. o File
Variable Name Definition
SURLAG surlag: surface runoff lag coefficient .bsn
LAT_TTIME TTa: Lateral flow travel time (days) hru

15.5 NOMENCLATURE

Csoligphase Concentration of the pesticide sorbed to the solid phase (mg/kg or g/ton)

Csolion  Concentration of the pesticide in solution (mg/L or g/ton)

Koc  Soil adsorption coefficient normalized for soil organic carbon content (ml/g or
(mg/kg)/(mg/L) or L/kg)

K, Soil adsorption coefficient ((mg/kg)/(mg/L))

Qiat Lateral flow from soil layer (mm H,O)

Qsut  Accumulated runoff or rainfall excess (mm H,0)

SAT),  Soil water content of layer ly at saturation (mm H,0)

TTiag Lateral flow travel time (days)

areany, HRU area (ha)

CoONCpstiiow Concentration of pesticide in the mobile water (kg pst/ha mm H,0)
CONCsed,surg CONcentration of sediment in surface runoff (Mg sed/m® H,0)

depthy, Depth of the soil layer (mm)

orgCyy Amount of organic carbon in the layer (%)

pstaow Amount of pesticide removed in the flow (kg pst/ha)

pstiatty Pesticide removed in lateral flow from a layer (kg pst/ha)

pst,, Amount of lateral flow soluble pesticide generated in HRU on a given day (kg

pst/ha)
PStiasstori-1 Lateral flow pesticide stored or lagged from the previous day (kg pst/ha)
PsStoerc,ly Pesticide moved to the underlying layer by percolation (kg pst/ha)
psts;y  Amount of pesticide in the soil (kg pst/ha)
pstses  Amount of sorbed pesticide transported to the main channel in surface runoff (kg
pst/ha)
pst,, Sorbed pesticide loading generated in HRU on a given day (kg pst/ha)
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PStseastori-1 SOrbed pesticide stored or lagged from the previous day (kg pst/ha)

pstsor  Solubility of the pesticide in water (mg/L)

pstsurt  Pesticide removed in surface runoff (kg pst/ha)

pst. . Amount of surface runoff soluble pesticide generated in HRU on a given day (kg

surf

pst/ha)

PStsurstori-1 Surface runoff soluble pesticide stored or lagged from the previous day (kg

pst/ha)

sed Sediment yield on a given day (metric tons)

surlag Surface runoff lag coefficient

tconc Time of concentration for a subbasin (hr)

Wmobile Amount of mobile water in the layer (mm H,0)

Wperc,ly Amount of water percolating to the underlying soil layer on a given day (mm
H.0)

Pt Pesticide percolation coefficient
Spstsed  Pesticide enrichment ratio

M Soil bulk density (Mg m™)

pw Density of water (1 Mg m™)
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$ 16 E AR KRS

BRTEY., EFYWREAMARBHIN , SWAT T SLITEET i R Bt A 50
ENKE, BRENREESEE (CBOD) . X=NSHHARZ LN
KPR EN . AERNBHBME M TR AGE, BEEMHRE

FEENEE,
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16.1 ¥k

BEIANNEZNIEEYESHZRaRIEL RIIRACEEMENRN
121 AT LA Mk R a M\ B b B £ 37 - Cluis et al. (1988) 7E H1Z K North Yamaska
SIREBY TEFEERNR (EN: BP) ., HEZalKREEKB D ZBEIMX
o

€GP +chla ), = f- G’:j 16.1.1

RN AGPRIAGEERKE N (mg/L ) , chla AtERBERPHHEZRIKR
E (ug/L) , vsurf

AREFIEE (m¥s) , TN REIKEAR (kmoles) , TP FE
Bifafar (kmoles) , f AH—NRE, g —MNEH.

HRBRBPHEE a iIRETE SWAT 3R Cluis et al. (1988)12HH 12

R RLIERITE -
chla=0 if (v, <10 m®s)or (TPand TN <107°)
16.1.2
2.7
chla = 210 if v, >10°m%s,and (TPandTN >10°)
Vsun‘
16.1.3
0.5
chia = 22-10 if vy, >10"m%s , TP<10® and TN >10"°
Vsurf
16.1.4

16.2 EESER

AN ESRE (CBOD ) EXNEERERMBN BN YIRAEENEE.

SWATH it ECBODM f A B EE T Thomann and Mueller (1987)Ff 3R #Y <

E
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2.7-orgC
cbod,,, = ki’ 7§ 16.2.1
qurf -area,,

A : cbodsurg FibFRFFRHPCBODIRE (mg CBOD/L ) , orgCsurq J9ith
REBEFRFMENE (kg orgC ) , Qsurf REHLAMREFR (mm H0)

areahru HRUB TR ( km?) o

RERPAENRSERATNITE

orgC
orgC _1000. 2wt

surq

-8ed - Ec.gq 16.2.2

A :orgCsurq At RBFRABENEL (kg orgC ) , orgCsurf J9#zzR10mm
EFRENBREER DL (%) sed Sed FHRURIEAD Fafar ( metric tons )

eCised NRERERHK.

16.2.1 EERK

HRERREL LR , BoKEEARGR LEHN. PMNERE , &4
BHNARZHE. ABEINIEFANESI M ELEREFNNESHEL
B, EATTERRDPHEINENLEHRE. BRIFR , BARETNEL
NEESFEM. ITRPHENREERMERR (FL ) B, RitERD
NEFNENRRERERTBEPNS,
ERERBENRNEANTHENRRESHRTIEPREIBRERN L
Bl SWATRIHEB-—XERNBEHANEERY , IEAAFENEENS
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NEREERK, ITIHEEERK , SWATEHA T Menzel (1980 ) EXME
ERXRBERDVREFERHEXRR,. ARITEBIEFEHFHINENREER
B, eCised , WAERER :

Eony =0.78- €oncy o, 02 16.2.3

sed ,surq _~

A : concsed,surq FREZFHRARE (Mg sed/m® H,0 ) o REFRA

TEDRETELRR ¢

sed
10- area,, - qun‘

conc 16.2.4

sed ,surg =

R ised AELL A YD =& ( metric tons ) ,areahru FHRUKIEF( ha ) ,

Q,surf AELIARERE (mmH0) .

Table 16-1: SWAT input variables that pertain to CBOD in surface runoff.

Input
. A File
Variable Name  Definition
SOL_CBN orgC,,: Percent organic carbon in the top 10 mm of soil (%) .sol

16.3 BES

BEINABKFERENN, NMTEHRBRTNEEERE , F

BERERTREVWERNEEMNENEREF R =

OXyy¢ =OXy — &, -Cbodg,, - = 16.3.1

sat

A Oxsurf
RNREBERTNBHEERE (mg 0./L) , Oxsat NEMNBHEERE
(mg O,/L ) ,K1 }CBODFEEERZE( day™ ) ,cbodsurq it RZEFHHCBOD

263



% 16 B 72 KRSH

RE (mg CBOD/L ) ,tov AFEEDNCREHN. X FTHHRUSFEM AT ,SWAT

BRIR K1591.047 day™,

16.3.1 SAARE
AR REKPNEENRE . BRNEAFNARENKSEN
B¥. APHA (1985 ) AR T —NMIEMNBEHBENLEE -

1.575701 x10° _ 6.642308 x 107

Ox,, =exp| —139.34410 +

(- 2
wat ,K wat,K _4

N 1.243800 x 10" 8621949 x 10"
(wat,K E (wat,K 3

A :Oxsat A1.00 atm NEFBEERE ( mg O/L ) , TwatK A

16.3.2

KEIKelviniBE ( 273.15+°C ) ,

16.4 NOMENCLATURE

AGP  Algal growth potential (mg/L)

Oxsat  Saturation oxygen concentration (mg O2/L)

Oxsurs  Dissolved oxygen concentration in surface runoff (mg O,/L)
Qsurt  Surface runoff on a given day (mm H;0)

Twark Water temperature in Kelvin (273.15+°C)

TN  Total Kjeldahl nitrogen load (moles)

TP Total phosphorus load (moles)

arean Area of the HRU (km?)

cbodsyrg CBOD concentration in surface runoff (mg CBOD/L)

chla  Chlorophyll a concentration in the surface runoff (ug/L)
CONCsed,surg CONcentration of sediment in surface runoff (Mg sed/m® H,0)
f Coefficient

g Exponent
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orgCsurr  Percent organic carbon in the top 10 mm of soil (%)
orgCsurq Organic carbon in surface runoff (kg orgC),

sed
tOV
Vsurf

&C:sed
K1

16.5

Sediment loading from the HRU (metric tons)
Time of concentration for overland flow (hr)
Surface runoff flow rate (m*/s)

Carbon enrichment ratio
CBOD deoxygenation rate (day™)
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Conserv. Res. Rept. No. 26.
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modeling and control. Harper & Row Publishers, New York.
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F 17 E FEEKER

EYEKBEAESENERBEFP RSN EYBEENEE X4 P I HNE
HEEMESIRER R R AR/ BRARZEFEYERBROREL NV FE,
E-+ERPRNEAFAANEER RN EDERNENE,

266



8 17 B ARAEKRRER

171 BB

BEREHENEKNRERSIAZ—. B—HEYHERE. &

BNELEKEE. N THRAENRAFEEEBEIRERER , T AIREK,
BEERR  BEUSHEVERERER , SEIKUBEREYEKER

TRRE , EXRSEE , #YEFELEER,

£ 1920s M 1930s , K[ T HMIEF LR AT E , UESEX A
DIRBRMALTREM S, BFF , FYNTERNREMEZILE , MEKRANRER
HZE 1-2 X 6-8 X ( Boswell, 1926; 1929 ) , X XA THRELVIEL
( Boswell, 1926; Magoon and Culpepper, 1932 ; Barnard, 1948; Phillips, 1950 )

SRHE TE AR E 3R HUAR T 78 4 WR 3R B9 b AE A /D

RERVEBECRIGEYFERETUEELHERAMBKR, ER
HYEFEHRERTERNTRERK AL FEREFREGEIE RN
NEMEKERBR. ATNEEYFMEAERER , EEYEKBHNIZFEE
SHEYERNERRAFERE , ARERTARERN, fl, RFHTE
RVAERKERN 5°Co MRE-RWFHRIERN 20°C , AERRHAREBEUN
205=15 B8y, MREINWEAY A RBRAH , BENTLHAKE , #E

YA FEN S SREBREMLTITERSFE,

SWAT N ARV BN EZENRNER. B PERESTEERN
B-EUEN-—ITREER, X—FERREVERERERENASKIE
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tbe FEIEXMEESEBLENABLVER REEZRAETSERNIIE,

SWAT Rk & TEENFTAREMEREHRA E K.

Temperature (deg C)

) WWW

-10 4

= Mean daily temperature —— Base temperature, corn

-20

S R

Q@ 2 R 2 @ PR RLR L RR LR
N Q"LQ) N DY DY O 07 L9 YA Y LV O D
K &«*&%&@@oﬁ@&gb PP g g P B P 8 P g o o
%&”r&”z&r&&& P S AP B A A A
¥ & S 'v'quﬂuq@&@@@wq@mmmm Vg G g g G K P
\'\9'\,'\,@\,» S SN RN ) ARG

Date

Figure 17-1: Mean daily temperature recorded for Greenfield, Indiana

B 17-1 B/R7T 1992 FENEL B Greenfiled B B FIBEFIEEE | BEEN

BN 8°Co MERKAEFHERBEEIREENB FRE, BRNIBRA

BEVR:
HU=Ta-T,, 3 Ta>T,. 17.11

XA HU RAEL A RINHRE S A ( hear units ) , Ta A BEFHERE (°C)
Thase NIEMEKER (°C) . HEYHAMBEHNIRERTNR .

PHU = > HU 17.1.2

d=1
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XA PHU NEYRRAFTERN S RE R (hear units ) , HU RIERLL B ER
HIE B Y ( hear units ) o« PHU iR N EERE R,

HUHERE - MEYNEBERERNVR , RIRAAENRBLEEE,
NFRSHBEY  SLERFELENMNABZTHER. NTHEEY , Slwsk
MEER , YWIT R R SR B N iZHAEERKBBRNITSG , EYHFRE
R B RN E KB EE, SUENE R Greenfiled 796 , 120 REYFER

EXRERA 15 BMHE RARBEMUM FRRAZTENERERN 1456,

17.1.1 ARBNVHER S MR

HE S VIEILHIEA RN AT ENTNBEREY BRI AL |, ZHEBER
BUEHRAKRTINETHEY , WTEFH , BEKBE(Cross and Zuber,1972), H

TREZVEBRETNEYERMERNAY , EHEARZHFEEER,

SWAT A ERERABHNEARRERVNEAREZH. XTE
— MR, BEREREHE - RBEETE—BF , MRRHATZER ,
SWAT 2 EE BHRTEERE. IRXBUBHNEALIERE  EE
FEREENERMENEERER NV, BNXRYE , WRANETERENH

ERH , RENBHHE RIS TRE.

UHREBRURZHRE  ReAWRERFEEERNITFIRNRE,
XMTEEATLRER TRERE ., JEARBBTELE | RERSIER

ZZE R AR IPRENREN , AARABRENURZHLREE, NAR
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BENEE NT-—HttiAEAIAFTE-TEIEEXH. X—RIIH
BARETLRAERBAAEN ZM L RARE, MEBRIASIRNFHRE
LRA , URAEBMRLZHRENFEHRFEBSIRFMA R AT IRIERATE
zZ 8o

R BRMREZHRE , RIFNBRRNEYBERE L 2
BRAE D8 EENERBRAN ERKRESEHIN

Date Operation Heat Units Fraction of
Accumulated PHU

April 24 Tandem disk

April 30 Tandem disk

May 7 Field cultivator

May 15 Plant corn (PHU =1456) 0 .00

June 3 Row cultivator 165 A1

June 17 Row cultivator 343 24

October 15 Harvest & Kill 1686 1.16

October 29 Tandem disk

November 5  Chisel

TEBREMNNHNAERVBEINMNMIERR (5 A 15 B ) 75 |, F#R4ER
HERNERNREBRUZN, ATIHERERERN PHU B9% , ARE
RERHHNBRIARE LRI PHU B3,

BEEWERIREN PHU 288 1.16, X—2BET 1, BARFEXRE
WER 2 BIE T, BEELDEDERESRE , EIEYRZ. NEYRATTHE
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HABBRIRREFRMRNKD, BYHREFET HRU F , BERR{LNR%
R AR

HR4E PHU 2 BIBERERE , ELFEYERNBANERE (2EMHE )
HFEMAFRIT. BT RIXERE  SWAT LEF-—FRERER , AIN2
FUUEBRN 0°C RABEM, X—REBER , ARSKRNEYK , FATER
REIER,. XTEERREBER , RUBAZRRNREBE NV !

HUO :Tav when -Fav >0°C 17.1.3
Kb HUO NAEIM B BN BEBMBEAY ( hear units ) , Ty BFI9E
JE ( OC ) éﬁ/u\/ \\ii{jﬂg

365

PHU, = > HU, 17.1.4
d=1

RHF : PHU, NEFEZEBMRESL (heatunits ) , HUy NELI A ERH
ZBEGEMEBY (hear units ) o HPHURE , PHU, JSWATHRIE . wgn3L 4
RHEERIRSBRTENFEHEE,

LAENSE L BRI R N B , PHU, = 4050, FIRBIENRE ST , A PHU,

1’Ejj /ET:E/ \\Ei{jo

Date Operation Base  Zero Plant Fraction  of Fraction  of
Heat  Units . PHU, PHU
Accumulated ~ i€at  Units

Accumulated (PHUg=4050) (PHU = 1456)

April 24 Tandem disk 564 14

April 30 Tandem disk 607 A5

May 7 Field cultivator 696 A7

May 15 Plant corn (PHU = 1456) 826 0 .20

June 3 Row cultivator 1136 165 A1
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June 17 Row cultivator 1217 343 24
October 15 Harvest & Kill 3728 1686 1.16
October 29 ~ Tandem disk 3860 .95

November 5  Chisel 3920 97

WHIFTR , SWAT BREERRES W, £ HRU PR BEEYE KR
(ERBIREMT —RIEREZBNEE )  RASEERELVRRE
., —EEYERTH  ERBRIXBEDABEURTHRE , EZE
MR

THNREBENSH , IURMEERERSE .
0.15 FhiE

1.0 W3k /WE| | &F dry-down

1.2 WEk /&l , A dry-down

06 BRE

Table 17-1: SWAT input variables that pertain to heat units.

Variable Input
Name Definition File
PHU PHU: potential heat units for plant that is growing at the beginning of .mgt

the simulation in an HRU

HEAT UNITS  PHU: potential heat units for plant whose growth is initiated with a .mgt
planting operation.

HUSC Fraction of potential heat units at which operation takes place. .mgt

T _BASE Thase: Minimum temperature for plant growth (°C) crop.dat
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17.2 KR

SWAT RiZ#E. ZHFEAEN—FEREFHEYITUERREIRERSZNEE
Bf KRR, FERERER AT EK.

REEFHRMERBIHER KB E, REBKXATRIUE :
TDL,thr = TDL,mn + tdorm 17.21

A TDLthr ARERFEEERK (hrs) , TDLmn AFREHHRER K
(hrs) , tdorm HRIKEREME (hrs) . HEKRET , TDLhr , BREFE—F 4%
WA | HeH AREBIRS., HEKET , TDL thr , #E¥KEES X,

KRR ERESEEAL
tiom = 1.0 if ¢ >40°NorS 17.2.2
¢ —20 _
tom =g if 20°NorS<¢ <40°NorS 17.2.3
tyom = 0.0 if ¢ <20°NorS 17.2.4

X : tdorm RIKEEBE (hrs) , @ ALUEERTIWSGE ( degree ) o

EFARTF AR , HAEYERFCHERY , HEREHRIRND
B ( EENERBEEFERENL ) . SFLEEYERETIRE , SNNEYE
BURNBRY  HEREBEHRANGME. XTAE-FLEEY , EVEFHE
UL ER

17.3 jEPpRA
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SWAT HE¥ 27 7 P FEIMNRE  BE-FELERX , HF-F4E
X,ZFELEEX BE-FEEY , #F—FEEY , ZFEEUNFT

£ SWAT 1, XERERREEY < BHYXHR

1L BE—FETX
o HEHER
o HMTRREK , BHEVRIRELEKAHNNEL
2. BE—FHEEX
o EHESR
o HMTRREK, BRMEVMRREEKAHNNEL
o HAKNTHREAKN , NEENIER S K EKIE
3. BFEETE
o EHIESR
o MHWYRARELEKBAHABRAETIENENFATHNRE , ZBKD
FREDKN , K ENRE
4. BE—FEREY
o HMTRREK , BUEVMRIREEKAHNNEL
5. mE—FLENEY
o HMTREEK  BUEYRREERKABNNEL
o HAKNTHREAKN , NEHHEHIER SR EKIE
6. ZEEEY
o HEYRRELEKBHANKRAZETIENENMATHNRE
o HAKNTHREAKRN , #EEXKENKE
7. TR
o MEYRBRRELEEKAHBARASE T LENENIATFHRE
WEEE D AT FEH (30% ) MAERERK (70% ) . EE—
EKFVLERN , EH A PNENERECAERD.

17.4 NOMENCLATURE

HU  Number of heat units accumulated on a given day where base temperature is
dependant on the plant species (heat units)
HUo,  Number of base zero heat units accumulated on a given day (heat units)
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PHU Potential heat units or total heat units required for plant maturity where base
temperature is dependant on the plant species (heat units)

PHU, Total base zero heat units or potential base zero heat units (heat units)

Thase  Plant’s base or minimum temperature for growth (°C)

ToLmn  Minimum daylength for the watershed during the year (hrs)

ToLwr  Threshold daylength to initiate dormancy (hrs)

T a Mean air temperature for day (°C)
tsorm  Dormancy threshold (hrs)

¢ Latitude expressed as a positive value (degrees)
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£ 18 ¥ sEBUEK

EELASEFNE—X FETEREEYER EYEEREREZHT
MERK, BREKFKGIEEBNKD ., EFPHENEENSEEZS. T
EREMFRE RN T EBIEYEKBIEEPNSEBRE Lo
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18.1 BELEK

EMERBUHERAR., LREENMFLERRCNENE (RIRTEHEY

MENBHNARE ) .

18.1.1 Y E~E

Y 5 BB E B APAEST XA LE/RER ( Monsi and Saeki, 1953 ) :

H jrogn = 0.5 Hyy, - C—exp&, - LAl 18.1.1

phosyn
U : Hphosyn A BB HE# K EEAMEEAPRESHE (MIm?) |, Hday
AAPAEE ASTE (MIm?) |, 0.5Hday 9 ASTHI{R 3 X A1 Y 5E 4 APRE
BHE (MIm?) |,k FEERE, LAl AHERER. ESWATH , EX
RBXN TR ERIHEY)IR 590.65,

& 3t & & 1E F /Y 7E 1 A BH 58 5% 9 ) K 7£ 400 F1 700mm Z [8] ( McCree,
1972 ) » EEAEBERPABESESNWREIEXSERNTLEAPRES , M
B 5 P & B 60%R R K A& 1E A B E M K BE 5 5 (Monteith, 1972; Ross,
1975), (et X SERREM ARBEHAT AN LLIEEE RSB ERATEM
T, BRERMNMUSIINHRRAS0% N KR FEE (Monteith, 1972;

Szeicz, 1974; Stanhill and Fuchs, 1977),
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BHEAARBNENVEZABRHATENTEYE. BHEANARRE
EMERBEEFENL , FERBRRNSEDERM I, BENEHRX

BERREM ARG & A B EYEEKXA T A EE (Monteith, 1977) :

Abio=RUE -H 18.1.2

phosyn

R AbioJy BAEYEYEM BEERK (ko/ha) , RUE RIEYHESF
FRE ( (kg/ha (MIm?)-1 or 10" g/MJ) , Hphosyn 7 B BEZ MR K ESIER
BSEMEABREST (MIm?), AIE18.12BIRENBEN K SRR SEHEE

BB, d, NEEYEXATRUE .

d
bio =" Abio, 18.1.3

i=1

A HF : bio NEBBEEYE (kgha) , Ao HBEYEEN BEE

( kg/ha) o

18.1.1.1 SRMEHF A MEHNRIG
BHERMAREXNKSF ZEBARESRR , SWATHEZLSIATH
BRI A RERIESRIAEN E KBEETNEHFARRE , UHR
RIRZEE, BRE-SACBRREREIBEARNARENSROT
(Stockle et al., 1992) :

100-CO,

RUE = ~
CO, +exp€ -r,-CO, _

18.14
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RILEK

XA RUE RHEYIAYER SR R ( kg/ha MI/m?) |, CO2 KSR
—SALBRARE (ppmv ) , rland r2 AR EBEHK.
FERRABES FE18.14F 2 A B KR (RUEsmp, CO2mp) and

(RUEp, CO2ni) KHER -

COsamp
n= am CO +r1,-CO 18.1.5
t |: 601 RUE,,, ) 2amb:| 2amb

COZamb CO2h| CO...
" qor RUEamb) Ozans " qor- RUE, ) "

2 Co,,, —-CO
18.1.6

XA rIRE—RRE , RS ZIRRE, CO2amb A B EHRIR

2amb

S=—ELIAKRE (ppmv ) ,RUEamb REBABEHRERS—ELER
HRE TSI RIFAME (kg/ha MIm?) , CO2hi REARSR=&1LHx
HOREEL (ppmv ) ,RUEhi AERKR=ZELBRERE THRES R ARE
( kglha MJ/Im?), /57818.1.4 WFFAZHR  AERERS S
RE 330 ppmv , FHE = FLHRE 7£330-660 ppmviEENE M. Bl
FERABEMREAS =LK ES T330 ppmv , X—XRMAEA.
MRBERREARS=FCHEHARERT3I30 ppmv , EEE LRUE =
RUEamb,

Stockle and Kiniry (1990) FHEMEYHEHNRARRZKTETH
MEE, NF—MEY , EXSESHBEIRE - RESETNRESF
RAMERFFERIASESRMEEK. EENBHRMARER
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RUE = RUE,, , —Arue,, - €od —vpd,, ~ if vpd >vpd,, 18.L7

RUE = RUE, ., it vpd <vpd,, 1818
X HF RUE ABREAKTET RIS IE RS R A % E (kg/ha(MI/m?) ™ 1or
0" g/MJ) , RUEvpd=1 RTEKSRETIR AL kPak ¥ 4R 55 R A M E
(kg/ha(MI/m?) ™ 1or 01 g/MJ) , ATiedc g B 47 K 35 5 HR 3 AR KO 58 53 7
PR T IR E (kg/ha (MI/m?) ™ kPa™ or (10 g/MJ) kPa™) vpd F7ki5
ES# (kPa) , vpdthr AKSESTIREAE , BXZES , EYRESH
FMAMERE (kPa). EYVERFAFNANMRE  BEEYERBEE
By, RUEm, BERES —SCBORESIEE , RUEDD=1, {EY)%E
SRAMEHKSESREEN TRABEEYIRENL.0 Kpa ( vpdthr =
1.0)

EHFAMERETRUEm27%, X —&/ME AR HE H BIX

B EI#9 (Kiniry, personal communication, 2001)

18.1.2 BEAEZNEE
SWATEHELNNWEZSEMHERNETE/ , E18-1F118-2FF

To B X AR Alamo Switchgrassty S,
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25—

Canopy Height

05—

o] 0.25 0.5 075

Fraction of PHU

Figure 18-1: Seasonal change in plant canopy height during growing season.

12 —

LAI

o] 025 05 075

Fraction of PHI"

Figure 18-2: Seasonal change in plant leaf area index during growing season.
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ESEVNEKRMER  SEEENHERNLAERHSEHER LB LR
# -

fr,
e - 18.1.9
fopy + eXp(1 Ly oy -

AH frLAImx NERGEEYEERER VS BATHENEYRAH

erAImx =

EREE , frPHU
NEERFTHERUBARNWAERER VST, LM IERR
. RNBEREBLVUIBBATAUE !

d

> HU,

fr. ==L 18.1.10
U PHU

XA frPHU NEKSETHENEZRNBERERLIH HU K

FiRBIMNME B (U ( heat units ) ,PHURNHEY) S ETERE #47( heat units ).
EFRRABES FEBLIFME AN E A K (frLALLFIPHU,1)

(frLAI2,frPHU,2)SR & :

fr,
(= In[%— fropo s |+ 05 flowua 18.1.11
LAI1

frPHU 1 frPHU 2
In f - frF>Hu,1 —In f - frPHU,Z
Y 1 rLAI,2
b, = 18.1.12
frPHu,z - frPHU 1

AP IIRE—FERRE, 12 AEZFIRRE, frPHU,1 AHENT
REHERARMEZ LE—RNERKET IR NAEERELEVANDE ) ,
frLAlLL AN TREAEHERAEHZ LF—SaWEREYHERERS
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(B0, LAmxBY %) |, frPHU2 RN THRAEHERREHE LEZQIE
KET O, rLAIAMBTRAHERREH L% EE = QB R AEYHE
REHDH.
RABNEBESEXRATRIE :
he =N v Fliam 18.1.13
XH :he NMEMEHNEEEE (m) , hemx NEYEABESE
(m) , frLAImx AMNTEEBERERL VS BNVEDEAKHEREY 2

o AUMEIE-1REL , —BEXFHZABESE , R FREFTZEZHEY

x|

WIR K
BEESZUHEREHNEART FiXEMHHERBA FTXUE

~

ALAIl = ‘rLAImx,i - erAlmx,i—l : LAImx : ‘_ exp" ('Ali—l - LAImx Y
18.1.14

EHERERDN
LAI, = LAl + ALAI, 18.1.15

XA ALAIL AEIREMAHEIR | LAli F LAI-1 ASEiIRi-1RH
HEREL , frLAImx IFfrLAImx,i-1 ARAFEL8LITERMEIMi- 1RV R
AHEREHRSE , LAImx NEYEAHERERD 8.

HEREHE F LN T I ZEH FEIR ( Watson, 1947 ) , 21H
18-2FiR , —BRREIZAHER , LAl 2f&KFFTEIHAFEE, —BHAH
REMHNEENERIRE , HEREERATRITHE -

LAl =16- LAl - €= fr,, flony > flopy en 18.1.16
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XA LAl AEMBHERER , LAImx IHRAHERES , frPHU

NEKFETHENBENERBERELVSE , frPHUsen AMFREER
NEEEKIBNWEEKZTTSE (PHU)

18.1.3 BRRE
EREYHERN BRRRE S SHEYEYERY 30-50% , = HEY R AR R
A F) 5-20% ( Jones, 1985 ) » FEHEYIRNFART , SWAT HRARSEEYES
M0.40%EN 020, BRREMESBRATRUE !

fr

root

XA : frroot RERKZETHNE -—RBRLEEEYDE , fIlPHU REKSET

=0.40-0.20- fr,, 18.1.17

PRE-RENERNWBEREBEN DT T
TEENITERRREN T ETE. SWAT RiR , BEKEFETH , 2F
SHEYMFTANRRZITBRELHNZRARIRE :

Z. =12 18.1.18

root root,mx

AN :zroot AERIARREBRE (mm) |, zrootmx ALEHFHRRBRE
BRE (mm), —FEENHBRRRENEKFTHBITA0.0 mm , FEfrPHU =
040 NERNZABRRE , HitELAXWNT .

=25-fr,,, -z if fr,,, <0.40 18.1.19

z root root,mx

Zoot =2 if fr,,, >0.40 18.1.20

root root,mx

XA zroot AEBARREBRE (mm) |, frPHU AEKFTHHE-X
REYERNBERBRUSE zrootmx ALEFRABRREABRE( MM ).
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FEBRLEKR

BEARRRE BELBRENEKBBEFEFHRAEERIRE ( crop.dat X
HHE RDMX ) A S (.sol XHEFHH SOL_ZMX |, INRZERE
AE  BEFRENIEINEASAORE ) PRABERRREREN. E

FE/NE#ARE X zroot,mx,

18.1.4 HR¥%

LEMBERELNDE, frPHU , &F 1.00 & , HE¥WKZ. —BRZ , 1B
MELEBEFNERRADNEFYR. ELHNEYENERSZTE , BEFEY

WHER IR Ko

Table 18-1: SWAT input variables that pertain to optimal plant growth.

Variable Input

Name Definition File

BIO E RUE.n»: Radiation use efficiency in ambient CO,((kg/ha)/(MJ/m?)) crop.dat

CO2HI COyi: Elevated CO, atmospheric concentration (ppmv) crop.dat

BIOEHI RUE;;: Radiation use efficiency at elevated CO, atmospheric crop.dat
concentration value for CO2HI ((kg/ha)/(MJ/m?))

WAVP Aruey: Rate of decline in radiation-use efficiency per unit increase crop.dat
in vapor pressure deficit (kg/ha-(MJ/m?)™-kPa™ or (10™ g/MJ)-kPa™)

PHU PHU: potential heat units for plant growing at beginning of .mgt

simulation (heat units)

HEATUNITS  PHU: potential heat units for plant whose growth is initiated in a .mgt
planting operation (heat units)

FRGRW1 frenu,1: Fraction of the growing season corresponding to the 1% point  crop.dat
on the optimal leaf area development curve

LAIMX1 frua1: Fraction of the maximum plant leaf area index corresponding crop.dat
to the 1% point on the optimal leaf area development curve

FRGRW?2 frpnu2: Fraction of the growing season corresponding to the 2" point  crop.dat
on the optimal leaf area development curve

LAIMX2 fruai2: Fraction of the maximum plant leaf area index corresponding crop.dat
to the 2" point on the optimal leaf area development curve
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CHTMX hemx: Plant’s potential maximum canopy height (m) crop.dat

BLAI LAl Potential maximum leaf area index for the plant crop.dat

DLAI frenusen: Fraction of growing season at which senescence becomes crop.dat
the dominant growth process

SOL_ZMX Zrootmx: Maximum rooting depth in soil (mm) .sol

RDMX Zrootmx: Maximum rooting depth for plant (mm) crop.dat

18.2 HEWIHY Ko Uk

MEEREIRARAXEMRENZEERTBRE , RATKXUE :

w :L-{l—exp[—ﬂ iﬂ 18.2.1
w I_exp(ﬁwj_ ! Zroot -

XA wup, NEMBNLEREIGERE 2 WEEKRD R (mm H0)
Et AENHHERENBLE(Mmm HO) |, pw AKRALPESE , 2 REE
TERMEAVORE (mm) , zroot AELHRRXBZRE (mm) . MEAL
BERNEEKDRY , BRELEENRNKRRERBEFEL21 |, HF
HEMEE

—w_  —w 18.2.2

W S

up_ up. = up Iy

N cwuply REEE Iy EEKD T (mm H0) ,wup,zu AT EREIPHY
ETE KD T (mm H0) , wup,zul L ETREBHYELE K 2 U (mm H20),
AABRRBEERLIERELEX , AGRREEMMRE , RitE
tRLEHNKRS R TEAFEZES, KADERE , pw, FESWAT
FIRN1.0. RAX—HE , 500 KD RIKSKEERRX LE6%, E18-3

FMRERXFEREK DRI
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Water Uptake from Depth [% total uptake) Cumulative Water Uptake from Surface to
0 2 4 6 8 10 Depth (% total uptake)
0 0 20 40 60 80 100
J—T" 0 =
— R

10 — 10 - )

21 20 |
3

/ w
£ wd/ = 30 | Y
=0 [ —_
@ g f 5 E \
B In a B |
22 40 4/ =3 40 |
o { o
£ 2 TE |
E h=] A0 - g = 80 | |
= £ = 2 |
g = £ &
3 60 =7 60
]

70 70 |

80 a0 |

a0 a0 -

100 100

Figure 18-3: Depth distribution of water uptake
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BN A Mk RBCHE B L FTEKE , Et, MLEAFAKESWHE

. HE18.2.1M18.22 ABRFEH RN KEFRNARELS21ITEN KD RE

DERUTEBEKRTRK. SWATIEETHELTRNHKAEEKRTRK , K
R ERIFIFAKE,

MRTRIINEN LR TIBFZBEREBRIKD LB EFREL8 221 ERE

KGRI, AP AR VFIRE TIEKRRRN, 1T RS ENEE KD RS

=R
WL'JP,ly = Wup,ly + Weemana * EPCO 18.2.3
KA o w,, FIEER LRIy KD R (Mm H20) , wup’ly F57818.2.2

TTER T ZEIYHBE KD R (Mmm H0) wdemand W EBLTEREFHEN L
B2 FER(mm H0) , epco FHAEH R AME BB, HEAR TR URAME R B AT LA
1£0.01M1.005EENZE b, ZHepcotIE T1.08% , ERAFEZH KD RKTE
RELTRELERBR. Hepco BIETF0.08% , BERAWRAMKE18.2.1
FREREY R E 2D B o

BEE TS KENRE , DEKSIEMNUNESHERBER , YR
BUK S HRBERME, N T REBEBMMNRT LEPRBUKD RRGORE , BE

KRR A TSRS IE -

” _ !
Wunyly - Wur),ly

€5 AWC

ly

SW, <
-exp| 5- ~1|| when SW, < @5-AWC, 1824

" _ !
Wup,ly - WUp,Iy

when SW, > €@5- AWC, 1825
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XAH W

up,ly

FIREL I8 T EE KBS ERETEK D RU(Mm H0) wup iy A
Fi218.2 21t B T EIyR B EK D R (mm H0) , SWIy AEXEHRHNTES
KE(mm H,0) , AWCly ALRElyFRAIRAKE(Mm H,0). AIFIAKEXRA
TRITE :

AWC,, =FC, —\WP, 18.2.6
RN AWCly REEIyFRATFIAKE(mm H0) , FCly A EHHBEEFKE
(mm H0) , WPly A EEREZEREKEmMm H,0).

X HIEAR D RS ERE RS RBE , TENEBRKS RKEXRAT

RIHE

~

=miny’

W, up,ly !

¢w, —WP, 18.2.7

actualup ly ly 4

A wactualup,ly A ERIYRISKERK D B (mm H0) , SWIy AEBEHHL
#EEKE(mmH,0) , WPly AEEAZEREKE(mm H,0), 1A LHKD

WA -

n
Wactualup = Zwactualup,ly 18.2.8
ly=1

A ;- wactualup AIERL B EHIK D T (mm H,0) , wactualup,ly 3 t=Ely
HYSERRAK 2 U (mm Hz0) , n ALERE, HE18.281THEEMEY KD R
Wt LR SRR R B

E

=W

actualup

18.2.9

t,act

XA : Etact NELNHEBREBAE(mm Hy0) , wactualup FEI B Bk

u&l‘lﬂ(mm H20)0
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Table 18-2: SWAT input variables that pertain to plant water uptake.

Variable Input
Name Definition File
EPCO epco: Plant uptake compensation factor .Jbsn, .hru
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18.3 EFYWTW

SWAT 1211 2 8% Ay N4 TR U,

18.3.1 &KL

BN AR BT EN RS EREZS . EUESERERUEERFIH THHE

YERMERITEEYENEFHERD o

fry = €ry, — er‘sz{l—

fropu

+ fr
fony +exp € —n, - fropy ; "

. 1831

XA N, ARSI ENEMETNRD I, N1, AHEREYEYEF

MIEENESH , IN3 , ARAFENENETNEENETH , frPHU ,

NEERFETHPELABREZNBERBET IR n1 M n2 , ARRH

EFRRABBEIBEES DB AE D K (fIN,2, frPHU,50%) F (frN,3,

frPHU,100%) , SR H 12 18.3.1 K E :

frPHU ,50%

qzrN 1 er 3

frPHU ,50%

- fr, %
(l ‘vaz . erysj PHU ,50%

n, = —

[1 ‘rN,Z - er,s

- T e N
‘rN 1 er,s

- frPHU ,50%
|

+n,- frPHU,SO%

frPHU ,100%

18.3.2

‘rN 1 er 3

6 f - frPHU ,100%
(1 Iy ~3 Iy 3 a
- T N

frPHU 100% frPHU ,50%
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XH nl, AE—RRK. n2, AEZRRE, N1, AHEHSEDE
MIBPHEENEIE N2, AS0%KBABENENEFNEENEI I,
fiN3 , ARBPEPEYEFHEENRESE , IN~3, FERRPEDE
MEFPHEENRDE , frPHU,50% , 7 TENEY ¥ K AT (frPHU,50%=0.5)
MENBERER THE frPHU,100% )9 EHEY ¥ B AR (frPHU,100%=1.0)
MENBERER TS EHEISIIPRAERARENEYETNEERE

—f R
LM FEZEF1, HHER

HWEDE (frN~3) , L}{Fﬁﬁﬁa‘ﬂbﬁ[ ——
¢r, _, — fr,, =0.00001 .
ANTHEEELE  FREEYEVETNERE  RESBEEEENEY
BMEE

bioy , = fry -bio 18.3.4
A :bioN,opt , N HFIEKM EBREYEYEHEENRMEEE (kg N/ha) frN |
NELBEYENETNESE  bio , NELBHESEYEYE (kg/ha ),

ENEEDBNAER , MENERMBRBENASESSRARE
ZE

N,, = bioy ., —bioy 18.35
RN :Nup , WEEEBRUE (kg N/ha), bioN,opt N HBIEKMER , EWEY
ETNRRAEEFMEE (kg N/ha), bioN AEYEYEHNEFRAFT#E (kg
N/ha),

ARBWRED XA TRITE :
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Ny, = l-%p(ﬂnj{l_ exp(— B, iﬂ 18.3.6
A Nup,z , BIREZEHNBEERUE (kg N/ha) , Nup , BB EZRKE (kg
N/ha), pn , RERK D HSE ,z ALEEMREE (mm) |, zroot , AHEY
BRREEBRE (mm)
F2 1836 HFEX LERDRUREDHHE 1821 M. R—FHE
MEBEEARKEEBEDTRME 1836 RE , BEUTELRLUANTIETERR
ENEEARKE 6 MEZZNAZIENEEERKE.

N N N 18.3.7

uply = Nupa — Nupa

I Nuply , F T EIyBEERR K E (kg N/ha) , Nup,zl RibRETETT
BB ERRME K N/ha) , Nupzu Attt RELE LI R EBERRKE (kg
N/ha),

BEAZETELERLER , HEEYRKELEHRTENZ. BRIER
EomBEpn , ARKWRED HSH , 26, B 18-4 WAX T 4 FFERY
SHE , ERBENRENRHBNEL,
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Figure 18-4: Depth distribution of nitrogen uptake

UM BEPRBHNBEREEREREF. ERRSHTSBNEESET |, b
AAZEHIEREREFNERARESRE, BARE 10mm LREHRETRE
HEARE  RHERKD HSHHRELRERAIEMNERLE, K2
AFRRXRELE M LR ERENSR BN TAEMPn E ,
REENT2BEZEL.

ME—LEF |, JEREBRNEEN

N =min N, + Negang»  NO3,, 18.3.8

actualup ,ly
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A : Nactualup,ly Hly EHIKFRERUE (kg N/ha) , Nup,ly Ry EH
BEZRWME (kg N/ha) , Ndemand I EETEEZEHENERKERE (kg

N/ha), NO3ly Fly T ZEHIHERLhE (kg NO3-N/ha).

18.3.1.1 BE&
MRBRAXNHEREZE , FTRUBRER , SWAT AWFHE
YWiESERERRRFANE, BEARELEKkS , TEFHRLAS
A EKMBRITE

-~

fix — Ndemand : fgr ’ min(wv’ fnoS’ 1, 18.3.9

XA Nfix NEEEAFEMBNENDEYE (kg N/ha) ,

N

Ndemand A ERTIEEXBEHREMNARKERE (kg N/ha), fgr FEK
MEET (00-1.0) , fow HEEASETF (0.0-1.0) , fno3 H+1%E

Wt EF (0.0-1.0) , XX AEEZAEHNdemandRE .

f, =0 when fr,,, <0.15 18.3.10
f, =6.67-fry,, —1 when 0.15< fr,,,, <0.30 18.3.11
f, =1 when 0.30 < fr,,, <0.55 18.3.12

f, =3.75-5-fr,,  when 0.55< fr,,, <0.75 18313

f, =0 when fr,,, >0.75 18.3.14

AN fgr REKKMEREF (0.0-1.0) , frPHU RHEWEKS
T, BN ERERNEETRESE Ty . MYEKNERETFRMEYR
RERER A TR,
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HTTEEREAN LY  EFEREFVFHERER. =

BHBRHEZRFRATRIE

f .=1 when NO3 <100 18.3.15

no3

f3 =1.5—0.0005- NO3 when 100 < NO3<300 18.3.16
foz =0 when NO3 > 300 18.3.17

XA ;o3 HEBRHEEEF (0.0-1.0) , NO3 A EESIM
A H i ER £h 2 & (kg NO3-N/ha),
MTTEF, DEAKDPRFOFHERER. TERKDRAF

MItEWT : f, = SW 18.3.18
.85-FC

AN fsw REFEAKDEF (0.0-1.0) ,SW N EZEHH

T3EAKEE(Mm H20) , FC 1 AEFKER L EEKE(mm H20),

18.3.2 BRI
N AR BOES BB TR LS, MBS RRERRE KR TS
VR BROR U AR A W) B R R 5 B

~ fr
fr,=¢r,, — fr,, .[1- PHU + fr, 18.3.19
] ‘ i P’3/|: frPHU + expﬁl - Py frPHU ; ne

XA P AR B EYETOBSH , frpl , FHEBENEY
EFNIEENBD K frp3  NKBRPENENEFHIEENBE D T frPHU ,
NEERETHEABRBZNZEREETSI . pl M p2 , ARRHK.
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FREABEIREFEESHANAD K (frp,2, frPHU,50%) H (frp,3,

frPHU,100%) , SRfi# 5 %2 18.3.19 KA E :

frPHU ,50%

p, = In Gr fr - frPHU,SO% + Py frPHU,SO% 18.3.20
1_ P2 P,3j
( ¢rp,l - frP,s

frPHU ,50% frPHU ,100%

In ‘ f - frPHU,SO% —In ‘ f - frPHU,lOO%
1 rp,z - I’P,3/ 1 rP,~3 - rP,3/
I ¥ - T e N
¢rP,l — s ‘rpvl —fro,
P, =-— — -
frPHU 100% frPHU,SO%
18.3.21

N pl, RE—FRREE. p2, REZFRRE, frp,l , RHEEE
MEYEFNEENBEDE , frp,2 , AS0%RABEYENEP N EENH
S, frp3, ARBRIAEYENETNEETOBED B, frp,~3 , NEKFD
EYENEFNEFTNB D, rPHUS50% , R 1EHEY ¥ K26
(frPHU,50%=0.5)IR BB EREL TH T , frPHU,100% , J9 1EHE Y B Zh At

(frPHU,100%=1.0)iR BB EREL T O . EHE18.3.21H K AT K

MEYEMEFWEENBED B (frp~3) , ABERD BN [1_ :r:rs:ffrrp,sa x

Z£F1, EEREE ¢, fr,, =0.00001,

ATHEEENR  FHEEEDEVETNRE SO RS E5EEY
EYEMEE

bio

popt = T -biO 18.3.22
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A :bioP,opt , A HBTE KM EREYNEYE P F I RMALBIE (kg N/ha) |

fre, AENNAEVENEFNBSE , bio , RV BENWEENEYE
(kg/ha ) o

MEYEELBNBER , A EYEKNMBRPENBSESXIREEZ
=

P, =1.5- €io, . —bio, _ 18.3.23

X : Pup , ABEBWUE (kg N/ha), bioP,opt N L BETEKEER , Y
EYBRNHLBEFE#E (g N/ha), bioP AEYWEYEFHEGRBERE
(kg N/ha), H#218.3.23% |, FHEMEVMEFHNREBERESSSIRBEFEREE
ZEFRLLS , RAFEBMBRKNER.

BRI RED mRATRITE -

P —]—<P“9 1-exp| - A, - . 18.3.24
up,z _exp(_ ﬂp . p Zroot o

RN : Pup,z , NIREZCHEERRIE (kg P/ha) , Pup , NEEBRU
2(kg P/ha), Bp , NEERK D HSE , z FL/EEMREE (mm) |, zroot ,
NEYRERKBRE (mm) . E—RTENEEBRBRUERET RHE18.3.24
RE, BAUNELIRLURNLIETURRENBERRKE K MEZZD
NETREEBRBRE.,

P

oty = Pioa — P, 18.3.25

up,2l ~— Tup,au
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XH : Puply , WX EIYWEERR K E (kg P/ha) , Pupzl AERELR
Tih R EERIRUE (kg P/ha) Pupzu it RELTE EID REEBIRKE
(kg P/ha).

BRAZERLMRLEXR , REYREBELEHRTENS, BRK
HMREDHELRp , ARBRES HSE , 26, B 18-4 FA X3 BERK
FERRENHBN TN HEBER.

EONLEP RN BRE R RBEE. MRS BSBNEEMET ,
LA AR HBRBREFHNRREERE. AARE 10mm EShREFRE
HEABRE , RUEBRK S mSBRERBERAEHNBRHRE, HL
AFBRRXRELE ATUME EETEPBN SR kX FREHBp E ,
RBEDTLBEETL.

ME—LEH | SERERNBEDN

P

actualup,ly

+P,

demand !

P

solution,ly _

=min R, 18.3.26
A : Pactualuply Rly +EHVSEFRBER U E (kg P/ha) , Puply Rly £
BRI EEBRUE (kg P/ha) , Pdemand A EETHSEFRENBRKERE

(kg P/ha), Psolutionly Rly X ZEH A KBEE (kg P/ha).

Table 18-3: SWAT input variables that pertain to plant nutrient uptake.

Variable Input
Name Definition File
BN(2) fry,2: Normal fraction of N in the plant biomass at emergence crop.dat
BN(2) fry2: Normal fraction of N in the plant biomass at 50% maturity crop.dat
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BN(3)
UBN
BP(1)
BP(2)
BP(3)
uBP
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frys: Normal fraction of N in the plant biomass at maturity

.. Nitrogen uptake distribution parameter

frp1: Normal fraction of P in the plant biomass at emergence
fre,: Normal fraction of P in the plant biomass at 50% maturity
frp 3 Normal fraction of P in the plant biomass at maturity

Sy: Phosphorus uptake distribution parameter

crop.dat
.bsn

crop.dat
crop.dat
crop.dat

.bsn
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18.4 YR

HIATWIR T B R BN RE R | AEM M EN — 0 ENEW

BM HRU R XER, EFNAMENYWRERIIMNRLS (BB ) BERR, A
BARME LEPRREDARDNBINEFTYE, ARt , WERERFAE
R AEMBRICNERY.

WERIEBHRE , W LY TENEFALUMERNLFEN DB X
FREZBREY , WIREHE 00 M10 2H, ER , N TFHRRENEZE
WERXI REVHEY] , ML EF , WREHL KT 1.0

REBEUEYNELF~EBRE  HUBENHD . SFNEYSE
M ELEIRBEMMER  FHEDBRERSE KL, BEBRT , WK
BEHAX THRERMHM S BIRE.

SWAT BE FTHHXRITEERKETERNBIRER

' 100 - froy,,
* €0- fr,,, +expJ1.1-10- fr,,, _

XA HI AELLBEERIREL , Hiopt REBBEKFZHT , Y

HI = HI 18.4.1

AR R BERIEE , frPHU AEEYAEKE B BRRNEERESE TS

. B18-5 BRTHEERETRMUEBWRERBZ,

=B RA TR -

yld = bio,, - HI when HI <1.00 18.4.2
yld =bio-|1- ! when HI >1.00 18.4.3
G+ HI ' -
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XA yld EYWF=E (kgha) , bioag NURIK B HARIHE EEYE

(kg/ha) ,HI REH BBEBERIEE ,bio FKIR BN S EYE (Kkg/ha ) ,
Hepith FEYRHITER

bio,,= €~ fr,, Jio 18.4.4

A frroot WWERBEIR R0 S EEVMEN D E |, bio NIWIKAE

BN EEYE (kgha) o

Variation in Optimal Harvest Index during the Growing Season
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Figure 18-5: Variation in optimal harvest index (HIi/HIg,) with fraction of
growing season (frphy)

BYENTEMERNETIE
yldy, = fry - yld 18.4.5
yld, = fr, - yId 18.4.6
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RF :yldN AEYF B EBREZE (kg N/ha) , yIdP R EYI = & X BRI BE
E(kg P/ha) , fiNyld REVIF=EFR BTSSR , frPyld NENFEF BTG
2, yild IEWT=E (kg/ha)o

MREBGRIBER AN BRERAT 1, BRBRRRIP TN, BUE
YMEBHRA—HoWER, Bt , FAXRAEYERBREETNE,. BB
S, BENKASEYEFNE. BOBRBEEROANBENE
yld, = fr, - yld 18.4.7

yld, = fr, - yld 18.4.8
R :yldN REMF=EHRERNAEE (kg N/ha) , yldP A EY ™= & P K RREYBE

(kg P/ha) ,
frIN AEYMENETNEI (HFRELBILTE ) |, frP ARAENEY

EFNEB2E ( BHE18.3.1911E ) |, yld REW=E(kg/ha)o

Table 18-4: SWAT input variables that pertain to crop yield.

Variable Input

Name Definition File

HVSTI Hloy: Potential harvest index for the plant at maturity given ideal crop.dat
growing conditions

CNYLD fryie: Fraction of nitrogen in the yield crop.dat

CPYLD freyia: Fraction of phosphorus in the yield crop.dat

18.5 NOMENCLATURE

AWC,, Auvailable water capacity for layer ly (mm H,0)
CO,Concentration of carbon dioxide in the atmosphere (ppmv)
CO2amp  Ambient atmospheric CO, concentration (330 ppmv)

COgni

Elevated atmospheric CO, concentration (ppmv)

E; Maximum transpiration rate (mm d*)
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Etact  Actual amount of transpiration on a given day (mm H,0)

FC Water content of soil profile at field capacity (mm H,0)

FCy  Water content of layer ly at field capacity (mm H,0)

HdaySolar radiation reaching ground on current day of simulation (MJ m2d?)

Hpnosyn  Intercepted photosynthetically active radiation on a given day (MJ m)

HI Potential harvest index for a given day

Hloe  Potential harvest index for the plant at maturity given ideal growing conditions

HU  Number of heat units accumulated on a given day (heat units)

LAl Leaf area index of the canopy

LAl Maximum leaf area index for the plant

Nacwaipty Actual nitrogen uptake for layer ly (kg N/ha)

Ngemand Nitrogen uptake demand not met by overlying soil layers (kg N/ha)

Nrix Amount of nitrogen added to the plant biomass by fixation (kg N/ha)

Nyp Potential nitrogen uptake (kg N/ha)

Nupy  Potential nitrogen uptake for layer ly (kg N/ha)

Nw:  Potential nitrogen uptake from the soil surface to depth z (kg N/ha)

Nz Potential nitrogen uptake from the soil surface to the lower boundary of the soil
layer (kg N/ha)

Nupu Potential nitrogen uptake from the soil surface to the upper boundary of the soil
layer (kg N/ha)

NO3  Nitrate content of the soil profile (kg NO3-N/ha)

NO3j, Nitrate content of soil layer ly (kg NO3-N/ha)

Pactualup,y Actual phosphorus uptake for layer ly (kg P/ha)

Pgemand Phosphorus uptake demand not met by overlying soil layers (kg P/ha)

Py, Potential phosphorus uptake (kg P/ha)

Puw,yy  Potential phosphorus uptake for layer ly (kg P/ha)

Pup,.Potential phosphorus uptake from the soil surface to depth z (kg P/ha)

Puw. Potential phosphorus uptake from the soil surface to the lower boundary of the
soil layer (kg P/ha)

Puw. Potential phosphorus uptake from the soil surface to the upper boundary of the
soil layer (kg P/ha)

PHU  Potential heat units or total heat units required for plant maturity (heat units)

Psolutiony  Phosphorus content of soil solution in layer ly (kg P/ha)

RUE  Radiation-use efficiency of the plant (kg/ha-(MJ/m?)™ or 107 g/MJ)

RUE.mw, Radiation-use efficiency of the plant at ambient atmospheric CO, concentration
(kg/ha-(MI/m?)* or 107 g/MJ)

RUEn Radiation-use efficiency of the plant at the elevated atmospheric CO,
concentration, COgi, (kg/ha-(MJ/m?)™* or 107 g/MJ)

RUE,p=1 Radiation-use efficiency for the plant at a vapor pressure deficit of 1 kPa
(kg/ha-(MJ/m?)* or 10 g/MJ)

SW Amount of water in soil profile (mm H,0)

SWiy  Soil water content of layer ly (mm H0)
WP, Water content of layer ly at wilting point (mm H;O).

bio Total plant biomass on a given day (kg/ha)
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bioyg; Aboveground biomass on the day of harvest (kg ha™)

bioy  Actual mass of nitrogen stored in plant material (kg N/ha)

bion,opt Optimal mass of nitrogen stored in plant material for the growth stage (kg N/ha)

biop  Actual mass of phosphorus stored in plant material (kg P/ha)

biop oot Optimal mass of phosphorus stored in plant material for the current growth stage
(kg P/ha)

epco Plant uptake compensation factor

for - Growth stage factor in nitrogen fixation equation

fros Soil nitrate factor in nitrogen fixation equation

fsw Soil water factor in nitrogen fixation equation

frias  Fraction of the maximum plant leaf area index corresponding to the 1% point on
the optimal leaf area development curve

friao  Fraction of the maximum plant leaf area index corresponding to the 2" point on
the optimal leaf area development curve

friamx Fraction of the plant’s maximum leaf area index corresponding to a given fraction
of potential heat units for the plant

frn Optimal fraction of nitrogen in the plant biomass for current growth stage

frya Normal fraction of nitrogen in the plant biomass at emergence

frn2  Normal fraction of nitrogen in the plant biomass at 50% maturity

frns  Normal fraction of nitrogen in the plant biomass at maturity

frn~3  Normal fraction of nitrogen in the plant biomass near maturity

frayia  Fraction of nitrogen in the yield

frp Fraction of phosphorus in the plant biomass

fre1 Normal fraction of phosphorus in the plant biomass at emergence

fre,  Normal fraction of phosphorus in the plant biomass at 50% maturity

fre3  Normal fraction of phosphorus in the plant biomass at maturity

fre~3  Normal fraction of phosphorus in the plant biomass near maturity

freyie  Fraction of phosphorus in the yield

frequ  Fraction of potential heat units accumulated for the plant on a given day in the
growing season

frequa Fraction of the growing season corresponding to the 1% point on the optimal leaf
area development curve

frenu2 Fraction of the growing season corresponding to the 2" point on the optimal leaf
area development curve

frenusos Fraction of potential heat units accumulated for the plant at 50% maturity
(frrHu 50%=0.5)

frenu 1000 Fraction of potential heat units accumulated for the plant at maturity
(frrHu,100%=1.0)

frequsen  Fraction of growing season at which senescence becomes the dominant growth
process

froot  Fraction of total biomass in the roots on a given day in the growing season

h. Canopy height (cm)

he mxPlant’s maximum canopy height (m)

k, Light extinction coefficient

n; First shape coefficient in plant nitrogen equation
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n, Second shape coefficient in plant nitrogen equation

p: First shape coefficient in plant phosphorus equation

p2 Second shape coefficient in plant phosphorus equation

ry  First shape coefficient for radiation-use efficiency curve

r, Second shape coefficient for radiation-use efficiency curve

vpd Vapor pressure deficit (kPa)

vpdinr Threshold vapor pressure deficit above which a plant will exhibit reduced
radiation-use efficiency (kPa)

Wacwalup 1 0tal plant water uptake for the day (mm H,0)

Wactualuply Actual water uptake for layer ly (mm H;O)

Wgemand VWater uptake demand not met by overlying soil layers (mm H,0)

Wty Potential water uptake for layer ly (mm H,0)

w,,,,  Adjusted potential water uptake for layer ly (mm H,O)

w;,,, Potential water uptake when the soil water content is less than 25% of plant

available water (mm H,0)
Wy, Potential water uptake from the soil surface to a specified depth, z, on a given day

(mm H,0)

Wyp21 1S the potential water uptake for the profile to the lower boundary of the soil layer
(mm H,0)

Wyp2u 1S the potential water uptake for the profile to the upper boundary of the soil layer
(mm H,0)

yld Crop yield (kg/ha)

yldyAmount of nitrogen removed in the yield (kg N/ha)

yldp Amount of phosphorus removed in the yield (kg P/ha)

z  Depth below soil surface (mm)

Zroot  Depth of root development in the soil (mm)

Zrootmx Maximum depth for root development in the soil (mm)

[ Nitrogen uptake distribution parameter

o Phosphorus uptake distribution parameter

o Water-use distribution parameter

ALAI;  Leaf area added on day i

Abio  Potential increase in total plant biomass on a given day (kg/ha)

Arueqq Rate of decline in radiation-use efficiency per unit increase in vapor pressure
deficit (kg/ha-(MJ/m?)™kPa™* or (10™ g/MJ)-kPa™)

l, First shape coefficient for optimal leaf area development curve

l, Second shape coefficient for optimal leaf area development curve
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19.1 4£KEH

ENERSRE , RIEE , KD FRR , UREFY (&, B ) &R

ZHEWE, XEFMSHOEE , FUEINEEMTE  HEAERETE

o FEHN A

19.1.1 KED

Ko R Z BT L BSRBR MR FE B ) R AR SRR

Et act Wactualup
wstrs=1-—=1-———" 19.1.1
Et Et

XA wstrs WELLARKDRZ Et IHRAEWERE K (mm H,0), Etact 7
SEBRAEH 2 BUE (mm H,0), wactualup I AEHI R UK 2 B E(mm H,0), B K&
BEANTEEELECLFMANE EZREVK RIEBAESISERH

AN
IR,

1912 BEED
BEENEEPESENSRENECRENER. EETR0RER 48
MERSTAEREES. B2YEEBERRERTN , EWERTFA
EREED , MK, ARBEREENNEEY

tstrs=1 when T, <T,. 19.1.2
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-0.1054- €, -T,, ° | _
tstrs=1—exp = | when T, <T, <T, 19.13
L t_av _Tbase _
- 0.1054- €T ]
tstrs=1—exp = | when T, <T, <2 Topt = Thase 19.1.4
> opt base
L Q'Topt “ lav _Tbase/ |
tstrs=1 when T, >2-T, — T 1915

R tstrs HEBEREED  RRNBEENERNSH , TR BTH

SiB(°C) ,Thase HNIEWMEKER

°C) ,Topt WEMEKZMHEEBEE(°C),

F19-1E7R T B FEREXNENERKNERE , EFEERIRH0 °C, &

ERiZ A 15 °C,

Impact of Temperature on Plant Growth

1.0000

0.8000

0.6000

0.4000

Fraction of Optimal Plant Growth

0.2000

0oo) +—r——————T 7T T T T

1 2 34 5 6 7 8 910N 12131415181718192021 22232425262728293031 32 33 34 35 38
Average Air Temperature (deg C)

Figure 19-1: Impact of mean air temperature on plant growth for a plant with Ty,= 0°C and

Top=15°C
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19.1.3 &ED
TS AN T HRAEYITE, SWAT FHEESRBYHAED.

AEINITEBRBS LRGN ZEENRAERE. BEEHE 00 (K
REBSER) , F10 (HEWESEN S0NHRLTFHRLEN ) ZEELME
T, BEDWITELRXR :

nstrs=1- Pn y 19.1.6
¢, +exp }.535-0.02597 - ¢

Kb - nstrs HEREHNBED , o HAENWERET. TRETRAT
RIHH -

o, =200~[ bio, —0.5] 19.1.7
IoN,opt
A bionop HHATEKK R EYYRHFENRLEE (kg N/ha) bioy F

SKRRAB A 0 7704 B (kg Niha).

19.1.4 BEEN

SEZMEM  BEINITEES L REBRAMFZLEYRKERE, BIEDE 0.0
(RIEBEENR ) , M1.0 ( HEYBHSEN 500HD FRMLER ) 2B E
SMT, BMEINITELRXR :

Ps

19.1.8
¢, +exp §535-0.02597 .

pstrs=1-
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AP pstrs AENEWBESD , op NBEINZREF. TREFXAT

NitE -
bio,
@, = 200 — -05 19.1.9
blop,Opt

A :bioP,opt N HRIEKME , {EYWYR 7K R8BI E (kg P/ha) |, bioP
7 SRBRAE) A BY B A7 1 & (kg P/ha)o

Table 19-1: SWAT input variables that pertain to stress on plant growth.

Variable Input
Name Definition File

T _BASE Thase: Base temperature for plant growth (°C) crop.dat
T_OPT Topt: Optimal temperature for plant growth (°C) crop.dat
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19.2 3EBR&EK

EYEKRFREEND  EYERKSEBEEKN S
Vg =1—max@strs, tstrs nstrs, pstrs_ 19.2.3

XA yreg REWEKETF (0.0-1.0) , wstrs HERLBHIKED | tstrs H
BREUBREREED  RINEHERN DI , nstrs AR BNEED | pstrs
NEWBNBED

MEMMEYEKEDRFAF 00 FE 18L2 AHEBEEYETNE
BRE

Abio,, = Abio-y, 19.2.1

A : Abio NENEVEVERYKEREK (kg/ha ) |, Abio NEAEYIENERY
BIEEK (kg/ha) , yreg NEYMEEKEF (0.0-1.0) .
B B EMVBAEHER , SFERFEYERENRE

ALAL ., = ALAL, - [y 19.2.2

act,i

orh ; ALdLcei gl B it R EAAENE | ALAL Hyigl A8 EH ERE

& , A5 18.1.14 ITEE R |, yreg FEYEKREF (0.0-1.0)

19.2.1 4£¥Y)& OVERRIDE

BREATAFEEENEFIUFENSEYE. HEYE override E4E
PHRAE (.mot ) IRTERT | EKFAN TR Y E KRR ZH |, Blyreg

BN 1.00
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MAEYE override RER , EVETILHNITEXATR :

-~

Gio,, —bio_,

Abio,, = Abio, - big

19.2.4
trg

A : Abio N SEBREEYEIMINE (kg/ha ) |, AbioHE | REEWEYEN
ETEEK (ko/ha) |, biotrg WAFIREN BIFREYEME (kg/ha) |, bioi-1 &

PR —XKEMEYENE (ko/ha) o

Table 19-2: SWAT input variables that pertain to actual plant growth.

Variable Input
Name Definition File
BIO_TARG bio,¢/1000: Biomass target (metric tons/ha) .mgt

19.3 EFREYTER

F72 18.4.1 TN AV EMWERE F R B KR Z I

Hi _ |_H|\ Y wu -+ HI .
= € min /7/WU +exp '_13—0.883'7wu_ ”

19.3.1
I H : Hlact AERERBERAF , HI REBREWIREF , HAE184.11TESBT
Himin AT EXGFTHEPBEREF , KRZDEVBIRE T , ywu IKBRZ

BF , HirELn

2.E,

Yo =100 21— 19.3.2
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XA Ea AXBREMK , Eo NBEERER , i N BYERFTHEIX,
m A WK  IRENEERBANHEBRIEERFTHRE-—K ,
SRAEYFE H B ZSE WIR

19.3.1 WIRIEB OVERRIDE
ERERMBIRRE (.mgt) , BRATAFEEBRFTRIER. ERERE
FIiZER BIRBERIBEE , HEUBER/NEIRERN KA. EYERBEFRENE
FRIERIS S, R R R IR fERHAT
— BUIRISHR override #EIRTE |, override (BN EAIE T E M BRISH

KiITEENTE, FB , FRENERMBRAKTRZMIARE,

HI,, =HI 19.3.3

act trg

A Hlact JSEBRERE F , Hitrg 73 BARBERIER.

19.3.2 IWERME
UGBS | BRAFRFEERREE, KREEEYLTRRIEER
BERENBN S, FROERENBITHCNBRY | OFMIER 10
mm WERWESR, DRKFRKBRERE , REN 000, RBRAF2
BRI | FEIEH 1.0, HRU WAFE RN RIS HER.

yld,, = yld - harv 19.34

act
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XA : yldact HSEEREYI~E (kg/ha) , yld FHFFE18.4.2 5H18.4.3 ItEH
YEYDF=8 (kg/ha ) , harveff JWBERBIERIZRZE (0.01-1.00 ) » RIREY™
EEYEFBRICAZRRY

Arsd = yld - (- harv,, 19.35

rsdg, ; = rsdy, 4 + Arsd 19.3.6

surf i

AP Arsd RENBRRYER NN EYWEME (kgha) ,yld HHFE18.4.2

surf ,i—

518.4.3 ITEMEYTE (kg/ha) , rsdsurfi AEiRERIOMMEEERRY
FEHRWAEYE (kg/ha) |, rsdsurfi-1 AEi-IRERIOMMLEERRWESRH

EYB (kgha) |

Table 19-3: SWAT input variables that pertain to actual plant yield.

Variable Input

Name Definition File

WSYF Hlin: Harvest index for the plant in drought conditions, the crop.dat
minimum harvest index allowed for the plant

HITAR Hlyg: Harvest index target .mgt

HIOVR Hlyg: Harvest index target .mgt

HARVEFF harves: Efficiency of the harvest operation .mgt

19.4 NOMENCLATURE

Ea Actual amount of evapotranspiration on a given day (mm H,0)
E, Potential evapotranspiration (mm d™)
E. Maximum transpiration rate (mm d™)

Etact
HI

Hlact
HImin

H Itrg
Tbase

Actual amount of transpiration on a given day (mm H,0)
Potential harvest index for a given day

Actual harvest index
Harvest index for the plant in drought conditions and represents the minimum
harvest index allowed for the plant

Target harvest index

Plant’s base or minimum temperature for growth (°C)
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Topt Plant’s optimal temperature for growth (°C)
T a Mean air temperature for day (°C)

bioy  Actual mass of nitrogen stored in plant material (kg N/ha)

bion,opt Optimal mass of nitrogen stored in plant material for the growth stage (kg N/ha)

biop  Actual mass of phosphorus stored in plant material (kg P/ha)

biop oot Optimal mass of phosphorus stored in plant material for the current growth stage
(kg P/ha)

bioyg Target biomass specified by the user (kg/ha)

harver Efficiency of the harvest operation

nstrs  Nitrogen stress for a given day

pstrs  Phosphorus stress for a given day

rsds.r; Material in the residue pool for the top 10mm of soil on day i (kg ha™)

tstrs  Temperature stress for a given day expressed as a fraction of optimal plant growth

Wacwalup 1 0tal plant water uptake for the day (mm H,0O)

wstrs  Water stress for a given day

yldaee  Actual yield (kg ha™)

ALAI;  Leaf area added on day i (potential)

ALAl4i Actual leaf area added on day i

Abio  Potential increase in total plant biomass on a given day (kg/ha)
Abioye;  Actual increase in total plant biomass on a given day (kg/ha)
Arsd  Biomass added to the residue pool on a given day (kg ha™)

eg Plant growth factor (0.0-1.0)

s%wu Water deficiency factor

¢n Scaling factor for nitrogen stress equation

o Scaling factor for phosphorus stress equation
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20 E FERENEE

EEBERFEYERTE , RIEMREBH AN ENEDENENE

BREERERNA. KEEMHHEANSEEENET N A,

320



%20 B TEEANEE

20.1 #iE/ AEKFETHIR

MHEREDIEREINE K, X—RETURAREEREDTIENEE |, &

EEFNRZFEEY (FAM, RES ) FREK

REY HRU FEEHEMEKRR , SWAT F A FRERAE, 7ET0HE R
WAEYZ 81, LLATA MR AR ER , BYREIRKREE. NRH N FHE
BRERNE-—NEEXH+H , FEESSRMEREZREEBIRERE
BERIRELR LR 58 — RAPAEIRME |, BRAE R RER BN SR 20
MIERENEESHRRENNRE (ANE , AEZTEEREETIHK) |
HEHRBPTENARBET  HRU FEDIWERSEE, MEEHEBE  FE
REEEBEROHERESRANEEENE, B, X TBENER &3
RAFMENABE TR ZNERBERTENAE S T( MIEMNBERFR ).
REETESETLECZNE. AFTURE HRU KBIEBIERNEL.
T HO B S BB T AE R REIRAE, BIBHRAERUOR/REIRERB A, XN FiXi
REFTM A L RETE | 4 T. SWAT SRR EKEEFR ML

MREYF=ENEYERETLI—EWE , A/ TUETIRE B R IRERE

HAMEREYERKI, XEBEHRIABFERRABERJKERFTRBRAE,

Table 20-1: SWAT input variables that pertain to planting.
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Input
Variable Name Definition File
Variables in plant operation line:
MONTH/DAY or HUSC  Timing of planting operation. .mgt
MGT_OP Operation code. MGT_OP = 1 for plant operation .mgt
HEAT UNITS PHU : Total heat units required for plant maturity (heat .mgt
units)
NCR Plant/land cover code from crop.dat .mgt
Optional inputs:
HITAR Hlyq: Target harvest index .mgt
BIO_TARG bioy: Target biomass specified by the user (kg/ha) .mgt
ALAINIT LAI: Leaf area index of the canopy for transplanted species  .mgt
BIOINIT bio: Total plant biomass on a given day (kg/ha) .mgt
CNOP CN,: Moisture condition Il curve number .mgt
Variables in second line of .mgt file
IGRO Land cover status code .mgt
Inputs for plants growing at the beginning of the simulation
NCRP Plant/land cover code from crop.dat .mgt
ALAI LAI: Leaf area index of the canopy .mgt
BIO_MS bioyy: Target biomass specified by the user (kg/ha) .mgt
PHU PHU : Total heat units required for plant maturity (heat .mgt

units)

20.2 WIRIBE

WERIRERF R FREM A E | T ARIFEER . X—REBEHN TESHE H#,

WERIRFFFENE—EERERERY, BR , WRIEHK override MUIRM

KA LRE

HRBREWIRIER override BY , SWAT RAMEHRE KEIEEPAVERE

WOEREEBRITE BRI A E D B AR AE KR EF v E R e A K

TESCHEY) £ Y B RV F I E 0 MRS TERERERNENED B,
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MRAFRREFTENEYNEERDE , NFEFURIREHK override EHIREN
BEE,

XN TFUWIREE , AP AT BUE MR R, X—HRE LT RRWENE
YEHMN HRU REBRNED . RREBDRICNMERERY . WRKIRKE
NEHERBRE  WMABEFAEBUEIREE | 10008 BIREWBRFH =
Br (RBEMEWERCNERY ) .

HEEYERPRREERRE , EYHNHERERNZRNREL THR
BERNEYEMEMBD, BORRNAEL RSB EKN R
EMERKEBRROM R

Table 20-2: SWAT input variables that pertain to harvest.

Input

Variable Name Definition File
Variables in harvest operation line:
MONTH/DAY or HUSC  Timing of harvest operation. .mgt
MGT_OP Operation code. MGT_OP =7 for harvest operation .mgt
Optional inputs:

HIOVR Hlq: Harvest index override or target harvest index .mgt

HARVEFF harvg: Efficiency of the harvest operation .mgt

20.3 HURE

BAURERR LB Y BV KRR E —EH R RR, X—R

ERREL B M HEE R R BHBERD

323



%20 BE AEEAEE

BHEREFFEENF R SR RBITmvnE ( ARMBH , NEEY
BEERKEINSH)  HHEHNEKE  SXRERNVEYE  SRERR

R, URFERNTE, RENEYEFRTAENREA.

BAURIER N EY EERESBRIREMEL. BR , HTREEERH
EYESE  MRREBRERNEYELNE, E—LHRT , IUEHK
EYBREIRIENKTE , S HRU HEFEMHAEMN, A T EXFER
MRE , BRI ENSRNEYEFTEIRE (BIO_MIN, mgt XHHE=
7). HHEYEYERET BIO MIN BT , BEFF AT, BRER

B R,

MRAFEETHTRE  SRXEZRNVEYE  XELEYERLWH
L RFERY

B ENERTNEFRY I BSBRLEFHEELRBIEES, %
REFDARFINI R 10mm LB |, X—HoTRHLEHRER
REER

EEVMERBBHREERE YN ERERNZRNREL T
HREERNENEERED .

Table 20-3: SWAT input variables that pertain to grazing.

Input

Variable Name Definition File

Variables in grazing operation line:
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MONTH/DAY or HUSC  Time grazing operation is initiated (1% day of grazing) .mgt
MGT_OP Operation code. MGT_OP = 9 for grazing operation .mgt
NDGRAZ Number of days of grazing. .mgt
BMEAT bio: Dry weight plant biomass consumed daily (kg/ha) .mgt
IGFTYP Manure code from fert.dat .mgt
WMANURE fert: Amount of manure applied—dry weight (kg/ha) .mgt

Optional inputs:

BMTRMP bio: Dry weight plant biomass trampled daily (kg/ha) .mgt

Variables in second line of .mgt file

BIO_MIN bio: Minimum plant biomass for grazing to occur (kg/ha) .mgt

20.4 IR BRIBE

Wk & EBIRERF L HRU RAEYIEY 4 Ko B BRERFIRENE

MEDW (EEMERKBIEES ) HEWTEM HRU R AR, FIRAVED
EYEFEAHNTERBEERY

BERGHEBRREFTENE —S BN X —RENTE ( BE , BERE
BRNDH) . AP EAEX —REPEFER N F4T LB,

Table 20-4: SWAT input variables that pertain to harvest & kill.

Input
. o File

Variable Name Definition
Variables in harvest & kill operation line:
MONTH/DAY or HUSC  Timing of harvest and kill operation. .mgt
MGT_OP Operation code. MGT_OP =5 for harvest/kill operation .mgt
Optional inputs:

CNOP CN,: Moisture condition Il curve number .mgt
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205 B/ EKFTLER

HBIRFEFLL HRU RAEYIRYAE K. PREREN BN AR,

HERREMENE-SBNERFENRBEY  BEREETINIH ).

Table 20-5: SWAT input variables that pertain to kill.

Input
. N File
Variable Name Definition
Variables in kill operation line:
MONTH/DAY or HUSC  Timing of kill operation. .mgt
MGT_OP Operation code. MGT_OP = 8 for kill operation .mgt

20.6 BBt

BSRERNERY. EFY. RENAESEDEIEIHTED

Bl. X—IRFEAMENERERE  X—RENNR ( B , BEREBETIND
W), BRHREARE,

AP A EFAHRE HRU KB, Y ST AT R AE IR 1E,
BIBHRAE N WOER /4 AR P T A a0 A B B S MRS B2 TR SR 4 11, SWAT

LB NS AHMEE M BAR B T B KB,
BMBEENEERBENT  8—1EEPERY. EFY. RHEA
AEFPRBHBFELRIAOREREN TR N THANTRASTNE

i, XERRTEHEFOHEREHOT

Layer # Depth of Layer NOj; Content
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surface layer 0-10 mm 50 kg/ha
1 10-100 mm 25 kg/ha
2 100-400 mm 20 kg/ha
3 400-1050 mm 10 kg/ha
4 1050-2000 mm 10 kg/ha

%20 B TEEANEE

MERIX—TEEFEVEH | HAE 100mm RE R LL 30%H LR

B HERLEMDHEN !

Mixed

Initial  Unmixed ggj/o)
Layer# Depth of Layer NO; NOs (70%) Redistribution of Mixed NO, Final NO;
surface
layer 920 mm 50kg/ha 35 kg/ha 15kglha  22.5x10mm/100mm = 2.25 kg/ha  37.25 kg/ha
1 10-100 mm 25kg/ha  17.5 kg/ha 7.5kg/ha  22.5x90mm/100mm = 20.25 kg/ha  37.75 kg/ha
2 100-400 mm 20 kg/ha 20 kg/ha 20 kg/ha
3 400-1050 mm 10 kg/ha 10 kg/ha 10 kg/ha
4 1050-2000 mm 10 kg/ha 10 kg/ha 10 kg/ha

Total mixed: 22.5 kg/ha
NLERE 100mm REARE , ARG RMNE —ERNHERLEE

DB, NTHEBIE , TENRERUNBHESRE , ARASHERLE

BB, NTUHERAHRYESE , BOENHREFEINIE-EHRE

BEHNHERIES,

FBNERY. EFY. RENATEPNYHREORA Lk

PEREAHAFRELREEPERRIRET,
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206.1 4£YERE

EYREELIEPYRBENTINESE (NEHE ). HARERB , £Y
BEETABEBRINLBIRAEE, BEXRY , EERENEABHE
RTIBHNETBHELN  EYESEM, SWAT AHENMEEREHE
300mm RE ( IR LBRIPRE /DT 300mm , ALK ERE TIEEED ) -
EYRENREBRAFENN, £YMBEENERYNBIERASEMRE
ML 5 EIT EL
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Table 20-6: SWAT input variables that pertain to tillage.

Input

Variable Name Definition File
Variables in tillage operation line:
MONTH/DAY or HUSC  Timing of planting operation. .mgt
MGT_OP Operation code. MGT_OP = 6 for tillage operation .mgt
TILLAGE_ID Tillage implement code from till.dat .mgt
Optional inputs:

CNOP CN,: Moisture condition Il curve number .mgt
Variables in second line of .mgt file
BIOMIX Biological mixing efficiency .mgt
Variable in tillage database:
EFFMIX Mixing efficiency of tillage operation. till.dat
DEPTIL Depth of mixing by tillage operation. till.dat

20.7 HEAR

FERE R VERHLAE AN ZERE AN B 3| Ao

THREFTENEEESRE  XI—RENNE (BH , BEREETINS

), EANENERNRE K BRAE , URESNRES ®

SWAT RigRERSH R 10mm T EER. EHHRFISEFRYAILUE

i REBEWMETER . FEALREALVRFEXWEMNE R 10mm £/F

RYRERIER 0. TRV AR ORI R 3 — R L],

ERESSEES , EXTREAFRTEHREFRVNATNEETIH. W

AME L BEFTEERNESRY , RATRITE
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NO3,,, = fert . - €~ fert,,, Jfert 20.7.1
NH4,,, = fert . - ferty,, - fert 20.7.2
OrgN g, en = 0.5- fert,, - fert 20.7.3
OrgN,y or = 0.5 fert,, - fert 20.7.4
Pootion e = fertye - fert 20.7.5
OrgP g, rer =0.5- fert,, - fert 20.7.6
OrgR,m renr = 0.5- fert, o - fert 20.7.7
bact, i e = fOItipae - Koaee - fETT 20.7.8
baCt m, rer = T€Mtpa - € Koo Jfert 20.7.9
bact i rer = Ot pa * Koo - fert 20.7.10
bact s o = Tty - C— Ky fert 20.7.11

A NO3fert J9HEAEERMERINEY 58 P FHER £h AV 2 (kg N/ha) , NH4fert 7 1HE
FERERMEB L EHRRAMNE (kg N/ha) , orgNfrsh fert 7 HEAEERIERNE L
ZEhfreshB VLEER B E (kg N/ha) , orgNact,fert 9 HERRIRVE M0 E) £ 38 ShE 4
BHUEMEE kg N/ha) , Psolution,fert 7 HERERIERNINE| LB P ARSBEE
H A9 B & (kg P/ha) ,orgPfrsh fert R MERBIRERINE L E R freshBYENBIE
(kg P/ha) , orgPhum,fert J9HEREIEVERMNE LE P RIER BV ENBIE (kg
P/ha) Jbactlpsorb,fert J9HERRIRERMNE L EPRMSEPHWIIFRSHABNE
(# bact/ha) , bactpsol,fert J9HEREIRVERINE LIEPABRSEPNRSHAEN
£ (# bact/ha) ,bactpsorb,fert 9 iEREERERINE LB RMSEFNRSHE

HYE (# bact/ha) , fertminN RERIR TN BTN ESE D , fertNH4 RIERIH T

330



%20 B TEEANEE

NENWNSEEREEDE , fertorgN ERAREHEEEDE , fertminP HEEH
THBIEEDE , fertorgP RERFENBESED N , fertlpbact FHAERIFIE
RAMERRE (# bact/kg fert) , fertpbact J3 FER i A& #Y R B (# bact/kg

fert) , kbact NABE D BRI , fert AT HEFMWELRE (kg/ha) o

Table 20-7: SWAT input variables that pertain to fertilizer application.

Input

. . File
Variable Name Definition
Variables in fertilizer operation line:
MONTH/DAY or HUSC  Timing of fertilizer operation. .mgt
MGT_OP Operation code. MGT_OP = 3 for fertilizer operation .mgt
FERT_ID Type of fertilizer/manure applied (code from fert.dat). .mgt
FRT_KG fert: Amount of fertilizer/manure applied (kg/ha) .mgt
FRT_LY1 Fraction of fertilizer applied to top 10 mm .mgt
Variables in fertilizer database:
FMINN fert,inn: Fraction of mineral nitrogen in the fertilizer fert.dat
FMINP ferty,inp: Fraction of mineral P in the fertilizer fert.dat
FORGN fertorgn: Fraction of organic N in the fertilizer fert.dat
FORGP fertorge: Fraction of organic P in the fertilizer fert.dat
FNH3N fertyqa: Fraction of mineral N in the fertilizer that is fert.dat

ammonium
BACTPDB fertpae: Concentration of persistent bacteria in manure (# fert.dat
bact/kg)
BACTLPDB fertipact: Concentration of less-persistent bacteria in manure  fert.dat
(# bact/kg)

BACTKDDB Koact: Bacterial partition coefficient fert.dat

20.8 BzhiR¥HHEA

HRU R ERIEA AT AR AP 28, BBl B3 EHE. HAFERE HRU

PEFEEN K FEEEREIRE. XI-BENRENEEEYERN D
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W, AR XFREKBATEENMRTX-REI K , REFLA3MEM
FERE HRU, RFIEERRRE  BATHRVER D , —FRANZRARE

BERE  —XEENSEAERERAE , URER®RER,

NTHREREE  FEGITEDTEERNEE. X TE-FHEL
BESEXTREENLTEPERAENES. EFE2NPBRMHITRATRI
"

yld,, , =350- fry . -RUE if HI_, <1.0 20.8.1

yld,. y =1000- fr, ,, - RUE if HI_ >1.0 20.8.2
A yldestN REFEMTT (kgN/ha) , friNyld AFEFREN D , RUE
9 REYI5E 5 R B 3R (kg/ha (MI/m?) Y or 10 g/MJ) , Hlopt REBRELKZHET
EYERBNRABERRER. B2 ESE—FEUERE , XRATX
iHE

yld est,Nprev yrsim + yld yr,N
yr.. +1

sim

A yldestN AN HBTFER~2ETTHIERT ( kg N/ha ) , yldest,Nprev 7

20.8.3

yld est,N =

H—FENETEMGITINERF (kgN/ha ) | yrsim RELBER | yldyr, N Y
HENE~EB8H (kgN/ha ) » EFERHFEVERNEATRITE -

yld, = bio,, - fry - ferty 20.8.4

yr.N

A cyldyr, N AEBIFWNE~ZB#R (kgN/ha ) |, bioag J7WIRET R £ Y]

2 (kg/ha) ,frN NAREIBILTENENENEF RS , ferteff NAFE
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ERNEBEARER, EREAMEATAFESREEYERERBERS
TERE. MRS FHERBHMAERAERERSIENRK | ferteff AL
RKF1, MRAFFENNEAEBHERURZBENTER | ferteff RN 1.
MRAFHLELRETRN—F D | ferteff RAPF Lo
SRTHENERAXATRITE !
minN,,, = yld , y — €03+ NH4 } bio, 20.8.5
A minNapp R TEHEHEFE( kg N/ha ) yldest N RE~EE1TH kg N/ha ) ,
NO3 AT EHEF ML E & (kg NO3-N/ha) , NH4 ATEHEPHER
&2 (kg NH4-N/ha) bioN RHEVIYIR FZ I EE (kg N/ha). IR 57£20.8.5
HTENETNETBSHEARAFEAE , mnNapp HEFRENZFKE
minN,, =minN,, .o —FFRNERERAEMEZAARFEAEMALR.
—BiEAEREFHRARAFEMINNappmyr) , SWATFF <5 F ey R
BEFEERED,
—BLNARAERER , SENEAEEL TXITE .

minN,,,

- 20.8.6
fert

minN

A fert J9ABEHHE A £ (kg/ha) minNapp AL E M E (kg N/ha) fertminN
NEER RN E DK
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HRUF A ERIMEBAFE . BRTEZNEN , BHE. BRE
ABEAILEATHRU, B—HEFRYNSERIERERENTEEFRY
MR D BT E,

HTRERNEZEBREBEDKERE , REEROTTERED, NRE
EHSBEMEKBRIETERN 75% , BENZBERPHNTNBES K,

SEMEHNBEET - min,,

Table 20-8: SWAT input variables that pertain to auto-fertilization.

Input
. A File
Variable Name Definition
Variables in auto-fertilizer operation line:
MONTH/DAY or HUSC  Timing of fertilizer operation. .mgt
MGT_OP Operation code. MGT_OP = 11 for auto-fertilizer operation .mgt
FERT_ID Type of fertilizer/manure applied (code from fert.dat). .mgt
AFRT_LY1 Fraction of fertilizer applied to top 10 mm .mgt
AUTO_NSTR nstrs: Nitrogen stress that triggers fertilizer application .mgt
AUTO_EFF fertes: Application efficiency .mgt
AUTO_NMXS MiNNggpm: Maximum amount of mineral N allowed to be .mgt
applied on any one day (kg N/ha)
Table 20-8, cont.: SWAT input variables that pertain to auto-fertilization.
Input
. A File
Variable Name Definition
AUTO_NMXA MiNNagpmqr: Maximum amount of mineral N allowed to be .mgt
applied during a year (kg N/yr)
Other variables:
CNYLD frayie: Fraction of nitrogen in the yield crop.dat
BIO E RUE: Radiation use efficiency ((kg/ha)/(MJ/m?)) crop.dat
HVSTI Hlqpe: Potential harvest index for the plant at maturity given crop.dat
ideal growing conditions
FMINN ferty,,n: fraction of mineral N in the fertilizer fert.dat
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20.9 REHEH

RBFRERD HRU REARERN , I-REMFENEESHE | RIERH

(BH , EMBEERREE TS ) , RBEFMEK , URERE,

HERKIER  BMEERIIRIIRER |, AN —E 5 REBFFHR K.
EATH AR ROR BTN ELREBEFNORERE L, BFHEAIRER
FIER

pest’ =ap, - pest 20.9.1

A : pest’ N EMR BT HEF E (kg pst/ha) ,apef HRBFIMEAME pest H
SERRR B3 #E A & (kg pst/ha).

BE M RORBEFNEMNEBH FWRBEFNERFELRBSITE, HEHEHN
REBEHEERN

1.99532 —erfc §.333- LAl -2
= 2.1 ]

XA gc NEHBENHRDE , erfc NEIMNRE |, LAl AHERER.

20.9.2

20-1 @R erf(B)fE - L M + 1 Z@ZAL , M erfc(B)E 0 El +2 2AZE

fto BAMRESBERABEAZENNERI KT 1,

335



%20 BE AEEAEE

2.0 —
1:5 \
8 erf (B)
% 1.0 —
g 05
e N —
Q
E 0.0 erfc (8)
-0.5
-1.0 _//
-3 —2 -1 1 2 3

Figure 20-1: erf(p) and erfc(p) plotted versus S (from Domenico and Schwartz, 1990)

MREFERBSZ RN VWALRATRNUHERATHHARERE
pest,, = gc- pest’ 20.9.3

BT i RAYSR AR ENN
pest,,, = €~ gc Jpest’ 20.9.4

A : pestfol RHERTFH IR B E (kg pst/ha) , pestsurf e T iR

R EBFI B (kg pstiha) , gc HIBRBEM IS , PSS RERRBFERE

(kg pst/ha) ,

Table 20-9: SWAT input variables that pertain to pesticide application.

Input
Variable Name Definition File
Variables in pesticide operation line:
MONTH/DAY or HUSC  Timing of pesticide operation. .mgt
MGT_OP Operation code. MGT_OP = 4 for pesticide operation .mgt
PEST_ID Type of pesticide applied (code from pest.dat). .mgt
PST_KG pest: Amount of pesticide applied (kg/ha) .mgt
Variables in pesticide database:
AP_EF aper. Pesticide application efficiency pest.dat
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20.10 B
£ HRU R UENEAMI SN ER T, RBERTPWED. EFYW. R

BHMARATERRBERREZHPHEED

ZEHHENARVEERERN

24+ 4.5 width,
( filtstrip _ 20.10.1

trapef Jbact — 1- 100

A trapef,bact J1E T B ENME D widthfiltstrip REHRFHFTE(m )o
ZdEEd., ERYAREFNBEREXATAIE

trap, = 0.367 - Qidth, . °° 20.10.2

filtstrip _o

N : trapef AEEARTEENA D AR DB, widthfiltstrip I EHRHF R

E(m),

Table 20-10: SWAT input variables that pertain to filter strips.

Input
. . File
Variable Name Definition
FILTERW widthgserip: Width of filter strip (m) .hru

20.11 NOMENCLATURE

CNzMoisture condition Il curve number

Hloe  Potential harvest index for the plant at maturity given ideal growing conditions
Hlyg  Target harvest index

LAl Leaf area index of the canopy

NH4  Ammonium content of the soil profile (kg NH4-N/ha)

NH4st Amount of ammonium added to the soil in the fertilizer (kg N/ha)

NO3  Nitrate content of the soil profile (kg NO3-N/ha)
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NO3ser: Amount of nitrate added to the soil in the fertilizer (kg N/ha)
Psowtionfert Amount of phosphorus in the solution pool added to the soil in the fertilizer
(kg P/ha)
PHU Potential heat units or total heat units required for plant maturity where base
temperature is dependant on the plant species (heat units)
RUE  Radiation-use efficiency of the plant (kg/ha-(MJ/m?)™ or 107 g/MJ)

apes  Pesticide application efficiency

bactipsorfert Amount of less persistent bacteria in the solution pool added to the soil in the
fertilizer (# bact/ha)

bactipsorb fert Amount of less persistent bacteria in the sorbed pool added to the soil in
fertilizer (# bact/ha)

bactysoifert Amount of persistent bacteria in the solution pool added to the soil in the
fertilizer (# bact/ha)

bactysorn et Amount of persistent bacteria in the sorbed pool added to the soil in fertilizer
(# bact/ha)

bio Total plant biomass on a given day (kg/ha)

bioy; Aboveground biomass on the day of harvest (kg ha™)

bioy  Actual mass of nitrogen stored in plant material (kg N/ha)

bioyg Target biomass specified by the user (kg/ha)

fert  Amount of fertilizer applied (kg/ha)

ferter  Fertilizer application efficiency assigned by the user

fertipact  Concentration of less persistent bacteria in the fertilizer (# bact/kg fert)

fertminy Fraction of mineral nitrogen in the fertilizer

fertminp  Fraction of mineral P in the fertilizer

fertyws Fraction of mineral N in the fertilizer that is ammonium

fertorgn  Fraction of organic N in the fertilizer

fertorgp  Fraction of organic P in the fertilizer

fertonact Concentration of persistent bacteria in the fertilizer (# bact/kg fert)

fry Optimal fraction of nitrogen in the plant biomass for current growth stage

frayia  Fraction of nitrogen in the yield

gc Fraction of the ground surface covered by plants

harves  Efficiency of the harvest operation

Koact ~ Bacterial partition coefficient

minNap,  Amount of mineral nitrogen applied (kg N/ha)

MiNNgppmx Maximum amount of mineral N allowed to be applied on any one day (kg
N/ha)

MiNNappmeyr Maximum amount of mineral N allowed to be applied during a year (kg
N/ha)

nstrs  Nitrogen stress for a given day

orgNactrert Amount of nitrogen in the active organic pool added to the soil in the fertilizer

(kg N/ha)
orgNsrshfert AmMount of nitrogen in the fresh organic pool added to the soil in the fertilizer
(kg N/ha)

338



%20 B TEEANEE

orgPsrsh ert Amount of phosphorus in the fresh organic pool added to the soil in the
fertilizer (kg P/ha)

OrgPhumfert Amount of phosphorus in the humus organic pool added to the soil in the
fertilizer (kg P/ha)

pest  Actual amount of pesticide applied (kg pst/ha)

pest” Effective amount of pesticide applied (kg pst/ha)

pestir  Amount of pesticide applied to foliage (kg pst/ha)

pestsurr Amount of pesticide applied to the soil surface (kg pst/ha)

trapes  Fraction of the constituent loading trapped by the filter strip

trapes pact Fraction of the bacteria loading trapped by the filter strip

widthsistrip Width of filter strip (m)

yldessn  Nitrogen yield estimate (kg N/ha)

yldestnprev  Nitrogen yield estimate from the previous year (kg N/ha)

yldyn  Nitrogen yield target for the current year (kg N/ha)

Yrsm  Year of simulation

20.12 REFERENCES

Domenico, P.A. and F.W. Schwartz. 1990. Physical and chemical hydrology.
John Wiley & Sons, New York, NY.

339



%21 B AREKEE

% 21 ¥ AR KEE
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21.1 FEBE

HRU Ay ER AT A AP 2 E B R G318 (R T FIEEER

RN B AERESN A/ FEEERKR.

AT HRU BIKATEARE 5 MoKR @ SiE, KE, XE#TK, R
BT, ERBINEK, BRTKRERE , ERXEFERKFENLE (R
TRENAK ) . WFIME, REHTK, REHTK , SWAT FEEHEK

R FRENRD, MRKERNKIER , SWAT LFHEKERE,

MREBAKRFTE , SWAT AFMMHNSHIRE, XESHBAXM
IBTERRERAERMERN 0, ARPTUENR/INTERE , BHEK

FEBIKE | BAKGHIE F Al AR A SRR K B 0 B

N FAENEREN  SWAT BEKRNITRAKE, IRAKEES
BRBREPEENKEMLR , MRITBKENTIEEKE  SWAT FRiE
JIIEIEC YS9

HRU Mk BARZEFLBEEZZHAZKE THENIFNRE
FramT , BEEIFERKERSIAE LERI. MRERRERENKER
HRBLEHRKE , ZROKEEREFIKIR. XN THELNEINRSEHH
HRU , BRIt RIREHI K,
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21.1.1 BEzhEB

HATEEAERN , FEEEKENEE, KEDRERNBERE
MERKN D W AR, KEEEPEKBATRELMEIX-HESH ,
BB e K BiZ HRU. 215K RMEBRKRIREL , B RNk 2 2 3%

ERAZARFFKE,

KEDBEBEEIRE 0.90 F 0.95 ZiH,

Table 21-1: SWAT input variables that pertain to irrigation.

Input
Variable Name Definition File
Variables in irrigation operation line:
MONTH/DAY or HUSC  Timing of irrigation operation. .mgt
MGT_OP Operation code. MGT_OP = 2 for irrigation operation .mgt
IRR_AMT Depth of irrigation water applied on HRU (mm) .mgt
Variables in .hru file
IRR Type of water body from which irrigation water is obtained  .hru
IRRNO Source location .hru
FLOWMIN Minimum in-stream flow (m®/s) .hru
DIVMAX Maximum daily irrigation diversion (mm or 10* m®) hru
FLOWFR Fraction of available flow allowed to be used for irrigation ~ .hru
Variables in auto-irrigation operation line:
MONTH/DAY or HUSC Initialization of auto-irrigation .mgt
MGT_OP Operation code. MGT_OP = 10 for auto-irrigation .mgt
AUTO_WSTR Water stress that triggers irrigation .mgt
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21.2 E7HEK

ATHE HRU FEMRAHEK , AFL4EEERRESACIRE |, B

TEEKERIAREFOKEFHREREE |, K A TS KGR H A8 3 AT
ERYETEIZER
Ak ETRKERBETHRABKEBNERE, ERAMZENLIZE ,

H-RHEABKRGHKEXRATRUE :

ly

tile,, = €W, — FC 7{1—exp[‘24D it SW, >FC, 2121

drain

XA :tilewtr AMNEEHPEBRAIKE (mmH20) , SWly £ EHEKE(mm
H,0) , FCly £ ZHE#FKE(mm H,0) , tdrain FFTEHKEHBEFKE
FrEERtIE (hrs) o

HARANK  BREEGRMEL , RAESEFNENHFERITEHIERR

=18

Table 21-2: SWAT input variables that pertain to tile drainage.

Input
. N File
Variable Name Definition
DDRAIN Depth to subsurface drain (mm). .hru
TDRAIN tarain: Time to drain soil to field capacity (hrs) .hru
GDRAIN tile,g: Drain tile lag time (hrs) .hru
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21.3 BK/EHb

EKGEMBAEB N HRUR B E TR A HE LAYk, XHBKREEBZRARE

Bk, RRE  REHTCFEBRERKEYNER, EEKEBEXAERD

NEBRIEFESE2IENE,

21.4 @K

Lok MK ERR , AKERE , SWATARTF KGN —NKREEBES—4

Kk, X—BREBRBEEXHPH— P TRTK.

ke A AR MK ES A EZRB R HCHKESTE, AFS%
FRAKEME, LB , BBOKKKERE, B , UREKE.
B=MERREERKE  KEKENTH ; KERRKE ; HEFKE.
AT REERUASENET — Ko

M—DKEEE T —ANKEFEREATUBIRE A EEIR, fFilmn, KA

BEEEMEAKNARAER , A UEE RS RINE 5 — K,

Table 21-3: SWAT input variables that pertain to water transfer.

Input
. L File
Variable Name Definition
DEP_TYPE AR R fig
DEP_NUM BB fig
DEST TYPE RSl fig
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DEST_NUM BirhZ fig
TRANS_AMT B KE fig
TRANS_CODE REWAE IR fig

21.5 HEMRAK

HEMRKRMARBERKDH—MERLN, BIEEMERAKERN KD

WINAMNRBRER. SWATARTFKTMNEE#TK, REMTK, STES
FRESHE R KRR kot A BAMKE B EFEE AR SR,
HFEMRKATUUANEMTN, WTE A, ABUEEKS KR

FHHERE. WTKRE , AP AEERTURBRNKN TR, EERYEF

MK K GRIEKERY R

Table 21-4: SWAT input variables that pertain to consumptive water use.

Input
. o File
Variable Name Definition
WUPND(1-12) Average daily water removal from pond in subbasin (10* m®) WUS
WURCH(1-12) Average daily water removal from reach in subbasin (10* m®) WUS
WUSHAL(1-12)  Average daily water removal from shallow aquifer in subbasin .wus
(10* m®)
WUDEEP(1-12) Average daily water removal from deep aquifer in subbasin wus
(10* m?)
WURESN(1-12) Average daily water removal from reservoir (10* m®) .res
WURTNF Fraction of water removal lost in transfer and returned as .res

reservoir outflow.
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21.6 RIRAHE

SWATEEELK, AMETCEHI REBEN A, 7 THELSEREEKMN

SRYATE (MTKEET ) , SWATATFETEMENE—RIEARRE
Bo RFEARAILEB, A, FHEZFFIREAL
BERRARNXHHAF AR, SERYARKIEAERE | 3 Arecday.
recmon, recyearsi Erecenstip TIESTEMEHEE ., SWATAIBUEAK, JE
». BYE. BB WERit, BHESE S5, LERL, ESEURA
BHE. FNEFNMARIEEXHNBTITRR , BRE/NASLFRXAH
B,

21.7 NOMENCLATURE

SWiy,  Water content of the layer on a given day (mm HO)
FCy  Field capacity water content of the layer (mm H,0)

tarain T1Me required to drain the soil to field capacity (hrs)

tile,tr Amount of water removed from the layer on a given day by tile drainage (mm
H,0)
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B 22 F R M

REBRBABET A, FitHTABHBERENTEN TEMEERE
RAFEMN. SWAT R SCS B L BUE Green & Ampt FRETTEH T A
WHERE. BANEFRYARNIUTEERMER, F—M) USGS FFRH
It ERBRENA 5 AL MR H 572 (Driver and Tasker, 1988), T —
NELSEYHERFHRAE , 5 SWMM ( Storm Water Management

Model , Huber and Dickinson, 1988)#H1.
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221 WhABNER

A N EKERLEASERNATE. 2RY. FF2NBEAER

#BMTARKER , BT &, BEETEARE , ZHFRERNRE , AT
TE, UAMERIKMKERESESKRIKOIRRE M, XETHWE
EYMRERRENRENIEN , URESHIEERR.

FEXKEE ARSI ADNTRENEK | SHKREEKOBRRHN KR
BAIBRROKE, —MIFR , BRE—BHERSENEF , BN L™
ENBRERART , HisALE. BMRTEKYN , BREHFKRGEE
KABKRR, MR , MBREFFGHBRHATKRSE , WEABKIKR.
& 22-1 I T ARMEH LR AN ARPRBEKERLEUAREESH
IKREBRRN T EKERLE,

Table 22-1: Range and average impervious fractions for different urban land types.

Average directly Range directly

Average total Range total connected connected
Urban Land Type impervious impervious impervious impervious
Residential-High Density
(> 8 unit/acre or unit/2.5 ha) .60 44 - .82 44 .32 - .60
Residential-Medium Density
(1-4 unit/acre or unit/2.5 ha) .38 23 - .46 .30 .18 - .36
Residential-Med/Low Density
(> 0.5-1 unit/acre or unit/2.5 ha) .20 14 - .26 A7 JA12-.22
Residential-Low Density
(< 0.5 unit/acre or unit/2.5 ha) 12 .07 - .18 .10 .06 - .14
Commercial .67 48 -.99 .62 44 - 92
Industrial .84 .63-.99 .79 .59 -.93
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Transportation .98 .88 - 1.00 .95 .85-1.00
Institutional .51 33-.84 A7 .30-.77

ETEZEY [, BRXNHECSEYEREKEBEN, HEKEE
B, PEKEFERR , BREETSREYH ABKRS | HiE A RE

2

22.2 WA RER

FEET i, e RERNITEFH N EEK D BRI FFE K M T E

RO EKBEEKEE D AT E, NTAEZERRTEKGE/EKi
H, FRA-TEANHMEBRITELRER , H1tE 2K J (Sl

Conservation Service Engineering Division, 1986) :

CN, (1— impy, + 'm';d“’” )+ 98-('”"';"00" J

CN, = : if imp,, <0.30 2221
1-imp,,
CN - €=im 98-im
CN, =—2 < pf"t) Pocn if imp,, >0.30 22.2.2
1-imp,,

XH : CNe FWEHERGENTHES ML , CNp NIELETAYE BT 89 i
L8 imptot HRUFP FZEKEIR L2 SEBKDERRFTKDERR ) impcon
NHRUREEK DB RN FE K E R LR | impdcon N AHRUARTE#E
K ABRRNFE K EERLEE,

Table 22-2: SWAT input variables that pertain to surface runoff calculations in urban areas.

Input
File
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Variable Name Definition

CN2 CN,: SCS moisture condition Il curve number for pervious areas .mgt

CNOP CN,: SCS moisture condition Il curve number for pervious areas .mgt
specified in plant, harvest/kill and tillage operation

FIMP impyt: fraction of urban land type area that is impervious urban.dat

FCIMP impeon: fraction of urban land type area that is connected urban.dat
impervious

22.3 USGS BIHERE

SWATH X AR EIH A2 HDriver MTasker (1988)F &AH. EIRERZHE

E SRR BIENEM EF RN ZERERT BRES ST WERE.

T R AMSIRSFZ M. USGSTT RIXLEFTZR B #Y 2 TN Fo I 55 715 B 5177

ERERBRELERERE, REERNTEKARTEART. H—K
XA -

fy €, /2547 OA2507) - G, 100117,
2.205

XY READAR (kg ) , Rey S AERE(mm H20) , DA AHRUEMR

Y 22.3.1

(km?) , imptot HRUFR FEKER LR ( BFEEKDBKRMEKNEKR ) |
B, NEIRREK, BRALFERRANRESG RN , FRARNVERARITERER
#1884y : 25.4 mm/inch, 2.59 km?/mi?, and 2.205 Ib/kg.

USGS ETHKWE , BIZEFTANEHRE, E—XRABNAEF

RREADT 508 mm BRE. EZRRK NAEFERREE 508 F 1016 mm
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Z B RE, F=RABNAEEREE 1016 mm Z LHRE. SWAT R
BREERSBTINARERE  BES— N FRENFERES.

EARBEARGERZE AR, SEARE, BEBARNUKR CBOD
( carbonaceous oxygen demand ) o SWAT A AT EEFE A MR, BEAM
MEBAH ( TREITE CBOD ) » #IXLEA S EIERBFITESR 22-3 #,

—BiIrESEREAMER: , B Northern Virginia Planning District
Commission (1979) , MM XAKBERNMENESNLR, REAAFS
2 0% AEYEN 0% LR, ZBAFTH D N 75%H BB 25%H IE
Bk,

Table 22-3: Urban regression coefficients (from Driver and Tasker, 1988).
Precipitation
Loading Category fo B B B B
suspended solids | 1778.0 0.867 0.728 0.157 2.367
I 8120 1236 0.436 0.202 1.938
" 97.7 1.002  1.009 0.837 2.818

total nitrogen I 20.20  0.825 1.070 0.479 1.258
I 4.04 0936  0.937 0.692 1.373
" 1.66 0.703  0.465 0.521 1.845

total phosphorus 1 1725 0.884 0.826 0.467 2.130
I 0.697 1.008  0.628 0.469 1.790
" 1618 0954  0.789 0.289 2.247

COD I 407.0 0.626  0.710 0.379 1.518
1 151.0 0.823 0.726 0.564 1451
i 1020 0.851  0.601 0.528 1.978
| = annual precipitation < 508 mm
I1 =508 mm < annual precipitation < 1,016 mm
Il = annual precipitation > 1,016 mm

Table 22-4: SWAT input variables that pertain to urban modeling with regression equations.

Input
. A File
Variable Name  Definition
IURBAN Urban simulation code .hru
URBLU Urban land type identification number from urban database .hru
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FIMP Fraction of HRU that is impervious. impy; = FIMP - 100 urban.dat
PRECIPITATION  Rgy,,: Precipitation on a given day (mm H,0O) .pcp
HRU_FR Fraction of total watershed area in HRU hru
DA_KM Area of watershed (km?) bsn
PCPMM(mon) Average amount of precipitation falling in month (mm H,0) wgn

22.4 KRB/

EREKRXE , kL, BXMEEES , ETELTHER. RFEALLEN

B, RBRE, TIRNEREANEY. EREREREN  XLEERNY
FHORRIFEABKRE, RRRRARESSRITTH , ERENNTSEME
MAaEEESELEHRRBNER T 2R ERMER (Huber and Dickinson,
1988),

HIEFREER SWAT HH R RIZHEERT , /T HRU #5 NBEKMFE
KX, BAEZANEEREFIAEEKRBSHIIT. FEREEFEEYR
EFEKXFHRER, NF HRU HHEKBS |, B, EFYHREXASE
13 M 14 ENM AN 5 AT E HRU R EKER 0 R A R/ 8 & 5% K8 E e
DHEFRYAE,

SR REETEEEYRHNERMN PR . BEEPDRERIRESEEERN
BYNETHE. B, TRANEHRERBRETE.

E YR ERETF | KA Michaelis-Menton 21T E :

SED,,, -td

(1alf +td/

SED = 22.4.1
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XA : SED NEEYRERE (kg/curb km) , td AEEHRFE—IXSED =0
kg/curb km EHHIRE , SEDn HIB T L1t R ARBE N H AW EE AR R
D& (kg/curb km) |, thar A EEHITRM 0 RFRF% SED FTEE 4 (days). T
BRENHIZBEKENT 01 mm. B 22-1 F—NERMEHNHIF, W

BFT~ , Michaelis-Menton function ZE €I ZAM BRI IR | RBEHETIE,
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Figure 22-1: Build-up function for solids in urban areas.
REZRNEBHALNWNFHNSER SEDmx M thalf, XFNSHEET it
MR B,

HRRERREHT A EKRERAESREMNBHENTE. SWAT
5K F 18 8ok RRAE #L)7 Rl 33 2 (Huber and Dickinson, 1988):

Y., = SED, - {—e ™ 22.4.2
A Voo NTERZ t BRI R BI04 I £ (kg/curb km), SEDy H B&k B4

FIAR AFE K R BNV EEYTE (ko/curb km), and kk 73 R¥,
R kk, BRI RIEHTRERIEERELRGE :
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Kk = urbe - 0 pen 22.4.3

A Urbeoer FIFRIRE (MM™) |, Qe I EFRIEE (Mm/hr)o

urbeoes FIFISABRINE D 0.18 mm™ FHRIZE /NS 13mm BEZFRIH Rl 90%H4Y
WRANERRM. 25 urbeer BIEITETE 002-0.26 mm™ Z (A, Huber and
Dickinson (1988) ¥ 2 urbeer BIfEIT{ETE 0.039 and 0.390 mm™ Z[ART ,
HEARDRE L RS SERRENER. 2 47RE At 21K A S8 B E R AL
HEZEE,

HTIERADFEMENAIH kg/curb km BIA kglha , Rl EBRESEDH
BERUERZE, BERBENEHT IR ARENEE, RETEKEER
MEMBAR , RESREWRENED AR RRE.

22.4.1 HEFE%

i T 3t X OB 7 R A A1EE RIS E AR A AR R, BRI LURE
BERWANSREETRRRE  EPA WM RRAHEBT AN ERREN
EImEH |, BRIEF R 1TE(U.S. Environmental Protection Agency, 1983).

SWAT REEXRARRARE LT ERTISRY AR , F2MITESR
BE, IEBERRETHHT , TERE®RBRNT 0.1 mm, BXRERE
#£ 79 (Huber and Dickinson, 1988) :

SED = SED, - (- fr,, - reff 22.4.4
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A : SED JH%kE R KA EEYR (kg/curb km), SED, RBE R BT EERE
YT (kg/curb km), fro, RFREBRKEN D B(ATEHERF), reff RF XK

BFHERYE. JEERFHNERRRAAFIRE.

Table 22-5: Removal efficiencies (fraction removed) from street cleaner path (from Pitt, 1979)

Total BODs COD KN PO, Pesticides

Street Cleaning Program and Solids
Street Surface Loading
Conditions

Vacuum Street Cleaner
(5.5-55 kg/curb km)

1 pass 31 24 .16 .26 .08 .33
2 passes 45 35 22 37 A2 .50
3 passes .53 41 27 45 14 .59

Vacuum Street Cleaner
(55-280 kg/curb km)

1 pass 37 .29 21 31 A2 40
2 passes 51 42 .29 46 A7 .59
3 passes .58 A7 35 51 .20 .67

Vacuum Street Cleaner
(280-2820 kg/curb km)

1 pass 48 .38 .33 43 .20 57
2 passes .60 .50 42 54 .25 72
3 passes .63 52 44 57 .26 75

Mechanical Street Cleaner
(50-500 kg/curb km)

1 pass 54 40 31 40 .20 .40
2 passes 75 .58 48 .58 35 .60
3 passes .85 .69 .59 .69 46 12
Flusher .30 a a a a a

Mechanical Street Cleaner followed
by a Flusher 80 b b b b b

a: efficiency fraction estimated .15 to .40
b: efficiency fraction estimated .35 to 1.00

ABERTF, fry, FAEBKENIH. BEBERLTHRBREERK

E.
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HEBRNEBREABRNBFRRENEY. ERBEREFEF XA MEL ,
X T HAE D HRRE B BN SREEEE /DT B AR A EBRMER(Pitt,
1979)s AN SWAT RIREBGYRFEFMES B —ERRE , RN T
FEATHNERMERRMEEN. & 22-5 BET FTEEEFRRENERN
=,

Table 22-6: SWAT input variables that pertain to build up/wash off.

Input
. — File
Variable Name Definition
IURBAN Urban simulation code hru
URBLU Urban land type identification number from urban database hru
DIRTMX SEDy: maximum amount of solids allowed to build up on urban.dat
impervious areas (kg/curb km)
THALF thair: NUMber of days for amount of solids on impervious area to  urban.dat
build up from 0 kg/curb km to %2 SED,
URBCOEF urbgeer: Wash off coefficient (mm'l) urban.dat
CURBDEN curb length density in urban land type (km/ha) urban.dat
TNCONC concentration of total nitrogen in suspended solid load (mg N/kg)  urban.dat
TPCONC concentration of total phosphorus in suspended solid load (mg urban.dat
N/kg)
TNO3CONC concentration of nitrate in suspended solid load (mg N/kg) urban.dat
SWEEPEFF reff: removal efficiency of the sweeping equipment .mgt
AVWSP froy: fraction of the curb length that is sweepable. .mgt

22.5 NOMENCLATURE

CN Curve number

DA HRU drainage area (km?)

Raay  Amount of rainfall on a given day (mm H0)

SED Solid build up (kg/curb km)

SEDmx Maximum accumulation of solids possible for the urban land type (kg/curb km)

356



£ 22 B AEHET AL

Y  Total constituent load (kg)
Yses Cumulative amount of solids washed off at time t (kg/curb km)

fray Fraction of the curb length available for sweeping (the availability factor)

impeon Fraction of the HRU area that is impervious and hydraulically connected to the
drainage system

impgcon Fraction of the HRU area that is impervious but not hydraulically connected to the
drainage system

impy:  Fraction of the HRU area that is impervious (both connected and disconnected)

kk Coefficient in urban wash off equation

Opeak Peak runoff rate (mm/hr)

reff Removal efficiency of the sweeping equipment

thar  Length of time needed for solid build up to increase from 0 kg/curb km to %
SEDnx (days)

urbeet  Wash off coefficient (mm™)

Po Coefficient for USGS regression equations for urban loadings
S Coefficient for USGS regression equations for urban loadings
[ Coefficient for USGS regression equations for urban loadings
[ Coefficient for USGS regression equations for urban loadings
P Coefficient for USGS regression equations for urban loadings
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$F 23 B FEAKREH

EFXNEKREN N EEBHKENEAKR , i RBIETFHEBAKR,.
SWAT XA Manning NERITEKRROREFIRER, KRETNEMNZFEZ
), RAZEFMHESR Muskingum SEEE, XRS5 EZEZR HREBENT

o RTHHBHKEERBENFMNAAZE Chow et al. (1988),
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23.1 BT

SWAT RigE5mE, FaENFIRABE (Figure 23-1).

R W -
Vi

|« W, —— |

Figure 23-1: Trapezoidal channel dimensions

ARFEEECTEKE  TERHNNEEIRE |, B KATER
E , L& Manning 2% “n”s SWAT BRIZTERESRSLN 2:1(2:n = 2).

B FIDRIRE Y or 0.5, JREBTL AR E W& )2t i Bt Y FF F S B MR E R 1T

Wbtm :ankfull -2 Zy, 'depthankfull 23.1.1

N Wy FSAEEZBTE (M), Wonkun SABR HETITFERE (M), 200 7

BRI E R AIER, depthongn STERSHEHRE (m). BFRIR 2 =2, B

AR 2311 HENEBRETEANNADS 0, MRXMFRKE , BEFR
Wy =0.5- Wy, FRIEFE 23.1.1 UHE 2o

_ wbnkfull _Wbtm _

Zch - 2312
2. depth}nkfull
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NF—EREATEKR , ERKEADTERER g
W =W, +2-z, -depth 23.1.3
NA W KERSTERE (M), Worm FBEEBTLE (M), 2o FTEFILHER
I3, depth SAEKFRE (m) SAEKREBEXATNITE !
= @, +z,, -depth Mdepth 23.1.4
A Ag STEKTEEE (M%), Won JAERIPREE (M), 2, FTEFBH
EHEIE, depth SEKRRE (m)o SAEHEREN
P, =W,,, +2-depth-1+2,° 23.1.5

XA : Py SAERER (m). KO¥BXATHITE :

Ry, = A 23.1.6
Pch

X Ry —EREKBHKDER (M), Ag AEKFREEBE M), Pe is 5
EBRER (m). SEEARRKRETIRSR

V, =1000-L,, - A, 23.1.7
XA Ve SAERBIKTAETR (M), Ly STEKE (km), A AEKFEEE
(m?).

A8 Y KRR R A E AT AR E RV s A FRET |, S RIVIKEEIE

M. SWAT H{RIZHYANEM AR A 23-2 FiRo

| . Floodplain | |
Channel

Figure 23-2: Illustration of flood plain dimensions.
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S MERE TR |, Womfa, 59 Wy g =5 W o SWAT RIRAEHM =
BTSN 4:1 (29 = 4). SEMEEL KAV or 0.25,
KR AERE , KRRE, #EEENEANITE , FEATEMNTE
BB
depth = depth,,,, + depth,, 23.1.8

An = (\/btm + 2, - depthy ;depthunkfull + Wbtm,fld + 244 - depthy, :‘depthfld 23.1.9

P, =W, +2-depth, - v1+ 2y’ +4 Wy +2-depth -1+ 2,,° 23.1.10

A : depth KFRERE (M), depthymgn SAB KR STFIRE (M), depthag S8 ¥

KFRE(M), An SAEKFEBE (M), Wom FABEEDBREE (M), 20 7
B E R BB, Womag SA8MEIBIE (M), 21 J9RRM R0 E R B2,
Pon —EKFIREHIKDERE (M), Wonkun STEKRFRTFERE (m).

Table 23-1: SWAT input variables that pertain to channel dimension calculations.

Variable File
name Definition Name
CH_W(2) Wonkeun: Width of channel at top of bank (m) e
CH_D depthpniun: Depth of water in channel when filled to bank (m) rte
CH_L(2) Lenr: Length of main channel (km) rte

23.2 FEFEIE

EXPEEIRAR Manning 512 ARITE 4 E R BUI BN B KRR EFIE

"

2/3
U = An-Roy” - slpy,” 23.2.1
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ch_____EEEL_ 23.2.2
n
XA qe SAEKBERE (M¥s), A STEAFREEE (M), Ry ATEREK
TREIAK D EE (), slpen SAEHKE (m/m), n A A& Manning “n” &3, and v, 5
BAKTRIE (M/s)o
SWAT BN BMEE KR, KERBENBEGE , Ax, BREESE
23.1.7 KR

Vch

& 23.2.3
1000 L,

Ach:

RN A JOTEKREER (m) Ven STEEAFMEEIKE (ms), and Ley JAT

EBKE (km), B BEHFE 2314 ALITESENERNKRIRE -
depth= \/Am ( btm J _ Wom 23.2.4
Z,, 2-1, 2-7

XA : depth STEKFRE (M), Axy JTE KR EBE (M), Worm STEEZRT
B (M), z WAERGKENAR, F1E 2324 EXREREEEITERER, W

RokFgAE |, #AEM , MAGREA TR :

23.2.5

Z g 2'Zf|d Z'Zﬂd

~ 2
depth _ deptho " \/ Q‘ch - Ach,bnkfull —y (Wbtm,fld ] _Wbtm,fld
- nkfull

A o depth KFRIRE (M), depthonkun I IKTRITEBTEAERE (M), A K
FREBE(M?), Ao AT ERFDTEKFREEBE (M?), Womae STEMEZRE (M),
Zng JIOR08 M I 3 FE Y BB
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—BREWE , ATLRA ST 23.1.5 (3% 23.1.10) M 23.1.6 ITEEAFK
H¥ER, B, TEKRRENERRZNFAESHKBFEH , TARMAEE 2321 M

23.2.2,
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Table 23-2: SWAT input variables that pertain to channel flow calculations.

Variable File
name Definition Name
CH_S(2) slper: Average channel slope along channel length (m m™) rte
CH_N(2) n: Manning’s “n” value for the main channel 1te
CH_L(2) Len: Length of main channel (km) rte

233 TREMEESE

FEFMEL 5 ER A Williams (1969)FF & , 3K HYMO (Williams and

Hann, 1973)#1 ROTO (Arnold et al., 1995)#& & /A,

NFE-TR , FHEERBEERLE

Vin _Vout = AVstored 233.1
X Vi, BENEHAFRE (Mm* H0), Vo BENEBRHNEFREE M H0),

AVsored A TERTBUAEF M 2L (m Hzo)o —HREEAUENR
At .(qin,l '; qin,2 J _ At .(qout,l "2' qout,z j :Vstored B _Vstored . 2332

XA At BRKE (9), Qg ZNBRFFBROATIEE (M), gin. RETERE
RETATEE (Ms),  Qous ZBTERIF IAETHY HHTRIEZE (M%s), qouz RETEREE R AT
i HFREE(MSS), Veoreas ZETBRFFRETHIFMHE (M® H20), Veoreap is ZETRE R
NEF#HE (m°H,0). EBATRE 2332, FAECANSBRHELL ,

qin e +Vstored 1 qout,l — Vstored 2 + qout,2 2333
’ At 2 At 2
. . Iz ‘ . _ qin,l + qin,2
XA (in,ave TR A RIER - ; =—

qln,ave 2
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B R A B R KR BBR UK RIEE RS

TT = Vstored _ Vstored 1 — Vstored ,2 23.34

qout qout,l qout,2

R TT JEBETEI(S), Veored NFHEE (M° H0), our I HETEZE (m¥s).

NER B EFERBEIRR , FHEE 2334 RKANKA 2333

qin e + Vstored 1 _ qout,l — Vstored 2 + qout,z 2335
’ (At) Vstored,lj 2 (At) Vstored,Z] 2
TT qout,l TT qout,2
EXATLAREER -
2-At 2-At
=l ———|q 1-—=—— | 23.3.6

qout,2 (2 TT + Atj qm,ave +( 2 TT + At) qout,l
LtENFRERBIGEMEM

qout,z =SC- qin,ave + (_ SC):]out,l 23.3.7

RNH :SC NFMRE, HTE 23.3.7 75 SCS convex JEEHE(SCS, 1964) F

Muskingum 3:H89E Rt (Brakensiek, 1967; Overton, 1966), #8#E 23.3.6 , 5% 23.3.7

FREERBENR -
SC:——EJQL— 23.3.8
2.TT + At
B
Vstored
(%SCZhwt=SC'—K;— 23.3.9
KABTE 2337 B
Vstored 1
qout,z = SC . qin,ave + T 23310

MEERINBE , EENAEFRLERFAREKE
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Vout,z =SC- qin +Vstored 1.
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23.4 MUSKINGUM SRE 53k

Muskingum SEERERARENRLFHRELATEFNFHEREE

(Figure 23-3),

Wedge storage = KX (G — Goud

Pristn storage = K g,

Figure 23-3: Prism and wedge storages in a reach segment (from Chow et al., 1988)

LR ACTEREY , ARBEHR , FEREEE. BERKREER ,
HRBETAR , FEAEERFE. RTREE®  TREGEREEFE , OE
iR, BEFEANBENITRPR/NMEBEELUTKEER,

BIE Manning 52 (equation 23.2.1) , KRN BEBE B BRI N 5L ETRH
MEEL. BIEX—RIR, BEFETARTAHBRHER, K g, K F
FREHROLES , HRANRE, RAMCNEE  BEFENEET
RIRAK-X -G, — Qo » X AARERRENEFHENENEEENNE
HFf. S EEMMEHED :
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Vstored =K- Qo K-X- Qn - qout: 23.4.1
:_l'—tq:' . Vstored ﬁ{%gi (m3 HZO), qin ?g Aﬁﬁ% (m3/5)1 qOUt Hjﬁi;_ﬁ_’:%z
(m’fs), KB EME T RIEL (5), X ANER T, X—HARBANEFLHEN

Vstored =K- « -G, + (_ X ):]out: 23.4.2

X—ERATHE 23.3.7 L.
RERF, X, &RIEN 00, &SN 05, X—HAFHNEEFEIEK. XT
IKEETRRE | RBERTEEFM®  X=00, HTEE£EFE, X=05, BRANE X B
FHE 0.0 M0.3 A, FHR 0.2

FE 2342 P FRBENEN LB ARIESLSTE (2332)H , HREML
A

Oout2 =C1 Uiz +Cy - Uiy +C5 - Uy 23.4.3

KA gy ZE BT BN AREEMYS), qn, KT BRLE RETHAFREER

(M%/s), Gout. is TZEY BRI 24 B 9 i TRIE R (Ms), Gouro BT BREE SR AT Y TR IE R

(m°s),

C, = At=2-K-X 23.4.4
2-K- =X JAt

= ek X 23.4.5
2-K-€-X YAt

C3:2-K-(—X}At 23.4.6
2-K- =X YAt

XF: C+C,+Cy=1. NTHABNERTANBERN , IR 2343 FL
EIEP RS

Vout,z = Cl 'Vin,z +Cz V, +C3 V,

out,1

23.4.7

in1
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ATHREBEREYE , BETEANER , WXEHRL TEHRE
2-K-X <At<2-K-€=X_ 23.4.8
RERFHE, X, AAFAA. FHENEDERERETGE
K = coef, - K + COef, - Ky 1psun 23.4.9
XA K STERPFE#EERESR (s), coef, , coef, AFMANNERS ,
Konktun SAETEST BRI FER B E(S), Ko T2 2 —FRKRE
T+ BT BRAF ik B ) B3R (s). KA Cunge (1969)FF R A9 A2 R B Koniun

Ko.1bnkfull

1000 L,
Ck

XA K FREEBEER (5), Lo STEREKM), o —ERE TR RENE

K= 23.4.10

Ri(m/s)o Celerity RSAEKREETLHER K HENRN :

c 23.4.11
k d&h qch

RHKRMRE, qon, B Manning FRERITE., AR 23.2.1 NHEBER

5183 ;
23 12
Ck=§ Ry slpo, ~ =§'Vc 23.4.12
3 n 3

A o A celerity (M/s), Ry —EREFLETEIKDER (M), slpey SAEHE
(m/m), n A&/ Manning S8 “n”, v. KFEZE (m/s).

Table 23-3: SWAT input variables that pertain to Muskingum routing.

Variable File
name Definition Name
MSK_X X: weighting factor .Jbsn
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MSK_CO1 coef;: weighting factor for influence of normal flow on storage time .bsn
constant value

MSK_CO2 coef,: weighting factor for influence of low flow on storage time .bsn

constant
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23.5 {EREM L

BRIEST R A R |, AT LA N BREAR . (8] BRAESATR A & 505K

BREDTRESFEHHEMZERENBABKR , EHENE R TEN,
RIEMEAR  E—FEHHNHBoRERTEYN , ERL i T AENUARER
HEKR. BEAR , ERFEBEBE TRES , BEFKR,

TERR B EWH T KA T ER | SINE AT sE @ [ 7 = F K BB 4% 1%
BMRKD, EBERABELTRITH

tloss=K,, -TT-P,, - L, 235.1
A : tloss FMEAERK (M® H,0), Ko FERRENERKDESE
(mm/hr), TT KRBBEE (hr), Poy FEE (M), Loy JOMERE (km). 57
EREBRE , WEREATEEESREBT K,

TRRRYRE K, WWEEER R 23-4 X FiELERH T KMAtS

HYE SR , BRKDESENR 0,

Table 23-4: Example hydraulic conductivity values for various bed materials (from Lane, 1983).

Bed material Bed material characteristics Hydraulic
group conductivity
1

Very high loss rate Very clean gravel and large sand > 127 mm/hr
2

High loss rate Clean sand and gravel, field conditions 51-127 mm/hr
3

:\él:sdf;f;ew high  Sand and gravel mixture with low silt-clay content 25-76 mm/hr
4
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Moderate loss rate

5

Sand and gravel mixture with high silt-clay content 6-25 mm/hr

:”S'g”'flcam to low  Consolidated bed material; high silt-clay content 0.025-2.5 mm/hr
0SS rate

Table 23-5: SWAT input variables that pertain to transmission losses.

Variable File
name Definition Name
CH_K(2) Ken: Effective hydraulic conductivity of channel (mm/hr) rte
CH_L(2) Len: Length of main channel (km) rte

23.6 EBK

ERZEREBRE , RATHITE :

E., =coef, -E -L, -W- fr, 23.6.1
K Eo B RIREE (m° H0), coefoy AEERE E, WEERR (mm

H20), Len JUAEEKE (km), W KESTEMTE (M), frae K TR AIE A BT[]
5 B (8] 25 Y 20 B

BREXZRBEAFPTASE , ET{tBERN : 00 - 1.0,
K TRAE ST & = B[R] 5 B 18] S5 Y 20 BROIRHAE San Bt B BR UA RS B 2B K 1B &,

Table 23-6: SWAT input variables that pertain to evaporation losses.

Variable File
name Definition Name
EVRCH coefy,: Reach evaporation adjustment factor .bsn
CH_L(2) Ler: Length of main channel (km) rte
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23.7 BANK STORAGE
B A TR EENAEBRATRITE

bnk,, =tloss- €~ fr, 23.7.1

ms _

XA : bnkiy R R FHEBKEM® HO) , tloss Jo 58 7% #E18 k (m?
H0) , fruns J93EARE tth T KHY I E A5 3B K 20 B,

STBF M AMA T RIS ESMES R, FOREN E A& EL
FEE T RIMAMEL, RTFRFEEATENKEHTRITE !

Vo =bnk- C-ay, 23.7.2
RNF Vo ABEEEFR , MAREF#EEACTERKE (m® H0), bnk 35
EFEBKEM® H0), oo NELHRERERK.

K UM R AMENIEENX, SWAT BIBZRHE KD FES
BEUK D mEEMNXNEF, ATREETERANBRNES , X—TI2
HE LR ‘revap’s WA KIE B REYRRBRO RS+ 2
S & MNUEFER revap A FRBPRE— HRU Bith FARER KR R
ZEo

LB M B 1745 8T rovap BBRAV R AKER -

DK 5 = Brey * Eo * Loy W 23.7.3
A bKrevapmx TIRIK D BB R AFEMA XM HRAKE (m° H0), frov BR
RR¥ , E, BUIABERMBEK (mmH0), Ly STEKE (km), W KEE
RE (m). BEIBXGFEBRRERTAITE !

bnk..,., = bnk if bnk < bnk 23.7.4

revap revap,mx
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bnk = bnk if bnk >bnk 23.75

revap revap,mx revap,mx

A 1 bkrevap T BI7K 2358 B3 A JE4E F (X 49 SEBR K B (m® H,0), bnKreyap,mx 1
Bk 7 @it AJEMAX B & AKEM® H,0), bnk B B FF 1A KA = 174

(m3 HzO)o
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Table 23-7: SWAT input variables that pertain to bank storage.

Variable File
name Definition Name
TRNSRCH fryns: Fraction of transmission losses partitioned to the deep aquifer .Jbsn
ALPHA_BNK awn: Bank flow recession constant or constant of proportionality Ite
GW_REVAP 4 Revap coefficient gw

23.8 JAEKER P

R ESKERE |, SAERHKEFRE

Veored 2 = Vatored 1 T Vin = Vour —tloss—Eg, +div+V,, 23.8.1

I_l'—tq:' . Vstoredz joﬂEﬂ'LF‘LQ BEH-J' , /—.l- ':F'H’J7J<ﬁ{%i (m HZO) Vstoredljj

BB H KT EaET |, S8R Rk F#EE (M H0), Vie AETRSKR#H A

SER

KEBM® H,0), Vou FEIAIZERFETEHIAKE (m® H,0), tloss BT SAIGR

HSE A TRALIBIRK (m® Hp0), Ey AR BENRKXE (m® H0), div

BAITEA B HEE (M H20), Vone SR B EIATRE L TIE

(m® H,0).

EKkE

SWAT A5 23.3.11 5 2347 itEWHER , EFABEKEN S ER

B, SITEEBRAK , ERVNECKDHMKRE , HAT AR H7AE R

L, HRMECHRACMNERFRE 23.3.11 = 23.4.7 WitEEMESE,
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23.9 NOMENCLATURE

A Cross-sectional area of flow in the channel (m?)
Ach,bnkfu"Crcz)ss-sectional area of flow in the channel when filled to the top of the bank
(m°)

C1 Coefficient in Muskingum flood routing equation

C2 Coefficient in Muskingum flood routing equation

C3 Coefficient in Muskingum flood routing equation

Een Evaporation from the reach for the day (m* H,0)

E, Potential evapotranspiration (mm d™)

K Storage time constant for the reach (s)

Ko.abnkiunt Storage time constant calculated for the reach segment with one-tenth of the
bankfull flows (s)

Konkiun Storage time constant calculated for the reach segment with bankfull flows (s)

Ken  Effective hydraulic conductivity of the channel alluvium (mm/hr)

Len Length of main channel (km)

Pcn  Wetted perimeter for a given depth of flow (m)

Ren Hydraulic radius for a given depth of flow (m)

SC Storage coefficient for variable storage flow routing

TT Travel time (s)

Vonk Volume of water added to the reach via return flow from bank storage (m* H,0)

Ve Volume of water stored in the channel (m®)

Vi Volume of inflow during the time step (m® H,0)

Vout Volume of outflow during the time step (m® H,0)

Vsores  VOlume of water stored in water body or channel (m* H,0)

W Width of channel at water level (m)

Wonkan ~ TOp width of the channel when filled with water (m)

Wy Bottom width of the channel (m)

Wpmag  Bottom width of the flood plain (m)
X Weighting factor in Muskingum routing

bnk Total amount of water in bank storage (m*® H,0)

bnki,  Amount of water entering bank storage (m® H,0)

bNKrevap,mxy Maximum amount of water moving into the unsaturated zone in response to
water deficiencies (m* H,0)

ck Celerity corresponding to the flow for a specified depth (m/s)

coef;y  Weighting coefficient for storage time constant calculation

coef,  Weighting coefficient for storage time constant calculation

coef,,  Evaporation coefficient

depth Depth of water in the channel (m)

depthpnksun Depth of water in the channel when filled to the top of the bank (m)

depthny Depth of water in the flood plain (m)
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div. Volume of water added or removed from the reach for the day through diversions
(m* H,0)

friensFraction of transmission losses partitioned to the deep aquifer

frac Fraction of the time step in which water is flowing in the channel

n  Manning’s roughness coefficient for the subbasin or channel

gen Average channel flow rate (m®s™)

gin Inflow rate (m%s)

Qout Outflow rate (m®/s)

slpsn  Average channel slope along channel length (m m™)

tloss  Channel transmission losses (m* H,0)

Ve Average channel velocity (m s™)

Zcn Inverse of the channel side slope

Zng Inverse of the flood plain side slope

aink Bank flow recession constant or constant of proportionality
Brev Revap coefficient
At Length of the time step (s)
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£ 24 E pRIENVRR

STERREALHBEREFRANAIRE , JIRANAR , IFEANAIEBERENER LKL,
SWAT HEEMER S EBERRAMBATEESITTEI R R, B SWAT tm

PERUTERRINT B |, AERUE R P EFTELS,
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241 FEHNERE

LERTHY SWAT hRZS SR A3 A8 it Bh =& U e il 0570 Bef 328 BE LA &5 8 M RYORE
SUFR (Arnold et al, 1995),  Williams (1980) X Bagnold (1977) & K93
MBI R T RIBPTEREMNERITEFRN TR, ERREF , XEHE
WML | ST B AT B Ry B A B AE K RIS ETRIER A B, S8 KR IE
ERE ven i, A

Vch,pk = q;:pk 2411
h

A Qoo STEEBERFE M%) , Ag STEKRNBBERM?). AEE
BEERRN :

Oon k= PI -y, 24.1.2

XA prf NEEZRRAERT | qn AEFEHRE Mm¥s). FERE ., qo,

WitE , URKHREBEER |, Ax, , EE 23 B8N0 4AE,
ST R AR IMBIRDE -

conc,

sed ,ch,mx

= Cq -Vch’pkspexp 24.1.3

A CONCseq.onmy JI 5718 T 81 K5 9 B KB 205K B (ton/m” or kg/L), cp A F
EXHRE, Vonpk STEEERE (m/s), spexp FAFPENKHIER. B,
spexp , BEE 1.0 - 2.0 2[AZEAL , EHHH Bagnold STENRFREFIRNA

1.5 (Arnold et al., 1995),
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FE 2413 PR RNRDREZ SN E S KFHRIDTERDRE LR,
R cONCyy i > CONCy oy e ILIRBAIEMEERE , AIIREXA T
"

oV, 24.1.4

sed g, = €ONCey i —CONCLy oy

dep sed ,ch,i

XA - Seddep SABIARREIDE (metric tons), CONCsegeni SAIEFHRIELIRE
(kg/L or ton/m®), conCseq chmy JI B AT IS I SR ATE R E (kg/L or ton/m®), ,

Ven SATERFHIKE (m® H,0).

MER cONCyy 4 < CONCyy e » PRIRTTEMN EERRE , HBERTHR

DENRN
~
SEddeg = ¢0ncsed .ch,mx —CONCyy ch,i /'Vch ' KCH 'CCH 24.1.5

A : sedge SARBESZHRDE (metric tons) , CONCsegcnme JISAIE A IS
MR ARDIRE (kg/L or ton/m®) ,  conCseqcni SABHIRTEIDIRE (kg/L or

ton/m®), Ve S ER R HY K B(m® H,0) , Koy FTE AR F (cm/hr/Pa) ,Cex

AEBEERF
BENRNTRES , TENRLRDERUEE
sedy, =sed,,; —sed, +sed;, 24.1.6

NA : sedy SHE AR EYRIZ I E (metric tons), seden; B 18] 25 W FF 4 B 5] 38 R
HRZITEDE (metric tons), sedgep A ERILAR A JEA & (metric tons) ,  sedgeg A

BEAERNRDE (metric tons).
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SHEFR R RS ENR

sed,,, = sed,, Jow 24.1.7

ch
A sedoy SAERHHAEDE (metric tons), sede, STEFHEZRADE
(metric tons), Vou BTAIS KRB HRE (Mm® H0), Vo SARFHKE (M

H.0),

24.1.1 SEREREF

B EREFEBSZ LS USLE AR DR MR FAAEL. a4

B ¥ =2 5] PR B 5] R A I B B K

SAEAMMASAKPEEHNREERNE, X—HABRNELFRE K RS
REEEBEZNTENELNEPRARTENBIHRIRKAOES. 1B
BT ER 0¥ 5T 89 RS A E R Y 45 B . Hanson (1990) FF & T —NAE
FiOMERMMERBN G E 2B ERAKPEEF R, Allen et al. (1999) K
AX—AZEBET Texas =T ZAMEXAAE AR F,

KT BEESREESAKEE ERIREENEXEMIESEF M (Figure
24-1), BUCSENEETECRE HRIEEBRNYRE | SIRREREE
HVEER  SIRXOMNER , HREE , 6@, REZEN T HERE
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Submerged Jet

In_

Elevation of jet
above surface

hlaximum

b

Original surface

Surface after test

gure 24-1: Simplified cross-section of submerged jet test. :
Hanson (1991) BX 7 —MFREH, J, UHAMESKTHREE~ 4
M RIEER R, STTRIEHCN 2RISR R T 04 Rl & RE ST IEER
B
FRIERREIE ASTM #54 D 5852-95 WH IR B &/ —FERIREERN,
—BETRBREE , ETRERERATRITHE

Koy =0.003-exp §85-J; 24.1.8
RN Koy STETMMERE (cm/h/Pa) and J; SHRIEHR. —&BERT , A&

AR A N N RE R
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24.1.2 EBHRF
TEERET |, Con , BN —RAEWERE THTE R B S5 BHE
ETERIRO LR, BHRNETREEOATEE , RERMHD , I
BEMER/D.

Table 24-1: SWAT input variables that pertain to sediment routing.

Input

. A File
Variable Name  Definition
PRF prf: Peak rate adjustment factor .bsn
SPCON Csp: Coefficient in sediment transport equation .bsn
SPEXP spexp: Exponent in sediment transport equation .bsn
CH_Ccov Cch: Channel cover factor .rte
CH_EROD Kch: Channel erodibility factor (cm/hr/Pa) rte

24.2 JAERYIF N

£S5 | SR EMBNITE , EENUIERTEESRETREN. SWAT a1

BELTEARTIAMNEE ., HERY MREARELET |, 18 S EE L AT 8]

BARTUETLN,
ENTEESSHIUENERTYMMEELPRE . FERE

depthonktun , SABETEE , Wonkunn , SAERE | slpene SAEKERBIT 1.4 x 10° m®

Etj- , 5ﬁ.|. /zl_»*EETEE’JE*EEE%ﬁo

RUEXATRITE(Allen et al., 1999) :

depth,,, = 358-depth-slp,, - K., 24.2.1

386



24 B O RAVER

R :depthge REYITE (M) , depth SAEKIR(M), slpen STEHEE (M/M) , Kep
AT 4d 4 R B (cm/h/Pa).
HWSTERER :

depth, g = depthyg; +depthy,, 2422

KA depthynun ST ERE (M), depthpnkuni L BTRYTT EIRE, depthge R ETTE(m).
BN ERERN :
Wonan = ratiQy, - depthy, 24.2.3

XA : Wonkiun S 18 BEXERE (m), ratiowp AE ﬁﬁktt depthpnkun A& FTRY 5T

EARE (M)
FTROTERE R -
depth,
Ip, =slp, — ——dat 24.2.4
S pch S pch,l 1000 . Lch

RN :slpen FECAEREE (m/m), slpe,; BLBIBAERE (m/m), depthonun
STEHFNSFEREM) , La AEKE (km).

Table 24-2: SWAT input variables that pertain to channel downcutting and widening.

Input
. o File
Variable Name  Definition
IDEG Channel degradation code .cod
CH_WDR ratioyp: Channel width to depth ratio rte

24.3 N OMENCLATURE

A Cross-sectional area of flow in the channel (m?)
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Ccn Channel cover factor

Ji Jetindex used to calculate channel erodibility
Kcn Channel erodibility factor (cm/hr/Pa)

Lcn Channel length (km)

Ve Volume of water in the reach segment (m® H,0)

Vout Volume of outflow during the time step (m* H,0)
Wy Top width of the channel when filled with water (m)

Csp Coefficient in sediment transport equation

CONCseach;  Initial sediment concentration in the reach (kg/L or ton/m®)

CONCeed chmxy Maximum concentration of sediment that can be transported by the water
(kg/L or ton/m®)

depth  Depth of water in channel (m)

depthpnkiun Depth of water in the channel when filled to the top of the bank (m)

depthgcue Amount of downcutting (m)

prf Peak rate adjustment factor

qen Average rate of flow in the channel (m?/s)

Qenpk  Peak flow rate (m*/s)

ratiowpo Channel width to depth ratio

sedsn  Amount of suspended sediment in the reach (metric tons)

sedseg  Amount of sediment reentrained in the reach segment (metric tons)

sedsep  Amount of sediment deposited in the reach segment (metric tons)

sedoit Amount of sediment transported out of the reach (metric tons)

slpen ~ Average channel slope along channel length (m m™)

spexp  Exponent in sediment transport equation

Venpk  Peak channel velocity (m/s)

24.4 REFERENCES
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Hanson, G.J. 1991. Development of a jet index method to characterize erosion
resistance of soils in earthen spillways. Trans. ASAE 34:2015-2020.
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% 25 ¥ ZESTENEFYURII
=

FRARNSHALINNRFRER , @FERY. SE8&., £1LE
SE, WML LIRMAEY (Loehr, 1970; Paine, 1973), XREEHNSHERE : |
Bk, BREUAKERE (Azevedo and Stout, 1974),

SWAT B Y538 MK 5T 8 5% KX A QUALZE #E 2! (Brown and Barnwell,
1987) AEM N B EERH Brown and Barnwell (1987)#9 32k,

STEREFYHRCNEUELH I SWAT EEM LA, RFE
BREUTERNE TR , ATLURE ARSI (.cod ) PFHEE IWQ iR A

0, ANRBBIFIZIZh 8 7T BARE IWQ RN 1o
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25.1 K

EBEX , BREBIXSERBIKGRNARERE. EBR L, BX

BWRERBOBBERE, FRNERNET , ABCTERN D ESF
YITEER . ANTR B SRIUTE PRRERN G E.

25.1.1 M&3E A

&% a WBRRANEFHRREYEREREL,
chla = «, - algae 25.1.1

XA :chla FHEE a IRE (ug chla/l), o AHEE a SEXRLEYEN

Ebfil(ug chla/mg alg) , algae EEEYERE (mgalg/L).

25.1.2 HR4EK

WRMEE a AEKNTRENERER, WRIEE, JHURERNEHR
ERYRENRBITE, RREVEEEL AT

Aalgae = (Q .algae } @, - algae}(

algaejj'TT 25.1.2

N : Aalgae WEREYEREZTIL (mg alg/ll), ua BEBFEXRERKER
(day™), p. AEPREEFBRAMIETER (day”), o FIPREEIEEE (m/day),
depth SATIEKRRE (m), algae B BT BT RREYERE (mg
alg/L) , TT J9/KFRAE A& P B9 4% a0 B 8] (day) o STTIE 7K 55 3R BE 4% 6 Bt [ B9 1
EEHEE 23 ERNA.
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25.1.2.1 FEFERERKER

BEHEREKEERMFERAYISHE., XFTEENEEI,
SWAT B&itE 20°C R THEKER  ARREKRARIZE

Il

R, AFRAZMEERITEEFRMAENERWIN : FF, REE
FHUMBENF,
BRERF R, BNBRERE FHRIAEENBERRER
BERIEMBL, X—ERNEYZEMNAESERATBEENGERX
R

a0 = Mg - FL-FN - FP 25.1.3

KA 20 20°C EH TREEXERKER (day?), pmex BAEEEK

RE(day™!), FL XEREERERKER , FN BRGIERERHESE
EKER ,FP NBRGHRZREHWERERTER, HORREKR
EHAFBEE.
EFRYREIER , REBEXN ( ERBE ) WRBIKITEREREK,
EFRYIABNRERXR , BREFYWEFRYRNRTERN. &
RERKBRRHRHEAFRNMINEFTYIRS X—FE5 Liebig &/
EEMEL

a2 = Mg - FL-min€N, FP_ 25.1.4
R 122020°C FHETRIBEXREKEE(day "), umx RABREK

HEE(day ™), FL R ERAEREKRR , FN BRAIERERNERE
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KER ,FP ABRHERERWERERER . BARREKEERR
FAF#E.

WM ERZ EERANAHTEENEERALN , ILAARFRE
25.1.3 M 25.1.4 WIAM, FREKERRANEFTYHFERIRE
&, EFRYEFDIEHBNEEEE

Hazo = Hax - FL — 25.15

()

7_{_7

FN  FP

XA g BEEXRLERER (day'), mmwx RRNBEREKER
(day'), FL X ERWEREKTER , FN BRFIEEERNEREK
EE, FP HBiRFIERENERLRERKER. RAREXERKERH
APFBE.

K., BNBEKRBRERFOUHEETENDD N E.

FRERKBRHEF
BRI E—EXSEREXANRRARE. FIAENXRE
RAXSEARELHNEINMEN , EERE —EMNKZEATIE
ME, FRERKRHE FRITERA Monod #8775, B
BX—7% , BRERKERFIRFENRN :
I

- phownz 25.1.6

FL, =
K. +1

phosyn ,z

XA FL, RE z EREKKRFIRF Iphosyn.z NAKET z
RERL , REXEERNIBEMIM™hr) , K. RHXH¥EM
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R B(MIm?-hr), {23 A 4RI B KA 400 - 700nm Y
B . XNFENBABENNERERERNRERERER
S0%ET R KIBE . XM EENRBRBAAFENLN., XEEA
WRREBAN KR RE, HBERERENTLIRYE Beer E XL
TE

| orosn 2 = ! onosyn e EXPEK, -7 25.1.7

A lohosyn, FAEHE KA EF B Y58 B (MI/M>hr), lohosynnr IS
E— PR ABEGR/KEREXEERN KPEEH
(MIm*hr), k, SHEREM?Y) , z AEEKEREmM). F5

2 25.1.7 RAHATR 25.1.6 , W FARKFRRERSBE :

K |
FL = L -In L ¥ oo 25.1.8
k, - depth KL+ 1 gnosyn i exp €Kk, - depth

XA FL KERRERSEERKRFIR T, KA KR F MR

(MIIM2-hr), Tphosyn e TE —/INEF R B3 1t 50 /K E (R 3 & 1R FR Y
APBAEEST (MIm*hr), k,SHEFRE (m™) ,depth i SAEAFRE
(m), RHEXEERANAREFRATRITE :

|

=1, - fr 25.1.9

phosyn ,hr phosyn

A Iy AEY B — /e R BR R OKERE XS EAN
ABREES (MIm?2h?Y) |, fronesn APBEET PR XS ERAKER
TR, | NITEELEE 2 EHRNE. KBS HEH
KEERANSTHN I BRBAFENN,
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XTFBEEY , RAEBXRBERRERARERE FFEE,

ZEXHAARE 2518 MEER :

K o+T
FL=092. fry .| — |- In| L™ oroonar
k, -depth K+ exp €Kk, -depth

phosyn ,hr

25.1.10
R : fro, B EKMNEEEBRODB, T, isthe B
TR KA RN KBE (MUmbhr), HETBMESH
EHE. B8NS BRSO BE TR E

TDL

fr, =-DL 25.1.11
P 24

R Tou i HEK (1), T, AFRITE:

i _ M 25.1.12

prosm i TDL
HHF 0 fronosyn NIERXEERANARBHO DI , Hiy HE
A BEKEA AR (MIm?) , Too B, Hey
To. WITEEE 2ERFEENE,
HERE , k, , BIEFRXEBE , XATXIHE .

k, =k, , +k,, -, -algae+k, , - € -algae ¥ 25.1.13
Rk, NFEREBIBEELREMY), k, &HEREE
ERWAB (m' (ng-chla/ll)?), k, AFELURXBERRE
(m™ (ug-chla/L)®), ap AHEE a SBEXEYMENLER (g

chla/mg alg), algae NEEREYERE (mgalg/L).
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K 25113 IMENTENREXAER. BEXR. K
k,, =k,, =0, MFELEXBERK. S k,, =0 B k,,=0, &
PEMRRBAER .S k, M k,, BTN 0, BEILMFERXE
B %, o Riley 73 # (Bowie et al, 1985 & X
k,, =0.0088 m™ €g-chla/L J El

k,, =0.054 m™ €g-chla/L ¥°.

RREKEFURFRT.
BRREKRFARFRE Monod RIEXE o RIRFK
B R A REMHREL N TNEHRIE.

EN = CNoa +CNH4) 251.14
CNO?) + CNH4 ) KN

XA PN RREKNERSIEF , Cyos NIAERHEKEIK

E(mg N/L), Cwu AERERE (mg N/L), Ky AEN
Michaelis-Menton ¥48REZ (mg N/L).

FERERKNBRS R F 2B Monod RIEXE X :

Cor 25.1.15
CSO|P + KP

FP =

XA FPERRAEKMBIRFIE T , Cor NABSBERE (Mg

P/L) , Kp A ®BEHY Michaelis-Menton ¥ 48F1 & (mg P/L).
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FAMBE Michaelis-Menton M E BN FRXE KR HER
REKER 500N E. BORE. Ky WEBEEEN 001 -
0.30mgN/L , Kp 79 0.001 - 0.05mgP/L,
—Bi1tH 20°C TEREKER | A KERFRFREMA ,
A Streeter-Phelps 23\ 2 -
fhy = [y 5 -1.047 Guar 202 25.1.16
XA u AESPERERKER (day’), e 0°C TEELEKER

(day™) , Toaer HFHBKE (°C)o

K 2 BB Y IR 3 =

BENBBIRRAFCERRRE=ME RN SRR - REOK
£, REBMEANBNEL , ARRXAOENENEL. AF
EN 20°C TREFRER, WRELREFZHARBE

Pa = P go - 1.047 G202 25.1.17

RHF oo FEBERIEE (day™), pazo 20°C TRHEBIFRIER(day™) ,

Twater ?g qzig H 7}(;‘5(0(:)

25.1.2.3 FERBIEEIERE

REIUERRARBTIVEM AR A RRE, AFPENHE
20°C THYRERIUEIER, JUEERRRFERBARRE

Oy = 0y 5 +1.024 G20 25.1.18
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:_Ltq:' oo %ﬁlz/)l,;i\ $ (m/day) 0120 20°C TE’J%ﬁB/)L;E\ $

(m/day) , Tuwaer FFEFHKER (°C)o

Table 25-1: SWAT input variables used in algae calculations.

Variable File
name Definition Name
AlO ao: Ratio of chlorophyll a to algal biomass (ug chla/mg alg) Wwq
MUMAX Lnax: Maximum specific algal growth rate (day™) wwq
K L K.: Half-saturation coefficient for light (MJ/m*hr) Wwq
TFACT fronosyn: Fraction of solar radiation that is photosynthetically active WW(Q
LAMBDAO k“J : Non-algal portion of the light extinction coefficient (m™) wwq
LAMBDAL k| . : Linear algal self shading coefficient (m™ (ug-chla/L)™) wwq
LAMBDAZ k. Nonlinear algal self shading coefficient (m™ (ug-chla/L)™®) wwq
K_N Ky: Michaelis-Menton half-saturation constant for nitrogen (mg N/L) ww(q
K_P Kp: Michaelis-Menton half-saturation constant for phosphorus (mg P/L) .wwq
RHOQ pazo: Local algal respiration rate at 20°C (day™) Ww(
RS1 010 Local algal settling rate at 20°C (m/day) Swq

25.2 BEEH

ERSEKGEFR BHIAAIUN-FS -SRI NIR, WHRLMERLE

BNE BT BEIIUEER. ATFTERIUTENERBINTE.

25.2.1 BAHE

AEREYEITUETEREYERECAEVEMEMN, SAEFH
VMEKELLESRCAERSMELILEMRY, BlANENEZL
n
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AorgN,, = €, - p, -algae— f3, , -orgNy, — o, -orgNy, -TT ~ 25.2.1

XA AorgNyy BHEREZN (MgN/L) , oo RREVEPEHNDE (ng
N/mg alg biomass), p. FEBEEFFIRFETIRE (day™’), algae EELL BT
MR EZE (mg alglh), Az BNEKBASENERER (day™),
orgNy, &L BF B ANERE (mg N/L), on BHEIUEERERE (day™),
TT KRETERHEEITE (day)e FREVEFNEIBRHAFEN
M. F1 25117 HRBIWRLFRERWITHE, EENENITESES 23

AFEN 20°C TENAEKBAESENERER , ZEBRESBICREE
Bu s = By gz - 1.047 G2 25.2.2
NP : Az BEIENEKBRIERNERER (day™), Asp 20°C TENEAE
KENERBHRRER(day™) , Twaer 7 BEKEB(CC).
AFEN 20°C TENEIUEER | RERRE[/HARIBE .
Gy = Oy g - 1.024 G202 25.2.3
RHP o NREBENEIERERE (day™), 0s20 20°C TRBEHEI
ERE (day™) , Twaer I BB (°C)o

2522 HA

TERRAERUESAENENT(LATRRD HREEY BmE i,
TEFRARE R AUESEC N T HRENEWRRRBRMED, ELH
HREAEZLR :
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O3

(ooo depth )
XA ANH4y, REEREMNTL (mg NIL), S BNEKEIERMNER

ANH4,, = (ﬂN,a -0rgNg, — Sy, -NH fr. o 1, -aIgaeJ-TT 25.2.4

B (day?), orgNgy BELBFBABRENERE Mg N/L), fu SEHNEY
FLEREHR (day’), NHay, BB FFBAERRE(Mg NIL), o3 BAER
®E (mg N/m?-day), depth FTEAFRE (M), fryne FENERES
R ETE , on WERREYEHRD B(Mg N/mg alg biomass), 1, REBE
FEKER (day?), algae LB FBATHERBZE (mgalg/l) , TT STERN
KFALBEIE (day). AHBEKBNIENERERRALTE 2522 iT&E.
25.12.1 EHRT I ERIERERERNFEEBENA T IHHEXRRE
ML BB 5%,
[ENEVECEREHETERNERENBEER L ZERERITENT ¢

Bni=PBuixn: (_ exp l 0.6-Oxg, )-083%“'_20: 25.2.5

XA L EENENERRER(day™"), fu12020°C TEENENELERE
E R (day™), Oxg SATEFBBERE(MG OJL) , Tuaer HHAIKER (°C)o HiE
2525 FiasE 2, Cexpf06-0Ox, , HWLEAREEERF, X—
EFRHTEEBRERE THHER,
AFREN 20°C TEERDRFRER | ZEEREDIHARFE :

Oy = O g - 1,074 202 25.2.6
XA o BAEERFIER(Mmg N/m?-day), o320 20°C FTEREEN KFIEE

(mg N/m*-day) , Twaer 9 B397KB (°C).
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ERMNEREFRBNES T, RATRIUTE :

fr _ fNH4 ) NH4str
e (NH4 -NH4, + - fNH4)N0351r

XA v BERNREEFRBNEDH , fi NERNREE T  NHAq

25.2.7

FMEERREMgN/L) , NO3y, STEHEREIRE (mg N/L).

25.2.3 TiEERiL

TEFRNITHEREENBESFAECALHERLEMEM , TR T
HREL A HBRE TR, THREE A HBRESBEEARLHTLH
MRILNERERES , R ETHNTHRLBEERD ., B ANLHRKRLSE
TR :

ANO2, = @, ,-NH4, — B, ,-NO2, -TT 25.2.8
A ANO2y NIFHEREREZL (mgN/L), fu1 i EENENELERXREHK
(day™), NH4g, #EE\BFF RIS RRE (mg N/L), S, WHEREE AL BHER
HNEPEEE (day™), NO2gy, B FF AT T RBEIRE (mg N/L) ,
TT SAERKRAERE (day)e BEENRBENFHERRXARRE 25.25
8. £ 23ENA T EENBENITE.

THREC A ERENEDECERETERNERENEER L, ZER
EBHWITESR

Bno=Bunown: (_ exp l 0.6 - Oxg, )—-047 G20 25.2.9
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RF A, UHEEBHECAHBROENECERER (day™), Suzo20°C
TEHBEHCAERENENEERER  (day”), Oxy TEFAHRE
RE (mg OJL) , Twaer BFEKE (°C)o HE 2529 AUEZ

CGexpfo.6-0x, AWEARBBERF. X—EFREEKBHER

ETHHEER,

25.2.4 THEh

STEFHBHNERS UHEBANEYELTEM , BT REERKM
WL, BEilBHERETCH

ANO3,, = @, ,-NO2, — (- fr,,, do, - 1, -algae -TT 25.2.10
X ANO3y FHERELREZ{b(mg N/L), Sy, MIHERER L N BRI £ Y
FALEEER(day™), NO2y, & B FF A BT W AHBREE R B (mg N/L), fraps 3%
ENEAEFRBNADIE, o BREREVEPNESB (mg N/mg alg
biomass), 1, BEPEEEKEE (day™), algae HEM AFBITEREMER
E(mg alg/L) , TT 5B F KR4 #EET A (day). MEHERELFRAL N IHEREL M £ Y
SILERERRALE 2529 1THE , ERMNREBEF RN E S BRARRE
252718, 25121 SGHARTUHERBEREKERNGE , EBENAR
T E KRR E & BRI 5%,

Table 25-2: SWAT input variables used in in-stream nitrogen calculations.

Variable File

hame Definition Name
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All oy Fraction of algal biomass that is nitrogen (mg N/mg alg biomass) WW(Q

RHOQ pazo: Local algal respiration rate at 20°C (day™) Ww(Q

BC3 Luszo: Local rate constant for hydrolysis of organic nitrogen to NH," at  .swq
20°C (day™ or hr'?)

RS4 0420 Local settling rate for organic nitrogen at 20°C (day™) Swq

BC1 P20 Rate constant for biological oxidation of ammonia nitrogen at 20°C .swq
(day™)

RS3 0320. Benthos (sediment) source rate for ammonium nitrogen at 20°C  .swq

(mg N/m?-day or mg N/m?-hr)

P_N funa: Preference factor for ammonia nitrogen WW(Q

BC2 Pn2200 Rate constant for biological oxidation of nitrite to nitrate at 20°C .swq
(day™ or hrh)

25.3 BETEEH

BRI S AR L, FRMNILTRRRBEC N BNB, BB

TR AIBCRRRIEN A BESE , BBt ER IR RR. ATTRNTA

BHOITE N BB Y T

25.3.1 BHHB%

STERNENEET BT RREYERZRCHENRHME M. F
BERE BT LUBE BB RN TAMBRE R IBREDIUEME D, &
B BB

AorgP, = €, - p, -algae - Be 4 - OrgP,, 05~orgPstuTT 25.3.1
XA AorgPyy AENBEREMNZEIL(Mg PIL), o FEREYEPHBED H
(mg P/mg alg biomass), p. FEEFRHIETIRE (day’), algae HEHLLBFF
TRETRY SRR EYEIRE (mg alg/L), fos BIEF {LEERER (day™), orgPs:
B B F RN ENBERE (Mg PIL), o5 RENBIUEEER B (day™) , TT
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NAEKRAZREETE (day). WRKREVEFNBRIBRAFENN, FHE
25.1.17 RN T KB EFRIERRNITE. 5 23 ENEA T KREENAED
&,
AFEN 20°C TENAET(LEREE , ZREBRERIGRIAZ

Bo s = B az - 1.047 Ga 22 25.3.2
RHF fos NENBET LI FBIBERFER (day™), fra 20°C THHIAF {LE
EEB(day™"), Twaer A BHEKE (°C).
AFEN 20°C TENBIUEER | ERBEFIARIFE

Oy = O 5 -1.024 G20 25.3.3
RF : o WEBENBIUERE(day ™), o500 H 20°C TREBEHBEL

£ (day™) , Twaer 7 BB (°C)o

25.3.2 TH\/BRAH

B, T E T BT BB LN R LB Y
BmE N, A OB SRR RIER D . EE B AESBRNELN

AsolP,, = [ﬂm -orgP,, + y7n -aIgaeJ -TT 25.34

[CETT
XA . AsolPy, BEASBHREMNZ (mg PIL), foa NENBET (LEEEK
(day™), orgPy, HE#LBFFHRNENBERE (mg PIL), 0, BESBIHED KR
EREH (mg P/m?-day), depth i SAEKFLRE (M), oo BREYERNBED

# (mg P/mg alg biomass), 1. BEFEEAEKERE (day'), algae L B FF w46t
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FRREYERE (ng alg/L) , TT SAEKREBEE (day). REBENEE

FUREERRA SRR 2532 i1E.25.1.2.1 S HER T BIELEKERN

T, 523 ENGE T SMEKTREMARE B BANITE.

RAFEN 20°C TRBASHWEDRFEREYR , ZEBRECRBE
Gy = 0 g - 1.074 G202 25.35

N o BESBAEDKBFERER (mg P/m*-day), o220 20°C FABES

BRI RIFER B (mg P/m*-day) , Tuwaer N BEKE(CC).

Table 25-3: SWAT input variables used in in-stream phosphorus calculations.

Variable File
name Definition Name
Al2 o: Fraction of algal biomass that is phosphorus (mg P/mg alg biomass) WwW(Q
RHOQ pazo: Local algal respiration rate at 20°C (day™) Ww(q
BC4 ﬂpAz(}: Local rate constant for organic phosphorus mineralization at 20°C  .swq
RS5 (ci?;: I)_ocal settling rate for organic phosphorus at 20°C (day™) SW(Q
RS2 020: Benthos (sediment) source rate for soluble phosphorus at 20°C (mg  .swq
P/m?-day)

25.4 RENESR

K& E R E(CBOD) EREMAKFHHNMRMFENEE. CBOD &

I it R LR ASTE, FETERARMNIERNE CBOD HKFE, XM

IMEERBRDBREEE, HELRMER CBOD KIE{LA :

Acbod = -, -chod + &, - cbod JTT 25.4.1
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X # : Acbod CBOD RE MZE{ (mg CBODI/L), x; 1 CBOD BifiER®E
(day™), chod CBOD ;K B (mg CBODI/L), k3 CBOD JLSERZE (day?), TT A&
KTRAETERTE (day). 28 23 ENA TIEKGTIRE MK REAT B Y T &
FAFEN 20°C T CBOD BEER , ZEXRERIFRAE

Ky = Ky 5 -1.047 G =20 25.4.2
XF : 7 CBOD BiEEE(day"), xiz0 20°C T CBOD Fi&EE=E(day™),
Twater 71 HE7KIE(°C)o

FEMN 20°C T CBOD JUEER , ZEXRERIFREE

Ky = Ky -1.024 G20 25.4.3
XA : x; CBOD JIUEERZE (day™), k320 20°C T CBOD JUEEZR(day ™), Twater
A BEKEEC),.

Table 25-4: SWAT input variables used in in-stream CBOD calculations.

File
Variable name Definition Name
RK1 K1.20: CBOD deoxygenation rate at 20°C (day™) .SW(Q
RK3 K320: Settling loss rate of CBOD at 20°C (day™) SW(q

25.5 &

EBNBEBERERBRBEKEESRENEARER, WMEFBEHBEEKR

ERARSEE. XEER. BYNMBYFRER, BAFR, £LEEE.
Hit, SHENRENERE. ELABRREENTLH

Ky

onstr = (Kz ’ stat _OXs’[r } 63 "Ha =y Py )Igae_ K- cbod _m
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—at - fus-NHA, —ay - By, -NO2,)-TT 2551

R AOxyw AAMEREMNEIL(Ng OJL), x» FERT BRMEERE(day™),
OXsat TEFIBREIRE (Mg Oo/L), Oxsy BN BHEEIRE (Mg OJL), oz B
EEXESERAFTEENER (Mg 0,/mg alg), . is the local specific growth
rate of algae (day™), as BAIREFRERARENIER (mg O/mg alg), p
NEEER R AIETIRE (day’), algae B FF AR KRR EYERE
(mgalg/L) , x1  CBOD Bi&EEZE (day™), chod CBOD ;KE (mg CBODI/L),
K EHEEIEE (mg O(m*day)), depth STEKFRE (M), os BNEE
SREEEE(mg 0/mg N), fv; EREVEEREH (day™), NHdy &
PLEFHENIRANRE (mg NL), oo RUTHRLESLEIEER (mg
0.img N), . BRI AR N HBRIE AR E K (day™), NO2, &
BT R I REER AR E (g N/L) ,  TT SAEK A ERTE (day).
AFEMBRRREGEAFEENER  BACRRFRRKENER b &2
VEASICEERRUREMVTHRLESESIER, 25121 BINAEit
EERAEKMNITE , 51 25117 R TRHERXTFRERNITE., HE
25 NATEAENHEEERR  FRE 2529 NMATIHRLFNEERR
CBOD BiEZERRMAAIE 2542 1tH, % 23 ENA T HEKRREMKR
BRI IS,
AFENX 20°C THRAZEER , ZERERIKRFE

Ky = Ky 0 - 1.060 Gme =20 25.5.2
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XA o BHEGER (mg 0./(m*day)), k20 20°C FTHENE&EEE (Mg

Oy/(m*day)), Twaer 7 B KB (°C)o

255.1 HMABRERE

KERILUABNEENRE., BREKMKREMASERNER. XA
APHA (1985) FF R FRERITEHEMAHRERE -

1.575701x10°  6.642308 x10’
T 2

wat,K

Oxg, =exp| —139.34410 +

wat K

1.243800 x10™°  8.621949 x 10"
+ T 3 - T 4

wat, K wat, K

25.5.3

RN : Oxeax FTE 1.00 atm TEMEMFERE (Mg O/L), Twaer F BIFKE

(273.15+°C),

2552 W&
RELERERANESNES , EEASFHET RETEF,

25521 REFZEENREER
RAPEN 20°C THRERERR | ZERERDIHBICRFE
Ky = Ky o - 1.024 G20 25.5.4
R o BEEE (day?), k0 20°C FTHBEIRE(day™), Twaer 7

Hi97K& (°C),
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RZFTETLITE 20°C THREERERR | noo FEIIHERIL

fi, Brown and Barnwell (1987) MAHE F %
S E BRI E | Churchill, Elmore %1 Buckingham (1962)

BETHRXR :
Ky 2 = 5.03-v, % - depth ™7 25.5.5
A k20 20°C THREEEday™"), v, FERZE@m/s) , depth A

EXRRPEHRE ().

O’Connor 1 Dobbins (1958) MBI KW HFREH 5| A TIARAER

BHE, X TEE B & TUE MR

Ky = 294~LV°1? 25.5.6
‘ depth™

X Ko 20°0C THREER(day?), D 2 FF BEH (m%day),

v, FERIE (m/s), depth STEKRFIRE (m). M FEERAERZIF

PERYAR
S|p025
K2 20 = = 2703 W 25.5.7

KA : k0 20°C THREIERE(ay™), Dn 2 FH BRI (M /day), slp
SRR (m/m), depth STEKREIRE (m)e 2 FH BMRER
D, =177-1.037 a2 25.5.8
XA . Dn D FTERE (m/day), Twaer FBEKE (°C)o

Owens et al. (1964) £XBORAY( 0.1 A 3.4m ) E3HERAY( 0.03

to 1.5m/s ) AR KT REFE,
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0.67
V.

255.9
depth'®

K, =9.34-

F o K220 20°C THRER $(day )V FERIE (m/s), depth SAE K

WEITRE (m).

25.5.2.2 HKmRERN RS

HARET KN, FHFEHSTEFHNRFNSRKEBREN 7 HEL
XM E |, ATLAERREE & X ( fig ) B “structure” @i T o
BEENSEENRERVERL
1

AOx, =D, -D, =D (l_EJ 25.5.10

A AOxyy NARBEREZ(Mg O/L), D, ERBRAYMZHNET
E (mg OJ/L), Dy EREBERYWZEHNETE (Img O/L), rea ABER

o
ZLBRAYMANETE, D, RATRITE :
D,=0xg —OXg, 25.5.11

H : OXxear FEBMBBERE (Mg O2/L), Oxer SAERBBREIRE
(mg O/L).
Butts and Evans (1983) A 7T AI M ERER B AR -

rea=1+0.38 - coef, - coef, -h,, - €-0.11- Nean ~€+0.046 - Twate_ 25.5.12
XHF : rea NBERHK, coef, NEKKREAF , coef, KEIKINIEE
R, han KREZENEE (M), Tue TFHEKE(CC).

£8 KR F AR TEER SR -
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coef,=1.80 &FEK
coef, = 1.60 BT
coef, =1.00 HEFTHE
coef, = 0.65 ETH
LB KINIRE R AT RER YRR ME
coef,=0.70 - 0.90 TTHIFIUE
coef, = 1.05 FE3H EHY R TTUE
coef, = 0.80 EEHEHKIRTUE
coef, = 0.05 HKT HRAIKF]

Table 25-5: SWAT input variables used in in-stream oxygen calculations.

File
Variable name Definition Name
RK2 K320 Reaeration rate at 20°C (day™) SW(Q
Al3 or3: Rate of oxygen production per unit algal photosynthesis (mg .wwq

0O,/mg alg)

Al4 a,: Rate of oxygen uptake per unit algal respiration (mg O,/mg alg) .wwq
RHOQ pazo: Local algal respiration rate at 20°C (day™) WW(Q
RK1 K120: CBOD deoxygenation rate at 20°C (day™) .Sw(q
RK4 Ka20. Sediment oxygen demand rate at 20°C (mg O,/(m?-day)) SwW(q
Al5 a5 Rate of oxygen uptake per unit NH," oxidation (mg O,/mg N) Www(q
Al6 o Rate of oxygen uptake per unit NO, oxidation (mg O,/mg N) WW(Q
AERATION_COEF  rea; Reaeration coefficient fig

25.6  NOMENCLATURE

Cnusa  Concentration of ammonium in the reach (mg N/L)

Cnos  Concentration of nitrate in the reach (mg N/L)

Csip  Concentration of phosphorus in solution in the reach (mg P/L)
Da Oxygen deficit above the structure (mg O-/L)

Dy Oxygen deficit below the structure (mg O/L)
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Dn Molecular diffusion coefficient for oxygen (m?/day)

FL  Algal growth attenuation factor for light for the water column

FL, Algal growth attenuation factor for light at depth z

FN Algal growth limitation factor for nitrogen

FP Algal growth limitation factor for phosphorus

HdaySolar radiation reaching ground on current day of simulation (MJ m2d?)

Inr Solar radiation reaching ground during specific hour on current day of simulation
(MIm?h?

Ionosyn,irPhotosynthetically-active solar radiation reaching ground during specific hour on
current day of simulation (MJ m?h™)

lonosyn,z Photosynthetically-active light intensity at a depth z below the water surface
(MJ/m?-hr)

I_phosyn'hr Daylight average photosynthetically-active light intensity (MJ/m?-hr)

KL Half-saturation coefficient for light (MJ/m*hr)

Kn Michaelis-Menton half-saturation constant for nitrogen (mg N/L)
Kp Michaelis-Menton half-saturation constant for phosphorus (mg P/L)
NH4¢, Ammonium concentration in the stream (mg N/L)

NO24 Nitrite concentration in the stream (mg N/L)

NO3g Nitrate concentration in the stream (mg N/L)

Oxst  Saturation oxygen concentration (mg O,/L)

Oxsr  Dissolved oxygen concentration in the stream (mg O,/L)

ToL Daylength (h)

Twater  Average daily water temperature (°C)

Twatk  Water temperature in Kelvin (273.15+°C)

T Average water temperature (°C)

water

TT Travel time (day)

algae  Algal biomass concentration (mg alg/L)

cbod  Carbonaceous biological oxygen demand concentration (mg CBOD/L)
chlaChlorophyll a concentration (ug chla/L)

coef,  Empirical water quality factor

coef,  Empirical dam aeration coefficient

depth Depth of water in the channel (m)

fana Preference factor for ammonia nitrogen

frpL Fraction of daylight hours

frnwa  Fraction of algal nitrogen uptake from ammonium pool,

fronosyn  Fraction of solar radiation that is photosynthetically active

htan Height through which water falls (m)

k, Light extinction coefficient (m™)

k, o Non-algal portion of the light extinction coefficient (m™)

k,, Linear algal self shading coefficient (m™ (ug-chla/L)™)
k,, Nonlinear algal self shading coefficient (m™ (ug-chla/L) %)

orgNs Organic nitrogen concentration in the stream (mg N/L)
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orgPsy Organic phosphorus concentration in the stream (mg P/L)

rea

slp
v

C

Reaeration coefficient
Slope of the streambed (m/m)

Average stream velocity (m/s)

z  Depth from the water surface (m)

o Ratio of chlorophyll a to algal biomass (ug chla/mg alg)
on  Fraction of algal biomass that is nitrogen (mg N/mg alg biomass),
o Fraction of algal biomass that is phosphorus (mg P/mg alg biomass)

o3
(27

Rate of oxygen production per unit algal photosynthesis (mg O,/mg alg)
Rate of oxygen uptake per unit algal respiration (mg O,/mg alg)

a5 Rate of oxygen uptake per unit NH," oxidation (mg O2/mg N)

(243
Jo.NEl
PN,1,20
P2
Pn,2.20
Pns
PN3.20

Rate of oxygen uptake per unit NO, oxidation (mg O,/mg N)

Rate constant for biological oxidation of ammonia nitrogen (day™ or hr)

Rate constant for biological oxidation of ammonia nitrogen at 20°C (day™ or hr™)
Rate constant for biological oxidation of nitrite to nitrate (day™ or hr™)

Rate constant for biological oxidation of nitrite to nitrate at 20°C (day™ or hr™)
Rate constant for hydrolysis of organic nitrogen to ammonia nitrogen (day™ or hr')

Lolcal rate constant for hydrolysis of organic nitrogen to NH,* at 20°C (day™ or
hr=)

Sr.4 Rate constant for mineralization of organic phosphorus (day™ or hr)

Pr.a20

Local rate constant for organic phosphorus mineralization at 20°C (day™ or hr)

Aalgae Change in algal biomass concentration (mg alg/L)
ANH4,. Change in ammonium concentration (mg N/L)
ANO2 Change in nitrite concentration (mg N/L)

AorgNs; Change in organic nitrogen concentration (mg N/L)
AorgPs, Change in organic phosphorus concentration (mg P/L)

AOXstr

Change in dissolved oxygen concentration (mg O,/L)

AsolPg, Change in solution phosphorus concentration (mg P/L)
k1 CBOD deoxygenation rate (day™ or hr)

x120CBOD deoxygenation rate at 20°C (day™ or hr)

x> Reaeration rate for Fickian diffusion (day™ or hr)

K> 20Reaeration rate at 20°C (day™ or hr'')

k3 Settling loss rate of CBOD (day™ or hr™)

K3 20Settling loss rate of CBOD at 20°C (day™ or hr)

ks Sediment oxygen demand rate (mg Ox/(m*day))

k4 20Sediment oxygen demand rate at 20°C (mg O,/(m?-day) or mg O,/(m?-hr))
pa  Local respiration rate of algae (day™ or hr)

pazolocal algal respiration rate at 20°C (day™ or hr?)

o1 Local settling rate for algae (m/day or m/hr)

01,20
(o)

Local algal settling rate at 20°C (m/day or m/hr)
Benthos (sediment) source rate for soluble P (mg P/m?-day or mg P/m?-hr)
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02,20

03
03,20

(o]
04,20

Benghos (sediment) source rate for soluble phosphorus at 20°C (mg P/m?-day or mg
P/m*-hr)
Benthos (sediment) source rate for ammonium (mg N/m?-day or mg N/m?-hr)
Benthos (sediment) source rate for ammonium nitrogen at 20°C (mg N/m?-day or
mg N/m?-hr)
Rate coefficient of organic nitrogen settling (day™ or hr)

Local settling rate for organic nitrogen at 20°C (day™ or hr)

os Rate coefficient for organic phosphorus settling (day™ or hr')

05,20

Local settling rate for organic phosphorus at 20°C (day™ or hr)

1 Local specific growth rate of algae (day™ or hr)
wazoLocal specific algal growth rate at 20°C (day™ or hr™)
LimaxMaximum specific algal growth rate (day™ or hr)
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F 26 B AERITEARBEFEL

SWAT X A Chapra (1997)FF X K95t & F 185 R RE LU E AR R RF TR HAL.
BREBRERIELEEEBREBANAKE RAE—MRXEF T UETERER
RBFNAEEH.bsn XHHEY IRTPEST EEXRE Lo
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26.1 KSR B

STEHRNREF BT AR, BEZMMEDHT BMEN , Bet@E R,

iR, BER. IUENT BEAEDTED .

26.1.1 E& - ko=

REAFFRDABRNSHNBEBRSAPER, RBEFNEE-HPNIHK

B R B 2 B RBAT RNV B ZEERERE

F, = L 26.1.1
1+ K, -conc,,
Ko -CONCys 9 26.1.2

P 1y K, -concg,
XA Fo NEBRFESHEPHRRT S, F, EFRSHEPHREN D,
Ky REFID BRI (MYg), conceq STRMNRZEMKRE (g/md).

SR 9 B R BATLUARTE octanol-water 2 ERBMAEE (Chapra, 1997):

K, =3.085x10° - K, 26.1.3
P Ky REFIDERS (mYg) , Kow REFIH octanol-water 5 E R%k
(mgm2. . €gm:. jl)o octanol-water ZEIRBNEERZSERPALUE
B, MREFERKISRKROBE , TURTFEBBMRMIT (Chapra, 1997) :

log€&,, ¥5.00-0.670-log@st., 26.1.4
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XA pst, RBFATBEMBEM (umoles/L), BUEILA :

pst’, = iﬂs—w-lo?’ 26.1.5

sol

AP pst, REFARMEME (umoles/L), pstsy 5B A BMEME (mg/L) , MW

2 FEE (g/mole).

26.1.2 MR
BETHHNSTABRSRENSZ R REERAN I, BT MEFEBRIRE
FIER -
pStdeg,wtr = kp,aq : pStrchwtr -TT 26.1.6

XA psteeguer NEEFEEBRRIRBFIE (mg pst), Kpaq FEEEERAYTR BFHY
BEREH (Uday), pstenar HIELLBFTIRETRIREFNE (Mg pst) , TT KR
f&atiE (days)e EREBMEKKFRBEKX .

0,693

1:1/2,aq

K

p.aq

26.1.7

RA kp,aq ﬁ?ﬁ%ﬁﬂf@ﬂ'ﬂ%ﬂﬁ”ﬂ'ﬂﬁ@ﬁ?&(l/daﬁ,tl/z,aq %Eﬁljﬂgj(ﬁiéléﬁ

9 (days).

26.1.3 BX

BESHREFTUER. BIERERNRBHIEDR
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pStvoI,wtr = ' Fd ' pStrchwtr TT 26.1.8

VV
depth
RN pstowr ABIEREBRHREFE (mg pst), v ERXREELFMRE
(m/day), depth HKFIRE (m), Fy BRBEFPEBHEMEPI DL, pStechwr

RPN R BT E (Mg pst), TT KRZAAETE (days).

EErREAHAKALRE Whitman HINEEREINERERITE
(Whitman, 1923; Lewis and Whitman, 1924 as described in Chapra, 1997). #8XJ
TRERSBERBRRAIZEESAER , NRBRRREXMEFESIINY
RERNBRRLFLBIEKRED , RN T BNARE. EXHREF
Y2 H REEER RN ¢

v, =K, H. 26.1.9
He+R-TK-(<,/Kg/

XF v AERXFERHRE(n/day), K ABREERPHRELHEREK
(m/day), Ky ASHEERPHREEL MR (m/day), He A Henry B (atm
m® mole?), R REESAEEE (8.206 x 10° atm m® (K mole)?), Tk NEE
(K).

X TFARRAGRAGTR , EMRBBREREERZIRMEE (Higbie,
1935; Danckwerts, 1951; as described by Chapra, 1997), REEHIEILNRE
EFEE-—ERBRAFERENKEZEIRE, REETHRBIRNEYEET
SOKEE , BRAERE THEAKRSIREI S T2 RER, HEFSHEA %
WMARBUTENT
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K, =4I - D, K, =Jr-D 26.1.10
XH : K AREBRREFHREERHBRY(n/day), Ky SBEREFHNRE

BRRB (m/day), D FfED FHBRE (m/day), Dy ASRESD T BRE
(m%/day), r 794 R E B HRE (1/day), ry HSAEREEHIEE(1/day).

O’Connor and Dobbins (1958) E M FREEFHIER N FIKRERE KR
e -

86400 -v,

= 26.1.11
depth

XA n AREBREEFER (Uday), ve FEKRRE (m/s) , depth K
RRE (m).
26.1.4 JLGE

IK R TR ZS Y SR SR AT BUBSE 0E R BRIUERR RF MK R E R ERD R
o BEIUERRRAVREFIER

Vv

PSty e = Frs)th Fp “PStger T T 26.1.12
RNAF . pstywer RNBEEICEEBRAOZBFIE (Mg pst), vs R IEERE(m/day),

depth RKFRE (m), F, BRBFNEEEEPH DI, pstrecnwr KEFRR

FIEIE (mg pst), TT KiR‘EHATE (days).
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26.1.5 Hiit

R BB HRET TR | ZERT

pStsoI o= Q :

PSteno = Q

sorb,0

5 26 B HRESTEMNRBER AL

F, - pst

rehwtr 26.1.13
V
M 26.1.14
\

EHARBESTRNASNRBHENR

A : pstsoe HREBREIRBFIEZE (Mg pst), pstsorno I HREBRABMS R

HFE(mg pst), Q NHEFEER (m* H,0/day), Fy B3R BFEBEBHEMETRN D

, Fp ERAFEBEEEPN DT, PStrchwtr KARRFE (mg pst), V HTER

AR K B 4

2 (m® H,0).

Table 26-1: SWAT input variables that pesticide partitioning.

Variable Input

Name Definition File

CHPST_KOC  Kg: Pesticide partition coefficient (m*/g) .swq

CHPST_REA  k,aq: Rate constant for degradation or removal of pesticide in the .swq
water (1/day)

CHPST_VOL v, Volatilization mass-transfer coefficient (m/day) .Swq

CHPST_STL v Pesticide settling velocity (m/day) .Sw(q
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26.2 e YR B

T R R BAE IR MK KRS Mg B EE, BRFH

FH e @ kR B R A o

26.2.1 Bk - BEDE

5XEMEL D PR BRI FE D AMUSNARS, UHERDE
REME - RS EFERFERRE, TADEPEEBRIREERA

conc,, = May 26.2.1

tot

RF : conc,, EABFEGFRIRE (9/m°), Msed FIEDE F EFHH

Jﬁ%(g) y Vtot 5)%5&%%/@.\% /q (mg)

FRENEREARELARRIELERE, ZEDE , ABKRERE

IR RAEN DR

=1 26.2.2

tot

KNP ¢ AABRE, Ve BEBRHFHAXGEIRMY) , Vi BHEHEAR ().

BEMER AT LLEN R :
1-¢ Ve 26.2.3

Vtot

RN gHIBE, Ve BARFHEEERMY) , Ve BYEREAR (md).

422



5 26 B HRESTEMNRBER AL

TOTRNBERN

o= My 26.2.4

sed

X o AFRBRE (9/m°), My HRDEFHEETRRE®Q) , Veea H
S B R BRI ATR (m?).
RIBFIE 26.2.3 A8 Vit KFE26.2.4 BE My FFERAFFE26.21 17

/8 .
1= :

conc.,, = €= ¢ Jp, 26.2.5
X : conc,, NEDEFEEFTRNZE (/md), 9 RILEE p HFHNE
E (g/md).
BiI& ¢ =05, p=26x10°gm’ EXETEEFRNBRENR 1.3 x 10°
g/m®,

EE—HPHREF S BALITER

Eo_ 1
g+ -9 Jp, K,

F

26.2.6

=1-F,, 26.2.7

p,sed
RHF . Fysed ARDPRBEFIEBBEEFN D, Fpsed HIRDHPRBFIER
HHHDE, sHARE, o ABREE (g/m), Ko REFIDBIRE (m’lg).
REF D ERBERD BN KEHHEE,
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26.2.2 [Ef#
EFH AR REN SRR | BREEREEDRREFNES

pst

deg,sed

= kp,sed ’ pStrchsed 26.2.8

XA PStdeg,sed MR EBRIVEADPRBFINE (mg pst), Kp,sed ) BR IR A RREY
TELHRBHIMERER (1/day), pstrenses HITEDHFRBFIKE (Mg pst)o  FE
BERWEDHPREFINERERSRLHREFNERREX

0.693

K 26.2.9

psed — t
1/2,sed

AH 1 ks NEBERAVED P RBFIBERER (U/day), trzses T H
RAFIM ¥R (days).

26.2.3 BAY
EYRRHREFTURERT  BRAYEREDHREFWEN

V,
st -TT 26.2.10
depth p rchsed

pStrsp,wtr =
thq pStrspwtr jjﬁé ip?l)ﬁ ’J‘CF%EE?,‘IJE’Q& (mg pSt), Ve ﬁﬁ%ﬁﬁ%
(m/day), depth FKFIRE (M), pstrensed JEPHRBFIWE (mg pst), TT Kk

AR TERTE (days). BREIYEERIIED FHREBRBRMBIKEH, s
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26.2.4 F#

FRRRAR R AY SR R T BAY B ¥ RO SR BA KNSR 2 BB | R R
91z 3 77 [ R BAURER . R BFRMNSREX S OEXREXEEZE.
BEY BEANED 2 BEBHRBFRNERN

\Y

pSty = Fﬁ)th. "-d,sed * PStiensed — Fd " PStchtr /'TT 26.211

N pstye T RIEKFED ZBHBHRBEFE (mg pst), vo T EHEESE
£ (m/day), depth KFRE (M), Fosed BTDREBEF FEEHN D,
PStrchsed JEP R REBFIME (mg pst), Fq BRI RBH R EBHEHN 25K,
Pstrewr K AR BB E (mg pst), TT KK &t B (days). R
Fied " PStenes > Fy PStewer » PStair MIBE D B KB E B . WH

Fd,sed : pStrchsed < I:d ’ pStrchwtr ) pStdif M7J<[E.|3E7‘9)“=ZT$§*§0

FRBURBEER, vq, JUURTEZR%R N3 (Chapra, 1997)fHE :

V, = %45. Mw 23 26.2.12

365
XA vy AT BBEER (m/day), ¢ WIEDAEER MW REFBEWN S

%EEO
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26.2.5 B

B3 0 5% ) T BUBHE R IR 2 o S SR TR 55 O RS0 R R Y SR o

FIER :
Vi
pst,,, = —— " PSt. e 26.2.13
Dsed

A psty,y NETEBRMMEAWEDERHRBEFIE (g pst), v, FIBFH

EER (m/day), Dseg TR E IR (m) PStrchsed X HREFINE (mg pst).

Table 26-2: SWAT input variables related to pesticide in the sediment.

Variable Name Input
— File
Definition
CHPST_KOC Kg: Pesticide partition coefficient (m®/g) .Sw(q

SEDPST_REA  kpsq: Rate constant for degradation or removal of pesticide in the .swq
sediment (1/day)

CHPST_RSP v,: Resuspension velocity (m/day) .Swq
SEDPST_ACT Dy Depth of the active sediment layer (m) .Swq
CHPST_MIX vg: Rate of diffusion or mixing velocity (m/day) .Swq
SEDPST_BRY vy Pesticide burial velocity (m/day) .swq

26.3 RES1E

NTFEEREWTERMETLBEEHRAE , LEHMRNERETEHM

NREFERR !

ApStrchwtr = pStin - bStsol 0 + pStsorb,o >R pstdeg wr pst\/ol,wtr

— PSty wr + PStgy e £ PSty  26.3.1

ApStrchsed = _pStdeg,sed + pStstI wr pStrsp,wtr - pStbur * pStdif 26.3.2

426



5 26 B HRESTEMNRBER AL

P APStrchwtr KEHRRRFNENZA (mg pst), ApStrchsed NEDE

BFIFTEAZEIE (mg pst), pstin HATRIEINETERRBFIE (mg pst), pstsoro

RHEREBRIITERREBFIE (mg pst), pstore HARERPFNSRKRBEFE

(Mg pst), pstaeguer I BERFEMK P EREIRBFIE (mg pst), pstiowr HIEEE

BREVREFIE (mg pst), pstuwr JLIEEERIIREBFIE (mg pst), pstrspuer BR

FERNREFIE (mg pst), pstyr I BEKERD 2 BHBHREFE (mg

pst), PStaegsed S FEFREBRRVED HHIREFIE (mg pst), pstoyr B EBRHIR

BFE (mg pst)e

26.4 NOMENCLATURE

Dy Gas molecular diffusion coefficient (mzlday)

D, Liquid molecular diffusion coefficient (m?*/day)

Dseq Depth of the active sediment layer (m)

Fq Fraction of total pesticide in the dissolved phase

Fasea  Fraction of total sediment pesticide in the dissolved phase
Fp Fraction of total pesticide in the particulate phase

Fpseda  Fraction of total sedlment pestlcide in the particulate phase
He Henry’s constant (atm m® mole™)

Kq Pesticide partition coefficient (m®/g)

Ky Mass-transfer velocity in the gaseous laminar layer (m/day)
Ki Mass-transfer velocity in the liquid laminar layer (m/day)
MsegMass of solid phase in the sediment layer (g)

MW Molecular weight of the pesticide compound

Q Rate of outflow from the reach segment (m® H,0O/day)

R Universal gas constant (8.206 x 10 atm m® (K mole)™)

Vsea Volume of solids in the sediment layer (m®)

Vit Total volume of the sediment layer (m°)

Vi Volume of water in the sediment layer (m®)

concseg Concentration of suspended solids in the water (g/m®)
conc,,, “Concentration” of solid particles in the sediment layer (g/m®)

depth Depth of flow (m)
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kp,aq Rate constant for degradation or removal of pesticide in the water (1/day)

kpsed Rate constant for degradation or removal of pesticide in the sediment (1/day)

pstour  Amount of pesticide removed via burial (mg pst)

PStaeq.sed AMount of pesticide removed from the sediment via degradation (mg pst)

PStaeg wir Amount of pesticide removed from the water via degradation (mg pst)

pstgsir  Amount of pesticide transferred between the water and sediment by diffusion (mg
pst)

PStrehsed Amount of pesticide in the sediment (mg pst)

pstrcwtr Amount of pesticide in the water (mg pst)

pstrspwer Amount of pesticide removed from sediment via resuspension (mg pst)

pstsoro Amount of dissolved pesticide removed via outflow (mg pst)

Pstsorb. o Amount of particulate pesticide removed via outflow (mg pst)

pstsuwer Amount of pesticide removed from the water due to settling (mg pst)

pstvorwtr Amount of pesticide removed via volatilization (mg pst)

ry Gaseous surface renewal rate (1/day)

r.  Liquid surface renewal rate (1/day)

tinag  Aqueous half-life for the pesticide (days)

tinsed  Sediment half-life for the pesticide (days)

Vp Pesticide burial velocity (m/day)

Ve Average stream velocity (m/s)

Vg Rate of diffusion or mixing velocity (m/day)
Vr Resuspension velocity (m/day)

Vs Settling velocity (m/day)
vy Volatilization mass-transfer coefficient (m/day)

Apstrchwtr Change in pesticide mass in the water layer (mg pst)
Apstrenses Change in pesticide mass in the sediment layer (mg pst)
¢ Porosity

ps  Particle density (g/m®)
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$ 2T E FEBKEHE

EREKEL MK EFPREIEZNEM. SWAT EBTRKE  hE, B,
SEM/FEIN , BAROKEE, ¥E. EMADEM/FENEFET FREPFEEINERS. i

AIX LR R KRR B HATER FitiEsle. KENNTEME L | EWHE L
BT REBAIHRK,
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27.1 IKEE

KERNFETIMEME ENEKE, BRREMANNEBENGHR

BX3l, B 27.1 BRTEKEREBIE,

Embankment
Emergency flood control

Flood control Emergency

spillway

Principal
spillway

Figure 27.1;
KEWKEFEEFERN :

\ :Vstored +V -V

+V, . -V

flowout pep evap " seep

Vv 27.1.1

flowin

NPV EMAEREEKEFHAEM® H0), Viores ERL B FFRETE
KA HIKE(M® Hz0), Viwn FELLBHABKEHHKAE (m* HO),
Vitowour HAEHL B FH B KB HIAE (M® H,0), Vi, A FREACEIEEK
A EHKE(M® H0), Ve BEREMEBREEBRBKEM® H0), Veeep
BRMEBKEERBAE (m® H,0).
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27.1.1 RER

REAFEZKEHREARKRIUTEZERE LWRKE URZERNEZR. RE
RBEKEFRKEBRMEL, BENRERKATALE !

SA= B, Vo= 27.1.2
KPP SA FKEHRER(ha), K ARE, V IEKRWGER (m° H0),
expsa AIEH.

RE, P, MEEH, expsa, BIEHNA N IUKBEFE 27.1.2 Kit &, EHH
PMROVEENENEBRNG A ERHRERNKE,

IOglO Qp%m } IOglO eApr ;
IOglO (em } IOglo (/pr ~

expsa
SA
=| 20m 27.1.4
/Bsa ( V j

em

expsa = 27.1.3

A 0 SAen NBEHERRIKERNREIR (ha), SAyr N EAERF KK RE

3 (ha), Vem ABFEEZR (m®H,0), V) EMER (m® H,0).

27.1.2 MK

PeSETEKE ERBEKER

V., =10-R

pcp day ~

SA 27.1.5
RNHF Vo ERBEBREIEKELHEKE (m® H0), Ry ERBHEKE

(mm H;0), SA AKMAERER (ha).
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2713 ®EEK

BRIV RBIRIKERKA

Ve =10-77-E, - SA 27.1.6

A Ve BERAREEBRIKEM H,0), n REEREK (0.6), E, E#l
BEEZRKX (mmH,0), SA FAKEREI (ha).

2714 &R

BIREIEKEKEBRELR ;
V., = 240K, - SA 27.1.7

A Ve NBRBIRAKEKERE (M® H0), Ko KEKRIBAE KA A
HESE (mmihr), SA RKEREFR (ha).

27.15 Wk

ALK ANMAREWN A EITE R RETR - 2N B HR, S0 A R, TRl

IKERVESFG IR, RIFHEM B P2 HI8Y R

27.1.5.1 £ B HiR
MEAN B BFAE(RESCO = 3)it , AR MSERHE -4,
HhaeskEBRNWHRE. KEHKRERR

V jonn = 86400 - q, 27.1.8

flowout

AH : Viowowr NKEH Hjuu.i(m H,0), Qout N HRIER (m3/s)o
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27.1.5.2 =W A HE
MFASN AR FHEIRESCO = 1)t , AP SERE—H

HPggkESANERE. KELRARXASE 27.18,

27.1.5.3 TEEIKENEFEER
URAEFEHEMESE (IRESCO =0t ,KEEBREBRIENE
B, Vpr, Btk KEHREXRATRITE :

Vigwa =V -V, if V-V, <q, -86400 27.1.9

flowout

Voot = 0 -86400  if V -V >q, -86400 27.1.10

flowout

MEKEERBELPAERN , HREXATAUE !

flowout (V Vem) + (Vem Vpr)

if V,, —V,, <0, -86400 27.1.11

Voo = V =V..) + 0, - 86400

flowout

if V,, -V, >0, -86400 27.1.12
KA Viowow BIEKEHRR (M H0), V KB Rk E(m’
H.0), Vor BHMER (M® Hz0), Ven BERER (M® H20), g BFH%

MERFEHE (m?s).

27.1.5.4 RIEFHEM B IRIRBIRY HR
HX A BRPEM(IRESCO = 2) 53R , KESHE N AR B Ik 8

RV BB
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BFfrEEt R ERNKEETEA R BNRENEL, BRLE
A8 , TREZRAMANRENE , BRTURNKFREEMEZ LR
MEFHR.

X T BT E , EAEREZR T &AMKES , mrHRE
RRBHKEFR, BRERBWAFKBNTRANERA, EF
KE, REHKEZHTAE , BEEBNRAES. BFKkH  FEEZ
kS, FOKRETMEN TR EE, ERATRRAFTH
KEFFERK , ETRELRFHT , AKEHNERENRAN
50%.

BRI LBAAF AR NNRASREE , tbal A EERIEHK
HANTESKkETE, MREBNFENAFEERE

V

targ

= starg 27.1.13
th:' . Vtarg *ﬁ?li H 7J<J§:|'— =i *l'l_‘?é\:%(mg HzO), starg ﬂg "LZH *E?U\ HH */‘_I_i
KERER (M°H0). WREGFEHIEEE WRATRIHE

V,

targ

(1—min[lszvc\:/, 1]]
V. =V -, -V,

targ — Y pr + 2

=V if mong,.,., <mon<mong., 27.1.14

em

if mon<mong,,, Or mon>mong,., 27.1.15
NHF . Vg FERBBIRKESE (M® H0), Ven ABFEER (M

H20), Vor AEMESR (m* H0), SW FREFHTEESKE (mm
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H.,0), FC ¥R +tEHBEFKE (mm H,0), mon I —EHRH A A,
MONfigpeg I HEKET M AM , monqgens HKETLERN A B
—BlERREFRE  BRARATHIHE

V -V
flowout — — = 27.1.16
ND,

targ

\Y

KA Viowow BENBKENHRE (m® H0), V KEHFMNKE
(m® H,0), Viarg RIEIN B BFFAKERE (M® H0), NDiarg HKEEIEE
B FRATEEN R,
—BHRBEALOMSEBE AR UUEERAMS R KK
s R, MREFREEFER/ NI ERBEL B AR | HREE

EIEELUR BRI,

Vflowout _Vfllowout If qrel ,mn 86400 <Vf,Ichout < qrel,mx 86400 27117
Vflowout = qrel mn 86400 If Vf’Iowout < qrel,mn . 86400 27118
Vflowout =0y mx 86400 if Vfllowout > (g mx 86400 27.1.19

A Viowowr NKEBHEFRE (M* H0), V).« BKEBERENDAMEIT
(m H20), Orel,mn N/ B HRER (mS/S), Qrel,mx NEAK B ERER (mB/S).

Table 27-1: SWAT input variables that pertain to reservoirs.

Variable name File Name
Definition
RES_ESA SAem: Surface area of the reservoir when filled to the .res
emergency spillway (ha)

RES_PSA SA,r: Surface area of the reservoir when filled to the principal .res
spillway (ha)

RES_EVOL Vem: Volume of water held in the reservoir when filled to the .res
emergency spillway (10* m* H,0)

RES_PVOL Vpr: Volume of water held in the reservoir when filled to the .res

principal spillway (10* m* H,0)
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RES_K Ksat: Effective saturated hydraulic conductivity of the reservoir .res
bottom (mm/hr)

IRESCO Outflow method -es
RES_OUTFLOW g, Outflow rate (m®/s) resdayo.dat
RESOUT Qout: Outflow rate (m?/s) resmono.dat
RES_RR Orei: Average daily principal spillway release rate (m%/s) res
STARG(mon) starg: Target reservoir volume specified for a given month (m*® .res

H,0)
IFLOD1R MONsq beg: Beginning month of the flood season .res
IFLOD2R MONgg eng: ENding month of the flood season .res
NDTARGR NDiarg: Number of days required for the reservoir to reach .res

target storage
OFLOWMN(MON) e, mn: Minimum average daily outflow for the month (m%s) .res
OFLOWMX(Mon) e me Maximum average daily outflow for the month (m%s) .res

27.2 /G

MENE NN T FREBAE  HNFRENIB2ERBRAR. ATHE

XA MKENEEZREAFITERRAERRRE.
ST K EFER

+V o Ve =V 27.2.1

flowout pcp evap seep

V =V g +V -V

XAV B RS REBKEET (M® H0), Vsores IR B FF IR B KK
ﬁsﬂ (m3 HQO), VﬂOWin ﬂﬂﬁ?&ﬂiﬁ)\*ﬁkﬂ'ﬂ*% (m3 HzO), Vflowout ﬂﬂﬁ?ﬂﬁ
T AERIAE (M H0), Voo BIEKELHIFEKE (M H0), Ve BE

EBREIKERBKE (M® H,y0), Vaeey NBTRERBIKEKEIREL (M* H0)0

27.2.1 RMEAR

WIESCE A RERFZARITEZEKE LNEKE | URERNEZR
B, REFEEZEKEPHKEZ(L. BRERKATRIHE :

SA= B, Vo 27.2.2
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AP SA RAEHRER (ha), fa ARE, V BREFRHAE (m® HO),
expsa AIEH.
RY, Lo, MIEEK, expsa, B EHNFANRIKBFRE 27.1.2 Rt &E. XN Fitb
¥, CHARNRNEERENENRENATENRERNKE,

IOglO Q&m } IOglO eApr ,
log,, &, 3109, ¢, _

expsa
SA,
= —0 27.2.4
/Bsa ( V j

em

expsa = 27.2.3

A SAam FBRERRKEHREIR (ha), SAr N EMERR KN RE
3 (ha), Vem ABFEEZR (m®H,0), Vyr EMER (m® H,0).

TR, ERNRENRNEENZAMEREKUHRERNKE,

eXpsa — IOglO GAnx } Ioglo GA'IOI’ — 2725
Ioglo (mx } IOglO (wr )
expsa
SA,
=] —= 27.2.6
ﬂsa ( me J

XAF . SAn ARSKMUEKENRER (ha), SAwr A IEFEKERRER

(ha), Vix NEBEKNUANEE (M H,0), Vier EEXKENEE (m® H,0).

27.2.2 &K

PRSEFESIES R EMIRRKE DR -

V., =10-R

pcp day

SA 27.1.5
KA Voo BN B BRIERE ERIBEKE (P H,0), Ry HINEROFEKE

(mm H,0), SA AKMERE (ha).
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2723 AR
SR B AR R KR

Vflowin = frimp 10 ’ qun‘ + ng + Qlat : Grea - SA: 2728

A Viowin NIELL BB ASIESRBAIKE (m® H0), frin, EEKEALK
WA RIBERDE, Qur BB FREFEMNRER (mm H0), QqiEHL

FRAZ LM TER (mm H0), Qe NI B F ™= & KM B 7
(mm H.0), Area FRIFEIR (ha), SA AKERMEIR (ha)o H ASthIESIE

HIKBMMERER. MERMETERPRE.

2724 K

RINBEZEBIRANKERKNA

=10-7-E, - SA 27.1.6

evap

A Ve EBAREEBRHKEM H0), n WEERE (0.6), E, &L
HABEZEAKR (mmH,0), SA AKMAERER (ha).

2725 &R

BiREIEMES R KERMAN ¢

V., = 240K, -SA 27.1.7

RAF : Veeep HBWEIMES TR ERK (M® H0), Ko SEEESRT K
EHEBIBMAKDESE (mm/hr), SA FAKERER (ha).
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2726 Wi

WESR BN EEZXFETIHEHRN T EZTE,

27.2.6.1 ShiEHR

WEHRARE B ArME BRI E B EERE T HAETNLIRSKE,

BfEREN :
Viarg =Ven if mong, ., <mon<mong,., 27.2.11
(1— min[lszvc\:/, 1]]
Vtarg :Vpr + 2 : (/em _Vpr _

if mon<mong,,, Or mon=mong,,., 27.2.12
RAF Vi BEIA BARBIEREM® H0), Ven HERRBTE (M
H,0), Vo MIEERBE M H0), SW FHREFHLEEKEMm
H0), FC FRE T EEERFKE (mm H0), mon —F A7,
MONfapeg I HEKERFF 289 B 43, monqaena 9 BEKERLE RV B 13
BEBEERR , RATNITELR :

V -V
flowout — =0 27213
ND,

targ

\Y

XH : Viewow NAKEHBEHFKE (m® H0), V tEFHKEE (M
H20), Viarg L BB BFREE (m® H,0), NDpary EZ B AR5 EFT

FENXH.
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27.2.6.2 B HR

AR KNBE EEKLL, Vaor , BRER , RUTEQIXR

Voot =0 if V<V 27.2.14
Vi onout J% if V. <v<v 27215
Vflowout =V _me if Vv >me 27.2.16

XA Viewowr HAKEHBEHRE (m® H0), V T Yk E(m®
H,0), Vix B KWVAHEHAIKE (Mm® Hy0), Vior IE KA ATE i AY
7k & (m?* H,0).

Table 27-2: SWAT input variables that pertain to ponds and wetlands.

Variable name File Name
Definition
PND_ESA SAcm: Surface area of the pond when filled to the emergency .pnd
spillway (ha)

PND_PSA SA,: Surface area of the pond when filled to the principal .pnd
spillway (ha)

PND_EVOL Vem: Volume of water held in the pond when filled to the .pnd
emergency spillway (10* m* H,0)

PND_PVOL Ve Volume of water held in the pond when filled to the .pnd
principal spillway (10* m® H,0)

WET_MXSA SAny Surface area of the wetland when filled to the maximum .pnd

water level (ha)
WET_NSA SAnor: Surface area of the wetland when filled to the normal .pnd

water level (ha)
WET_MXVOL Vi Volume of water held in the wetland when filled to the .pnd
maximum water level (m*® H,0)

WET_NVOL Vnor: Volume of water held in the wetland when filled to the .pnd
normal water level (m® H,0)

PND_FR frimp: Fraction of the subbasin area draining into the pond .pnd

WET_FR frimp: Fraction of the subbasin area draining into the wetland .pnd

Table 27-2, cont.: SWAT input variables that pertain to ponds and wetlands

Variable name File Name
Definition
PND_K Ksa: Effective saturated hydraulic conductivity of the pond .pnd
bottom (mm/hr)
WET_K Ksat: Effective saturated hydraulic conductivity of the wetland .pnd

bottom (mm/hr)

441



5% 271 B AREEBKER

IFLOD1 MONggeg: Beginning month of the flood season .pnd
IFLOD2 MONgg eng: ENding month of the flood season .pnd
NDTARG NDiarg: Number of days required for the reservoir to reach .pnd

target storage

27.3 yER/IEIT

EREHEFRRERBHEEX , I kRERXEFTE. ERXEHXHNRE

AREBETZAENEN , AHT N, XEBXFENERRARBNER , T2

]

S8, BANZELSTIMELUNREE  DEMNEN, KEH. XTHNENEE
Fﬁﬂ:*EWxJ: ?r‘vﬂ..o
EM HRU RFEIN AP LEF IPOT &7 HRU WIS, #IR8{LE XK |

FEE mot XA RiRESEM/EKIRE

V=V -V +V o, Ve —V. 27.3.1

flowout pcp evap seep

g TV

store flowin

RV AEMBLEREBEAEFBKE (m® H,0), Vores L B FF 2R8T
BKAEFRHKEM® H0), Viown HEB B HABKEHKE (M® H0), Viowout
I B T HAAEIKE (M H.0), Voo NEBIEKE LBIRKE (m® H,0),
Vevap HEEERHKE (M Hy0), Veeep BTRIMKHIKE (m® H0).

27.3.1 REMR

ENRFBEARITEZEKELNEKE URZERVSRE. RAREEE

%
<.

KEPHKEBEN, BRERKATHITE !

2/3
SA:l-( 3-v j 27.3.2
7-slp
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R 0 SARKEHRER (ha), V BAREFEKE (m° H0), slp HRU KE

(m/m).

2732 MK

pRSEET N LEMBEKENR

V,, =10-Ry, - SA 27.15

day

KA © Vo I E BB LIEKE (M H,0), Rey 1 H BB AR

(mm H20), SA AKERMER (ha).

27.3.3 Ak

B B# AENWKE TR B FREFWEE HRUEE HRU KR A

I, BN IPOT (hru) ZTEi&H HRU BIREE ,POT_FR (hru)Z &8 A HE

it

K AFTE IR HRU W EFR 292K,

MEE HRUs BE/CEREKRIABEZRBWBUERS FHIT(mgt XAHREY
ORI, WL ERRERINARBEAE IR, £ 21 ENAT
BRE.

TR ARITENR :

. n ~ -
Vo =1+ Y [ 20 Qurt o + Qs + Quaory S22, 27.3.4

hru=1

th:' . Vflowin ﬁﬁ?&ﬂﬁf\ﬂ’ﬂ)\ﬁ% (m3 Hzo), irr *ﬁ?&ﬂ%?ﬁ%*% (m3
H20), n M3 LG KE HRUs FIRER | fropone 9 BIEE JVHEKEY HRU I EITR
T, Qsur hru HNEHLLA HRU it REBR (mm H;0), nghru NEHLE HRU BY
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it TR (mm HZO), Qiat,hru HNELLH HRU BYMI @ 5R (mm Hzo), areanry

HRU BER (ha).

2734 XK
I AR EIRKNKER :
Vi =10-[1— LAI ]-EO .SA if LAI <LAl,,, 27.35
Ve =0 if LAl >LAl,,, 27.3.6

A Ve BEIARKXERNKEM® H0), n AEEREK (0.6), E, &
BEERAR (mm H;0), SA FARMERER (ha) , LAl HIETHERAIHERIE
B, LAlee WEBRRRENHERER,

2735 &R

BRSBTS UKEMANE VKT LESKEN KL

-SA if SW<05-FC 27.3.7

K
Vv =240-( —F—J-K -SA if 05-FC<SW<FC 2738

V., =0 if SW>FC 27.3.9

RAF : Veeep HBWEIMESTAERK (M® H0), K TINVREPHE—
BT EARMAKNESE (mm/hr), SA FAKERER (ha) , SW HESK
E (mm H,0), FC T#EHEFKE (mm H,0). BRERIR KL A LEE

Mo
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2736 HR

TINKDBRRBE=EN, HFARPFNWKEBELIRAFRE , SRADHR
WHR , BEAFRETE. JFNREBHEICDREERET (X —REBE
.mgt XHHRBPEH/BKRSTTER)  AENEREKSBEAINE, F
=R HREES K,

27.3.6.1 %R
R ENTEINNERR

Vflowout =V _Vpot,mx if Vv >Vpot.mx 27.3.10

A 0 Viewow AEMBFREKEHAE (m® H0), V RERFHE

7k§ (m3 HZO)v Vpot,mx ﬁgﬁﬂ%kgj(i (m3 HzO)

27.3.6.2 #EttiR4E
ULHHEMIRER | TENRNFHMEKETHHER

\ =V 27.3.11

flowout

RH : Viewor NERLLBREKEHKE (m H,0), V RENRFHE

K& (m®H,0).

27.3.6.3 EaHEK

WMRFERFLET A , A LA FAEH R FABEK=ER

Vioma = Gue 86400 if V > qy, -86400 27.3.12

flowout
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Voo =V if V <q,, -86400 27.3.13

flowout
XH ¢ Viewor FIEINBFREAKERIKE (m® Hy0), que I FEKFRIE
£ (m¥s),V AZNBEFBKE (m®H0),

Table 27-3: SWAT input variables that pertain to potholes.

Variable name File
Definition Name

IPOT Number of HRU that is impounding water (that contains the .hru
pothole)

Variables in release/impound operation line:

MONTH/DAY or HUSC  Timing of release/impound operation. .mgt

MGT_OP Operation code. MGT_OP = 13 for release/impound operation .mgt

IREL_IMP Release/impound action code: 0: impound, 1: release .mgt

SLOPE slp: Slope of the HRU (m/m) hru

POT_FR frp: Fraction of the HRU area draining into the pothole hru

EVLAI LAlgqp: Leaf area index at which no evaporation occurs from  .bsn
the water surface

POT_VOLX Vpormx: Maximum amount of water that can be stored in the .hru

pothole (m® H,0)
POT_TILE Qe Average daily tile flow rate (m%/s) .hru

27.4 NOMENCLATURE

Area  Subbasin area (ha)

E, Potential evapotranspiration for a given day (mm H,0)

FC Water content of the soil at field capacity (mm H,O)

Ksat Effective saturated hydraulic conductivity of the reservoir bottom (mm/hr)
LAI Leaf area index of the plants growing in the pothole

LAlevay Leaf area index at which no evaporation occurs from the water surface
NDiwrg Number of days required for the reservoir to reach target storage

Qgw Groundwater flow generated in a subbasin on a given day (mm H,0)

Qiat Lateral flow generated in a subbasin on a given day (mm H;0)

Qsurr Surface runoff from the subbasin on a given day (mm H,0)

Rday Amount of precipitation falling on a given day (mm H,0)

SA Surface area of the water body (ha)

SAem  Surface area of the reservoir or pond when filled to the emergency spillway (ha)
SAmnx  Surface area of the wetland when filled to the maximum water level (ha)
SAnor  Surface area of the wetland when filled to the normal water level (ha)
SAyrSurface area of the reservoir when filled to the principal spillway (ha)
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SW Average soil water content (mm H,0)

V  Volume of water in the impoundment at the end of the day (m*® H,0)

Vem  Volume of water held in the reservoir when filled to the emergency spillway (m
H.0)

Vevap  Volume of water removed from the water body by evaporation during the day (m?®
H.0)

Viiowin  Volume of water entering the water body during the day (m® H,0)

Viiowout VOlume of water flowing out of the water body during the day (m* H,O)

V: Initial estimate of the volume of water flowing out of the water body during the

flowout

day (m* H,0)

Vmx  Volume of water held in the wetland when filled to the maximum water level (m®
H.0)

Vior ~ Volume of water held in the wetland when filled to the normal water level (m®
H,0)

Voep Volume of precipitation falling on the water body during the day (m H,0)

Vpormx  Maximum amount of water that can be stored in the pothole (m* H,0)

Vor  Volume of water held in the reservoir when filled to the principal spillway (m®
H.0)

Vseep  Volume of water lost from the water body by seepage (m® H,0)

Vsores  VOlume of water stored in the water body at the beginning of the day (m® H,0)

Viarg Target reservoir volume for a given day (m® H,0)

3

areay, HRU area (ha)

expsa Exponent for impoundment surface area calculation
frimp Fraction of the subbasin area draining into the impoundment
frpot Fraction of the HRU area draining into the pothole

irr  Amount of irrigation water added on a given day (m* H,0)
monMonth of the year

MONfig beg Beginning month of the flood season

MoNsq4.end ENding month of the flood season

Qout Outflow rate (m%/s)

Orer Average daily principal spillway release rate (m®/s)

Oretn - Minimum average daily outflow for the month (m?/s)
Qretx  Maximum average daily outflow for the month (m3/s)
Qe Average daily tile flow rate (m®/s)

slp Slope of the HRU (m/m)

starg  Target reservoir volume specified for a given month (m* H,0)

Fsa Coefficient for impoundment surface area equation
n  Evaporation coefficient (0.6)
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£ 28 ¥ R KEFHRY

SWAT 5| AT —/ME] 8 5T 8 57848 B SRAE U A TR kB . SWAT TE LY
MoOK4E g, B, KEMIEIN, EXERKERREDEUZMEER
HUERADEKRGEFHEER , SWAT RIRRERTLBEN. EXLBENRE

BEERDFEANKME |, MEID T EBANRS
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28.1 AR~F1E

KEHRRDREBTESEN

sed,, = sed,,; +sed —sedy, —sed 28.1.1

flowin flowout

A sedyy NEILBAEREISKEFIIEADE (metric tons), sedwn; HELLA
FIART KRR E (metric tons), sediowin N AR B KEFRADE
(metric tons), sedsi FITEMKER ERHIEDE (metric tons), sediowout HH

R HEEDE (metric tons)o

28.2 IE

BB KERIDENRFRDVERFEREITE ABREFRDRENR :

ed. . +sed .
‘ wh,i rowwl, 2821
(stored +Vf|0Wi|’1 A

CONCyy; =

A : conCeqi NHNBETZRDIRE (Mg/m?), sedws; 1L B FF IS KRy
JEDE (metric tons), sedhowin JI ATRIB MBI KEHEADE (metric tons), Vsored
HIELAF A AESTERHAE (M® H0), Viown B AKEHKE
(m* H,0).

REAEKGFRDREBT P E X FEIRE, cONCseqeq BT , T REIIE
B B & R KB ARIDRER -

~

conc,, ; = €onc,,; —conc exp k. -t-dg, +conc

sed eq _~ sed ,eq
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if conc 28.2.2

sed i

> CONCyy o

conc,

sed ,

<.conc 28.2.3

sed,i — sed ,eq

¢ = CONCyy ; if conc

A coNCoeqr AKEFENIRERLAE (Mg/m®), conceeqi KK B
WIREE (MgIm®), CONCaegeq 9 KR AEID EHIRE (Mg/m®), ks HERBREK
(U/day), t AEtEIZ K (1 day), dso RATRIEADHIREFE QM) Ri% 99%

B9 1 pm  RERIFBRCRE 25 RKAMBBRFIRE, ks = 0184, AFRIEDH

BESEHENT :
d, =exp[0.41~ M +2.71-%+5.7.ﬂ) 28.2.4
100 100 100

A dso Aiﬁ)‘ﬂ)‘g\ﬂ’g*‘iﬁﬁq:ﬁ (um), Mc ﬁﬁi%i%ﬁiﬁﬁtt, Misilt
FREKXRELIERDPEIL m FREKXRELEDN AL,
B BIUERRDEITEMT ¢

Vv 28.2.5

sed, f

sed,, = €onc,, ; —conc
A : sedgy JUEMKEREBREEDE (metric tons), conCsei JI K]
RBTERDIRE (Mg/m®), conceegs KR RA R RDIRE (Mg/m®), V is

BXEHHIKE (M’ H0).

Table 28-1: SWAT input variables that pertain to sediment settling.

Variable Input
Name Definition File
RES_NSED  €ONCgyqeq: Equilibrium sediment concentration in water body (mg/L) res
PND_NSED  cONCgqeq: Equilibrium sediment concentration in water body (mg/L) .pnd
WET_NSED  CONCyq.eq: Equilibrium sediment concentration in water body (mg/L) .pnd
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POT_NSED
CLAY
SILT
SAND

% 28 B ARAKGHEED

CONCgeqeq- Equilibrium sediment concentration in water body (mg/L)
m¢: Percent clay in the surface soil layer in the subbasin
Mg, Percent silt in the surface soil layer in the subbasin

mg: Percent sand in the surface soil layer in the subbasin

.hru
.sol
.sol

.sol
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28.3 JEDHRAE

BB MR AR BN RLTRDRENEK. H1H2FED

RER -

sed =CONCyy ¢ -V 28.3.1

flowout flowout

XA sediowou JHFRMAKAEHR R LHAV R E (metric tons), conCeqs 97K
FRERADRE (Mg/m) Viiowourt 2KEERY HHRE (m3 H20).

28.4 NOMENCLATURE

V  Volume of water in the impoundment (m* H,O)

Viiowin  Volume of water entering water body on given day (m® H,0)
Viiowout  Volume of outflow from the impoundment (m* H,0)

Vsored  Volume of water stored in water body or channel (m® H,0)

concses Concentration of suspended solids in the water (Mg/m®)

CONCsedeq  EQuilibrium concentration of suspended solids in the water body (Mg/m®)
dso Median particle size of the inflow sediment (um)

ks Decay constant (1/day)

t  Length of the time step (1 day)

m. Percent clay in the surface soil layer in the subbasin

ms Percent sand in the surface soil layer in the subbasin

msiic Percent silt in the surface soil layer in the subbasin

sedsiowin Amount of sediment added to the water body with inflow (metric tons)
sedsowout AMount of sediment transported out of the water body (metric tons)
sedsy  Amount of sediment removed from the water by settling (metric tons)
sedyw, Sediment in the water body (metric tons)
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® 29 ¥ SR IKEFNEFUR

SWAT XA 2N L REHTN KENEFRS. N THEEFARILKEKFRH

3, SWAT Tl 5 mAKRER | 11 WASP EBE R A,

SWAT BN T 4 TAERIKEE : g, SE#b, KENEM (FEN) . FMBE, Bt

MAEHWEFNRIRREEG. ETRED , SWAT B TFRHEMERDRLE,
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20.1 EFYEIL

HITEEFPEKEPHEALR , SWAT RRRERZTLREEN. &

ERBENUE , ERYR—FAKE  IEBNKEZ29 T/, T2RE

RENBRIRZE T KEN DR NFRRFiHFENNEL,

BN BKEFIRERE BT ZARAKENETNENCLERE
MEFNEZMKITE,

I\/Iinitial = Mstored + M 2911

XA 1 Minita BEBKERLNREFTYE (K9), Msores Bl —REREBIEFY
R (kg), Mtiowin ZARAKEHNEFRYE (kg)
MEH , FEkEkEHTRTRITE

Vinitial :Vstored +V 2912

flowin

A 1 Viniia L B AKAERHIEEKE (M Ho0), Vetored Bl — K 45 RATHY Kk B (m®
HZO), Viowin 1Z B3t A KKK E (m3 HzO).

KEHIREFYFREBIS R EFT YN ENDIEKERBRER,

g, SR FAKEFNEFRYREBERBTERYNIUE. FREFR
YR 2 [E Y YD R F AL 4 2 8% ( 20 NO3 < NO, < NHy )

IURIA A ARE RN KT R ENYFEE(E 29-1) (Chapra, 1997).
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Flux = sefting velocify x conceniration

Figure 29-1: Settling losses calculated as flux of mass across the sediment-water interface.
IUEMANEFYRE K HEESKLIREERMERSEE

M iy =V -C- A -dt 29.1.3

setling
RHF | Meting IUERMEANEFYRE (kg), v RMIUEERZE (m/day), As K
TREER (M), c KEFNHREFYRRE (kg/m® H0), dt FEFEDHK
(1day). JURERN RN RN ERTAIEAZTBRBEFIHE NPT H
R, BEKEREY— , Kt RAEERSKEREAREE,

RIICERBSEF miyear HEN , Xt ABENKELY., NTH
RHH |, ENMBSIUEEREREEES - 20 miyear , BARBERT 1 miyear
HMETF 200 m/year #I3RE (Chapra, 1997), Panuska and Robertson (1999) &=
B A DR RIIURE R B #OHH 182 Higgins and Kim (1981) &
HRIMILEIERTE Tennessee B 18 NKERI (LB E }1-90 to 269 miyear H

F{ER 42.2 miyear,
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3 F 27 N EEERKEE , Walker and Kiihner (1978) fR&EBERMILEREE-1
to 125 m/year ZRIZEAL , FHEER 12.7 miyear, ABIDERFRRKER

DABRBBHNRIR , EERTKERD N BB,

—EARMBREMERLEEKENRIIERR, LREENFIE
AFEARSTBEAOEN ( BESIINS ) |, BNSHIBOIUEER, 7
Bkt | FIHRE, BERVBRE. RANBERN2ZRRIIEE
K (Panuska and Robertson, 1999), EFRENERBBRHRNKE , EEREHN
BRI D AR EABERMICOEEZE (NiUrmberg, 1984), & 29-1 B4 T FER
Sirp A NBDIURERTE

Table 29-1: Recommended apparent settling velocity values for phosphorus (Panuska and
Robertson, 1999)

Range in settling velocity

Nutrient Dynamics values (m/year)
Shallow water bodies with high net internal phosphorus flux v<0

Water bodies with moderate net internal phosphorus flux 1<v<5

Water bodies with minimal net internal phosphorus flux 5<v<16
Water bodies with high net internal phosphorus removal v>16

SEFYEME, T FKEFIUERRE SWAT AL EER 29-2 F3
o ERATAFENE-HERYRELANUBER | URE—MNEE
RIAMEE R, JUERENT(TURMBEENEHEETHRRNITM,
RAXA-—NEER | IUEELRANMERIEE, IREMETERH 0,

MG E & ZBRE KB PR E IR
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WEKEHEFRYMKRZE , TUFRLEFYRERUNGBKE

UBERAEFRMRE, HRANEFNRESKRAERURENRS. EFY

HRE

LU EREFREMERKERITE,

Table 29-2: SWAT input variables that control settling in ponds, wetlands and reservoirs.

Variable Input

Name Definition File

IPND1 Beginning month of mid-year nutrient settling period for pond and .pnd
wetland modeled in subbasin

IPND2 Ending month of mid-year nutrient settling period for pond and .pnd
wetland modeled in subbasin

PSETL1 Phosphorus settling rate in pond during mid-year nutrient settling .pnd
period (IPND1 <month <IPND2) (m/year)

PSETL2 Phosphorus settling rate in pond during time outside mid-year nutrient .pnd
settling period ( month < IPND1 or month > IPND2) (m/year)

NSETL1 Nitrogen settling rate in pond during mid-year nutrient settling period .pnd
(IPND1 <month <IPND2) (m/year)

NSETL2 Nitrogen settling rate in pond during time outside mid-year nutrient .pnd
settling period ( month < IPND1 or month > IPND2) (m/year)

PSETLW1 Phosphorus settling rate in wetland during mid-year nutrient settling .pnd
period (IPND1 <month <IPND2) (m/year)

PSETLW?2 Phosphorus settling rate in wetland during time outside mid-year .pnd
nutrient settling period ( month < IPND1 or month > IPND2) (m/year)

NSETLW1 Nitrogen settling rate in wetland during mid-year nutrient settling .pnd
period (IPND1 <month <IPND2) (m/year)

NSETLW2 Nitrogen settling rate in wetland during time outside mid-year nutrient .pnd
settling period ( month < IPND1 or month > IPND2) (m/year)

IRES1 Beginning month of mid-year nutrient settling period for reservoir dwq

IRES2 Ending month of mid-year nutrient settling period for reservoir dwq

PSETLR1 Phosphorus settling rate in reservoir during mid-year nutrient settling .lwq
period (IRES1 <month <IRES2) (m/year)

PSETLR2 Phosphorus settling rate in reservoir during time outside mid-year .lwq
nutrient settling period ( month < IRES1 or month > IRES2) (m/year)

NSETLR1 Nitrogen settling rate in reservoir during mid-year nutrient settling .lwq
period (IRES1 <month <IRES2) (m/year)

NSETLR2 Nitrogen settling rate in reservoir during time outside mid-year nutrient .lwq

settling period ( month < IRES1 or month > IRES2) (m/year)
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292 HEF#

RigkEPKEREGFE , EEAERHEE (AR, JEMER )

AUEENTHNREFELE.

v. 9
dt

XAV RREMER (m° H0), c REDEFRYRE (kg/m® H0), dt H et

WQQ - c-v-c-A 29.2.1

B (1 day), W(t) AENBEZKARAKEHEFRYE (kg/day), Q N

TIEE (m® H,0/day), v RMJEEE (m/day), As HAKERER (M)

20.3 BEEIFFL

EEENAMBERAT , SENEB T SUBIKEFRRNEEHE

MER, HERREMEERL , INERYRAZIEFYRFENE
REBTR, EEFHMENNKGTABREEFRY (W8 ) 25, RBKkEE
YINAE K, BEREABEH T FE(Merriam-Webster, Inc., 1996).
EEHKERNPHNERYEENLTERNLARREBHNEEER. K
ARG HARBENRNAE , RABTEEFLEAZTRENLE, BR
X-SRTNBEEEREEFYHIPERRIMNE, —MIF Erie 8 , H7E

15 FNEEF IR T UMEYE T BRAZMAT 150 FHHEE,
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IMEEEFCEXNTEBENERTUSBKNET. FF2HNE
MBERYEFERNENESENEN , MeIEN. EFEENEM, I
LS BRERN , IHERNBEEVNER,

A, RMBX T KEEYNERTITER, ATETEIIBEMEEXR
RAKEZ R, UREBRENERER , FTLUHREEFLIIERE
FESETEBNBA L HERKRSE , BBEENRIERE, BIRHBIH R
i, AR INEN EEFCER

EBAEEN , JRNREEFWRRN , KPR LI ARMG
kRN EEFILRES.

20.3.1 B/HER A HEXR

—WZBHE IURELBRERITENEZEa HWKFE, SWAT X
A Rast and Lee (1978) FF AWM AFERITEKEPHZE a WIRE,
Chla=0.551- p°™ 29.3.1

XA Chla H&%E a BURE (ug/L) p BBERE (ug/L).

FERELEENTERMAFEXHRE

Chla=Chla,, -0.551- p®™ 29.3.2
APFEYHRI, Chlaw ATAFRAZRETCREIEFRYNHEE a NIRE
FMME M, 2 Chla, &R 1.00, F & 2932 54/ 2931 %, [T

RSBk, RIGHFRRELE®
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20.3.2 M&ZE AVAFEREHERKR

EHFARERT —MNEKFERRSNE . AFEREEEKN
BRE , —MAFZNARERNER, BFEREATUBREHEZER a WKRE
it & (Chapra, 1997) :

SD =6.35-Chla™®4? 29.3.3
X : SD BAFERE (m), Chla HEE a BIRE (ug/L).

£ SWAT #1, 572 2933 #HI8% , UERAFREMLHREK :

SD =SD,, - 6.35- Chla**"® 29.3.4
AFEMHRE, SD,, ATAFZERZZTREDMECTASYRIN KE B
EHNEE, % SD, ®HF 100, 51 2934 5FE 2033 %, WFKRZ
Bokfs , RIGHFIRELE®.

EARAFETERENERTNKARENN ERBELELZBRXRABRTERE
RIMMAT. HA—NEXNAEME Annebessacook HHY 5K < R (EPA,

1980) f£3k 29-3 H4AH,

Table 29-3: Relationship between secchi-disk depth and public perception of water quality.

Secchi-disk depth (m) Public perception of water quality

0.0-0.9 gross pollution; water body totally unsuitable for recreation

1.0-19 algae blooms still evident; quality unacceptable for most uses

20-29 some complaints of declining water quality; some impairment of
water use

3.0-39 satisfactory quality; no impairment of water use

4.0-49 excellent water quality; a positive factor encouraging use of lake

5.0+ exceptional quality

Table 29-4: SWAT input variables that impact eutrophication calculations in ponds, wetlands and
reservoirs.

Variable Input
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Name Definition File

CHLA Chla, variable for calculation of chlorophyll a concentration ina pond  .pnd

CHLAW  Chlay variable for calculation of chlorophyll a concentration in a .pnd
wetland

CHLAR Chlay, variable for calculation of chlorophyll a concentration in a .lwgq
reservoir

SECCI SD, variable for calculation of secchi-disk depth in a pond .pnd

SECCIW  SD, variable for calculation of secchi-disk depth in a wetland .pnd

SECCIR SD, variable for calculation of secchi-disk depth in a reservoir dwq

29.4 NOMENCLATURE

As Area of sediment-water interface (m?)

Chla
Chlag,
Mﬂowin
Minitial
Msettling
Mstored

Chlorophyll a concentration (ug/L)

User-defined coefficient to adjust predicted chlorophyll a concentration
Mass of nutrient entering water body on the given day (kg)

Initial mass of nutrient in water body for the given day (kg)

Mass of nutrient lost via settling on a given day (kg)

Mass of nutrient in water body at end of previous day (kg)

Q Volumetric flow rate for water exiting water body (m® H,O/day)
SD Secchi-disk depth (m)

SDeo

User-defined coefficient to adjust predicted secchi-disk depth

V  Volume of water in water body (assumed constant) (m* H,0)

Vflowin
Vinitial
Vstored
W(t)

Volume of water entering water body on given day (m® H,0)
Initial volume of water in water body on given day (m* H,0)
Volume of water in water body at end of previous day (m* H,0)
Rate of nutrient loading (kg/day)

¢ Concentration of nutrient in the water (kg/m* H,0)
dt Length of time step (1 day)
p Total phosphorus concentration (ug P/L)

v Apparent settling velocity (m/day)

29.5
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Figure 30-1: Pesticide mass balance for well-mixed water body with sediment layer.
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=1-F, 30.1.2
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R 9 B R BATLAARTE octanol-water D ERHAEE (Chapra, 1997) :
K, =3.085x10° - K,, 30.1.3

X Ky REFDERHE (M), Kow REBEFIH octanol-water 7B R K
(mgm2,, €gm2, ). octanol-water % EIRMMEERSEHHANE

B, MRTEKRICKROBE , AILURTFEBHEMRMIT (Chapra, 1997) :
log&,, ¥5.00-0.670-log@st., 30.1.4
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MW
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HY (days).
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(Whitman, 1923; Lewis and Whitman, 1924 as described in Chapra, 1997), #8X}
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(m/day), Kq ASEERPHREAL BRI (m/day), He 7 Henry B (atm
m® mole?), R REEBSAEES (8.206 x 10° atm m® (K mole)?), Tk NBE
(K)o
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)
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7 RE(m/s). Chapra (1997) S4B T TRITE K, , WFRAGE.
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F_-pst
_y cp P lkwtr
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N ;. pstsywer ABEIIEEBREARBFIE (g pst), vs FIEEZE (m/day),
depth HAKFIRE (m), SA AKERER(M?), Fq BREFHIEAEHEFH
DB, pStrcnaer FI KRB SR BB F 8 (mg pst), V F kK EI K E(m® H,0).

30.1.5 Hik

REAFEY HREFT ARG, HRBDKEFBRESHBRSHREFNER

Fd : pStIkwtr

pst, , =Q- Y 30.1.14
F_ - pst
PSty o = % 30.1.15

RE : pstoo HREBRBRBEFIE (Mg pst), pstsove FHRERNWBRISSR
HFE(mg pst), Q NHEFER (m® H,0/day), Fy B3R BFEBEBHEMETRND
B, Fp BRBEFIEE BRI D B, pstroner KPREFIE (mg pst), V 97K
kB 4EFR (m® H,0).

Table 30-1: SWAT input variables that pesticide partitioning.

Variable Input
Name Definition File
LKPST KOC Kg: Pesticide partition coefficient (m*/g) dIwg
LKPST_REA Ky Rate constant for degradation or removal of pesticide in the water .lwg
LKPST_VOL \(/i/ @gl)atilization mass-transfer coefficient (m/day) JIwq
LKPST_STL  vq: Pesticide settling velocity (m/day) JIwq
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30.2 PP RER

e R BFEL IR AMKE RPN BmEm , BIEE, BEZE,
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tot
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IR RAEN DR

=1 30.2.2

tot

KNP ¢ AABRE, Ve BEBRHFHAXGEIRMY) , Vi BHEHEAR ().

B AR B R FR 0 BT BARE U

\Y
1-g=— 30.2.3
¢ V

tot

RN gHIBE, Ve BARFHEEERMY) , Ve BYEREAR (md).
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sed

X o AFRBRE (9/m°), My HRDEFHEETRRE®Q) , Veea H
S B BRI AR (md),
REBFTE 30.2.3 A8 Vit REE30.24 BE My FFERAAFTE30.2.1 17

/8 .
1= :

conc.,, = €= ¢ Jp, 30.2.5
X : conc,, NEDEFEEFTRNZE (/md), 9 RILEE p HFHNE
E (g/md).
W SRR BB A BRRMMALRE D5 g =0.8-095, ps=24-27
x 10° g/m® (Chapra, 1997), fRi&k ¢ =0.8, p=2.6x 10° g/m®, BN EHE

EBRMBREN 5.2 x 10° g/m’,

EZ—HPHNREF S HAIITER

Eoo 1
g+ (¢ Jp, K,

Fosed =1—Fy g 30.2.7

30.2.6

KA Fosed ARDPREFIEBBEPNDE, Fpsed NIRDPREFIER
AN, sRARE, o AFNZE (o/m’), Kg REFIDERE (m%g).
REFN P ERBERDEMKEPIIEE,
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30.2.2 (&R
EFH AR REN SRR | BREEREEDRREFNES

pst

deg,sed

=Ky s * PStyce 30.2.8

XA PStdeg,sed MR EBRIVEADPRBFINE (mg pst), Kp,sed ) BR IR A RREY
TELHRBHIAERER (1/day), pstrenses HITEDHFRBFIKE (Mg pst)o  FE
BERWEDHPREFINERERSRLHREFNERREX

0.693

K 30.2.9

psed — t
1/2,sed

R ¢ koo HRMBEBRRYD PR EF W RRBE (Uday), tires TIRDH
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EYRRHREFTURERT  BRAYEREDHREFWEN

_v, - SA. PSlices 30.2.10
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Isp ,wtr

A pstpur ABRFEREDHREFINE (mg pst), vv NERFER
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\% 30.2.11
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RF : Ve BDBH BT (m®), SA KERER (M%), Dy FIEETDEH
RE (m)e BRFTIREERIIED F /YR BFNBRINEIKEF,o

3024 ¥ #

BB PR R R TS 8 ¥ RURR AN ERNEDE 2B | R EFH
91z ) 77 [EEE R BAURER S R BHRMSREX S EMEREXEZES.
B HEKNEDZAEBHRBHER
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pSty =

Foss " PStyed  Fy - pStIkwtrj
Vv
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XA pstgir T REKRTED 2 EHEBHRBHE (mg pst), v I BEBEERE
¥ (m/day), SA AKEREIR (M), Foed BRDREF PEBEEN D,
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s Pluss  Fa Phow pyy WEW M AR RB. MR
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F, . - Pt
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FEREER, vy, AJLBIEZLK 2 (Chapra, 1997) & & :

v, _ 0935, ¢-Mw 23 30.2.13
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RN vy AT BUESER (m/day), ¢ RIRDARER, BE MW XBFES
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30.2.5

B3 0 5% ) T BUBHE R IR 2 o S SR TR 55 O RS0 R R Y SR o

FIER :

—v, -SA. Pl 30.2.14

tot

pst

bur

A psty,y NETEBRMMEAWEDERHRBEFIE (g pst), v, FIBFH
EZE (m/day), SA HKEREI (M), pStrcnsed TED P REFIHIE (Mg pst) ,
Vit HRDERIER (M),

Table 30-2: SWAT input variables related to pesticide in the sediment.

Variable Name Input
Definition File
LKPST_KOC Kg: Pesticide partition coefficient (m°/g) dwq

LKSPST_REA  Kkyq: Rate constant for degradation or removal of pesticide in the .lwg
sediment (1/day)

LKPST_RSP v,: Resuspension velocity (m/day) JIwg
LKSPST_ACT  Dgyq: Depth of the active sediment layer (m) JIwq
LKPST_MIX vg: Rate of diffusion or mixing velocity (m/day) JIwg
LKSPST _BRY  v,: Pesticide burial velocity (m/day) Iwg

30.3 REBSE

The processes described above can be combined into mass balance

equations for the well-mixed water body and the well-mixed sediment layer:
ApStIkWtr = pStin - ()Stsol 0 + pStsorb,o a p deg ,wtr pST\I0| wtr

- pStstI wtr + pStrsp,wtr * pStdif 30.3.1

ApStIksed = pStdeg,sed + pStstI,wtr - pStrsp,wtr - pstbur * pStdif 30.3.2
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RN ApStrhwr KEFRBFIEHZEIL (mg pst), ApStichseds ATEDEARR
BFIFEMZEIL (mg pst), pstin IATRIEINAATRRRFIE (mg pst), pstsoro
NHEARERITRRETIE (mg pst), pstorme HAERABPRSREFE
(Mg pst), pSteeguer I FERABMK P ERRIIRBFIE (Mg pst), pstorwr NIERE
BREVRBEFIE (mg pst), psteuwr JLELSBREIREBFIE (Mg pst), pstrpwer R
FEBRKREFIE (mg pst), pstar T HEKSRDZEEBHREFE (mg
pst), PStaegsed S FEFREBRRVED FHIREFIE (mg pst), pstoyr B EBRHIR

BFE (mg pst)e

30.4 NOMENCLATURE

Dy Gas molecular diffusion coefficient (mzlday)

D, Liquid molecular diffusion coefficient (m?/day)

Dseq Depth of the active sediment layer (m)

Fq Fraction of total pesticide in the dissolved phase

Fasea  Fraction of total sediment pesticide in the dissolved phase
Fp Fraction of total pesticide in the particulate phase

Fpseda  Fraction of total sedlment pestlcide in the particulate phase
He Henry’s constant (atm m® mole™)

Ky Pesticide partition coefficient (m*/g)

Ky Mass-transfer velocity in the gaseous laminar layer (m/day)
Ki Mass-transfer velocity in the liquid laminar layer (m/day)
Kio, Oxygen transfer coefficient (m/day)

McegMass of solid phase in the sediment layer (g)

MW Molecular weight of the pesticide compound

Q Rate of outflow from the water body (m* H,O/day)
R Universal gas constant (8.206 x 10® atm m® (K mole)™)
SA Surface area of the water body (m?)

V  Volume of water in the water body (m® H,0)

Veeg Volume of solids in the sediment layer (m®)

Vit Total volume of the sediment layer (m®)

Vutr Volume of water in the sediment layer (m?)

conceq Concentration of suspended solids in the water (g/m?)
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conc,,, “Concentration” of solid particles in the sediment layer (g/m°)

kp,aq Rate constant for degradation or removal of pesticide in the water (1/day)

kpsed  Rate constant for degradation or removal of pesticide in the sediment (1/day)

pstour  Amount of pesticide removed via burial (mg pst)

PStaeqg sed AMount of pesticide removed from the sediment via degradation (mg pst)

PStaegwer Amount of pesticide removed from the water via degradation (mg pst)

pstsir  Amount of pesticide transferred between the water and sediment by diffusion (mg
pst)

pstinPesticide added to the water body via inflow (mg pst)

pstises Amount of pesticide in the sediment (mg pst)

pstiwer  Amount of pesticide in the water (mg pst)

pstrspwer Amount of pesticide removed from sediment via resuspension (mg pst)

pstsol o Amount of dissolved pesticide removed via outflow (mg pst)

PsStsorb. o Amount of particulate pesticide removed via outflow (mg pst)

pstsuwtr Amount of pesticide removed from the water due to settling (mg pst)

pstvorwtr Amount of pesticide removed via volatilization (mg pst)

tinaqg  Aqueous half-life for the pesticide (days)

tinsed  Sediment half-life for the pesticide (days)

Vp Pesticide burial velocity (m/day)
Vg Rate of diffusion or mixing velocity (m/day)
Vr Resuspension velocity (m/day)

Vs Settling velocity (m/day)

vy Volatilization mass-transfer coefficient (m/day)
zg Thickness of the gas film (m)

zy  Thickness of the liquid film (m)

¢ Porosity

Apstiwer Change in pesticide mass in the water layer (mg pst)
Apstises Change in pesticide mass in the sediment layer (mg pst)
ps  Particle density (g/m®)

Hw  Wind speed (m/s)

30.5 REFERENCES

Chapra, S.C. 1997. Surface water-quality modeling. WCB/McGraw-Hill, Boston,
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A 3 x 3 matrix of elements defined to ensure serial and cross correlation of
generated temperature and radiation values A=M, -M,™

A Cross-sectional area of flow in the channel (m?)

Ach,bnkfu"Crgss-sectional area of flow in the channel when filled to the top of the bank
(m°)

As Area of sediment-water interface (m?)

Asurt Amplitude of the surface fluctuations in soil temperature (°C)

AGP Algal growth potential (mg/L)

Area  Subbasin area (km? or ha)

AU Astronomical unit (1 AU = 1.496 x 10° km)

AWC  Available water capacity (mm H,0)

AWC,, Available water capacity for layer ly (mm H,0)

B 3 x 3 matrix of elements defined to ensure serial and cross correlation of

generated temperature and radiation values B-B' =M, -M,-M, " -M,"

BFD  Number of baseflow days for the watershed

C Runoff coefficient in peak runoff rate calculation

C1 Coefficient in Muskingum flood routing equation

C2 Coefficient in Muskingum flood routing equation

C3 Coefficient in Muskingum flood routing equation

Ccn Channel cover factor

Cnusa  Concentration of ammonium in the reach (mg N/L)

Cnos  Concentration of nitrate in the reach (mg N/L)

Csolidphase  Concentration of the pesticide sorbed to the solid phase (mg chemical/kg solid
material)

Csip  Concentration of phosphorus in solution in the reach (mg P/L)

Csowtion  Concentration of the pesticide in solution (mg chemical/L solution)

Custe  USLE cover and management factor

Cusie.aa Average annual C factor for the land cover

CusLemn Minimum value for the cover and management factor for the land cover

CFRG Coarse fragment factor

Chla  Chlorophyll a concentration (ng/L)

Chla,, User-defined coefficient to adjust predicted chlorophyll a concentration

CN Curve number

CN; Moisture condition | curve number

CNzMoisture condition Il curve number

CNys  Moisture condition Il curve number adjusted for slope

CN3Moisture condition Il curve number

CO,Concentration of carbon dioxide in the atmosphere (ppmv)

CO2amp Ambient atmospheric CO, concentration (330 ppmv)

COani  Elevated atmospheric CO; concentration (ppmv)

CV Total aboveground biomass and residue present on current day (kg ha™)

Da Oxygen deficit above the structure (mg O-/L)

Dy Oxygen deficit below the structure (mg O/L)

Dy Gas molecular diffusion coefficient (m?/day)

D, Liquid molecular diffusion coefficient (m%/day)
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Dn Molecular diffusion coefficient for oxygen (m?/day)

Dseq Depth of the active sediment layer (m)

DA HRU drainage area (km?)

E Depth rate evaporation (mm d™)

Eo Eccentricity correction factor of earth (ro/r)?

Ea Actual amount of evapotranspiration on a given day (mm H,0)

Ecan Amount of evaporation from free water in the canopy on a given day (mm H,0)

Een Evaporation from the reach for the day (m* H,0)

E, Potential evapotranspiration (mm d*)

E, Potential evapotranspiration adjusted for evaporation of free water in the canopy

(mm H,0)

Es Maximum sublimation/soil evaporation on a given day (mm H,O)

E. Maximum sublimation/soil evaporation adjusted for plant water use on a given
day (mm H,0)

E. Maximum soil water evaporation on a given day (mm H,0)

Esoily  Evaporative demand for layer ly (mm H,0)
E! Evaporative demand for layer ly adjusted for water content (mm H,0)

soil ,ly

Egiy Amount of water removed from layer ly by evaporation (mm H,0)

Eswiz  Evaporative demand at depth z (mm H,0)

Esorm  Total storm energy (0.0017 m-metric ton/m?),

Esub Amount of sublimation on a given day (mm H,0)

E. Transpiration rate (maximum) (mm d™)

Eiact  Actual amount of transpiration on a given day (mm H,0)

Eluste Rainfall erosion index (0.017 m-metric ton cm/(m2 hr))

EL Elevation (m)

ELpana Mean elevation in the elevation band (m)

ElLgage Elevation at the precipitation, temperature, or weather generator data recording
gage (m)

Fq Fraction of total pesticide in the dissolved phase

Fasea  Fraction of total sediment pesticide in the dissolved phase

Fint Cumulative infiltration at time t (mm H,0)

Fp Fraction of total pesticide in the particulate phase

Fosea  Fraction of total sediment pesticide in the particulate phase

FC Water content of soil profile at field capacity (mm H,0)

FCy  Water content of layer ly at field capacity (mm H,0)

FL  Algal growth attenuation factor for light for the water column

FL, Algal growth attenuation factor for light at depth z

FN Algal growth limitation factor for nitrogen

FP Algal growth limitation factor for phosphorus

G Heat flux density to the ground (MJ m™ d™)

Ho Extraterrestrial daily irradiation (MJ m? d™)

Hp Net outgoing long-wave radiation (MJ m™? d™%)

HaaySolar radiation reaching ground on current day of simulation (MJ m?d?)

He Henry’s constant (atm m® mole™)

H. Long-wave radiation (MJ m?d™)
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HwxMaximum possible solar radiation (MJ m?d™)

Hnet Net radiation on day (MJ m™ d™)

Ho Saturated thickness normal to the hillslope at the outlet expressed as a fraction of
the total thickness (mm/mm)

Hpnosyn  Intercepted photosynthetically active radiation on a given day (MJ m)

Hr Radiant energy (MJ m*d™)

HI Potential harvest index for a given day

Hla:  Actual harvest index

Hlnin Harvest index for the plant in drought conditions and represents the minimum
harvest index allowed for the plant

Hloe  Potential harvest index for the plant at maturity given ideal growing conditions

Hlyg  Target harvest index

HU  Number of heat units accumulated on a given day where base temperature is
dependant on the plant species (heat units)

HUo,  Number of base zero heat units accumulated on a given day (heat units)

lo Extraterrestrial daily irradiance incident on a horizontal surface (MJ m™? h%)

lon Extraterrestrial daily irradiance incident on a normal surface (MJ m2h™)

I3 Maximum 30 minute intensity (mm/hr)

la Initial abstractions which includes surface storage, interception and infiltration
prior to runoff (mm H,0)

lrac  Fraction of daily solar radiation falling during specific hour on current day of
simulation

Inr Solar radiation reaching ground during specific hour on current day of simulation
(MIm?h?

Ionosyn,irPhotosynthetically-active solar radiation reaching ground during specific hour on
current day of simulation (MJ m?h™)

Ionosyn,z Photosynthetically-active light intensity at a depth z below the water surface
(MJ/m?*-hr)

Isc Solar constant (4.921 MJ m?h™)

I Daylight average photosynthetically-active light intensity (MJ/m?-hr)

I phosyn ,hr

Ji Jet index used to calculate channel erodibility

K Storage time constant for the reach (s)

Ko.abnkiun Storage time constant calculated for the reach segment with one-tenth of the
bankfull flows (s)

K1 Dimension coefficient in Penman-Monteith equation

Konkrunt Storage time constant calculated for the reach segment with bankfull flows (s)

Ken  Effective hydraulic conductivity of the channel alluvium (mm/hr)

Kcu Channel erodibility factor

Kq Pesticide partition coefficient (m®/g)

Ke Effective hydraulic conductivity (mm/hr)

Ky Mass-transfer velocity in the gaseous laminar layer (m/day)

K, Mass-transfer velocity in the liquid laminar layer (m/day)

KL Half-saturation coefficient for light (MJ/m?-hr)

Kio,  Oxygen transfer coefficient (m/day)

Kn Michaelis-Menton half-saturation constant for nitrogen (mg N/L)
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Koc  Soil adsorption coefficient normalized for soil organic carbon content (ml/g or
(mg/kg)/(mg/L) or L/kg)

K, Soil adsorption coefficient ((mg/kg)/(mg/L))

Kp Michaelis-Menton half-saturation constant for phosphorus (mg P/L)

Ksat  Saturated hydraulic conductivity (mm/hr)

Kuste USLE soil erodibility factor (0.013 metric ton m? hr/(m>-metric ton cm))

L Channel length from the most distant point to the subbasin outlet (km)

Lc Average flow channel length for the subbasin (km)

Len  Distance along the channel to the subbasin centroid (km)

Len Length of main channel (km)

Lgw  Distance from the ridge or subbasin divide for the groundwater system to the
main channel (m)

Lnin Hillslope length (m)

Lap  Subbasin slope length (m)

LAl Leaf area index of the canopy

LAlevap Leaf area index at which no evaporation occurs from the water surface

LAl Maximum leaf area index for the plant

LSuste USLE topographic factor

M Particle-size parameter for estimation of USLE K factor

Mo 3 x 3 matrix of correlation coefficients between maximum temperature, minimum
temperature and solar radiation on same day

M; 3 x 3 matrix of correlation coefficients between maximum temperature, minimum
temperature and solar radiation on consecutive days

Miowin - Mass of nutrient entering water body on the given day (kg)

Miniiar  Initial mass of nutrient in water body for the given day (kg)

Ms Mass of the solids (Mg)

McegMass of solid phase in the sediment layer (g)

Msetiing  Mass of nutrient lost via settling on a given day (kg)

Msores Mass of nutrient in water body at end of previous day (kg)

MW Molecular weight of the pesticide compound

N Time lapsed since the start of the recession (days)

Nacwaipty Actual nitrogen uptake for layer ly (kg N/ha)

Neecty  Nitrogen decomposed from the fresh organic N pool (kg N/ha)

Neemana Nitrogen uptake demand not met by overlying soil layers (kg N/ha)

Naenitty Amount of nitrogen lost to denitrification (kg N/ha)

Nevap  Amount of nitrate moving from the first soil layer to the soil surface zone (kg
N/ha)

Nrix Amount of nitrogen added to the plant biomass by fixation (kg N/ha)

Nminaty Nitrogen mineralized from the humus active organic N pool (kg N/ha)

Nminty Nitrogen mineralized from the fresh organic N pool (kg N/ha)

Nnitty - Amount of nitrogen converted from NH,;" to NO; in layer ly (kg N/ha)

N Amount of ammonium converted via nitrification and volatilization in layer ly

(kg N/ha)
Nrain  Nitrate added by rainfall (kg N/ha)

Nuns)y Amount of nitrogen transferred between the active and stable organic pools (kg
N/ha)

nit|vol ly
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Nyp Potential nitrogen uptake (kg N/ha)

Nty  Potential nitrogen uptake for layer ly (kg N/ha)

Ny,  Potential nitrogen uptake from the soil surface to depth z (kg N/ha)

Nupz Potential nitrogen uptake from the soil surface to the lower boundary of the soil
layer (kg N/ha)

Nupu Potential nitrogen uptake from the soil surface to the upper boundary of the soil
layer (kg N/ha)

Nvoryy Amount of nitrogen converted from NH;* to NH; in layer ly (kg N/ha)

NDwrg Number of days required for the reservoir to reach target storage

NH4  Ammonium content of the soil profile (kg NH4-N/ha)

NH4st Amount of ammonium added to the soil in the fertilizer (kg N/ha)

NH4,,  Ammonium content of layer ly (kg NH4-N/ha)

NH4s, Ammonium concentration in the stream (mg N/L)

NO24 Nitrite concentration in the stream (mg N/L)

NO3  Nitrate content of the soil profile (kg NO3-N/ha)

NO3cnc; Concentration of nitrate in the soil at depth z (mg/kg or ppm)

NO3set Amount of nitrate added to the soil in the fertilizer (kg N/ha)

NO3;,, Amount of lateral flow nitrate generated in HRU on a given day (kg N/ha)

NO3Sya,y Nitrate removed in lateral flow from a layer (kg N/ha)

NO3jasstor,i-1 Lateral flow nitrate stored or lagged from the previous day (kg N/ha)
NO3j, Nitrate content of soil layer ly (kg NO3z-N/ha)

NO3perc,y Nitrate moved to the underlying layer by percolation (kg N/ha)

NO3sr Nitrate concentration in the stream (mg N/L)

NO3qus Nitrate removed in surface runoff (kg N/ha)

NO3.,; Amount of surface runoff nitrate generated in HRU on a given day (kg N/ha)

surf
NO3surstor -1 Surface runoff nitrate stored or lagged from the previous day (kg N/ha)

OM Percent organic matter (%)

Oxsat  Saturation oxygen concentration (mg O,/L)

Oxsr Dissolved oxygen concentration in the stream (mg O,/L)

Oxsrr Dissolved oxygen concentration in surface runoff (mg O,/L)

P Atmospheric pressure (kPa)

Pactualupy Actual phosphorus uptake for layer ly (kg P/ha)

P Amount of phosphorus transferred between the active and stable mineral pools

act|sta,ly
(kg P/ha)
Pcen  Wetted perimeter for a given depth of flow (m)
Pgecty Phosphorus decomposed from the fresh organic P pool (kg P/ha)
Pdemand Phosphorus uptake demand not met by overlying soil layers (kg P/ha)
Pi(D/D) Probability of a dry day on day i given adry day on day i — 1
Pi(D/W) Probability of a dry day on day i given a wet day on day i — 1
Pi(W/D) Probability of a wet day on day i given a dry day on day i — 1
Pi(W/W) Probability of a wet day on day i given a wet day onday i — 1
Pminaly Phosphorus mineralized from the humus active organic P pool (kg P/ha)
Pmint)y Phosphorus mineralized from the fresh organic P pool (kg P/ha),
Pperc  Amount of phosphorus moving from the top 10 mm into the first soil layer (kg
P/ha)
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Psolutionfert Amount of phosphorus in the solution pool added to the soil in the fertilizer
(kg P/ha)

Psoutiony  Phosphorus content of soil solution in layer ly (kg P/ha)

P Amount of phosphorus transferred between the soluble and active mineral pool

sol|act,ly
(kg P/ha)
Pswori-1 Solution P loading stored or lagged from the previous day (kg P/ha)
PsurrAmount of soluble phosphorus lost in surface runoff (kg P/ha)
P! Amount of solution P loading generated in HRU on a given day (kg P/ha)

surf

Py Potential phosphorus uptake (kg P/ha)

Pu,y  Potential phosphorus uptake for layer ly (kg P/ha)

Pup,.Potential phosphorus uptake from the soil surface to depth z (kg P/ha)

Puw.a Potential phosphorus uptake from the soil surface to the lower boundary of the
soil layer (kg P/ha)

Puw.u Potential phosphorus uptake from the soil surface to the upper boundary of the
soil layer (kg P/ha)

Puste  USLE support practice factor

PHU Potential heat units or total heat units required for plant maturity where base
temperature is dependant on the plant species (heat units)

PHU, Total base zero heat units or potential base zero heat units (heat units)

Q Volumetric flow rate for water exiting water body (m® H,O/day)

Qgw Groundwater flow, or base flow, into the main channel (mm H,0)

Qgwo  Groundwater flow at the start of the recession (mm H,O)

Qgwn  Groundwater flow on day N (mm H,0)

Qlat Lateral flow; water discharged from the hillslope outlet (mm H,O/day)

Quatstor -1 Lateral flow stored or lagged from the previous day (mm H,0)

Qstor  Surface runoff stored or lagged (mm H;0)

Qsurs Surface runoff on a given day (mm H,0)

R Universal gas constant (8.206 x 10® atm m® (K mole)™)

Rossm  Smoothed maximum half-hour rainfall for a given month (mm H,0)

Rosx  Extreme maximum half-hour rainfall for the specified month (mm H,0)

R4« Amount of rain falling during the time step (mm H,0)

Rpand  Precipitation falling in the elevation band (mm H,0)

Reh Hydraulic radius for a given depth of flow (m)

Raay  Amount of rainfall on a given day (mm H0)

R/ Amount of precipitation on a given day before canopy interception is removed

day

(mm H20)

Rh Average relative humidity for the day

Rhomon Average relative humidity of the month on dry days

Rhimon Smallest relative humidity value that can be generated on a given day in the
month

Rhmon Average relative humidity for the month

Rhumon Largest relative humidity value that can be generated on a given day in the month

Rhwmon Average relative humidity for the month on wet days

Rint Amount of free water held in the canopy on a given day (mm H,0)

Rnos  Concentration of nitrogen in the rain (mg N/L)
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R Amount of rain falling during the time of concentration (mm H,0)

RUE  Radiation-use efficiency of the plant (kg/ha-(MJ/m?)™* or 107 g/MJ)

RUE.m, Radiation-use efficiency of the plant at ambient atmospheric CO, concentration
(kg/ha-(MI/m?)™* or 107 g/MJ)

RUEn Radiation-use efficiency of the plant at the elevated atmospheric CO,
concentration, COai, (kg/ha-(MJ/m?)™* or 107 g/MJ)

RUE,p=1 Radiation-use efficiency for the plant at a vapor pressure deficit of 1 kPa
(kg/ha-(MJ/m?)™* or 10 g/MJ)

S Retention parameter in SCS curve number equation (mm)

S; Retention parameter for the moisture condition 111 curve number

St; Retention parameter adjusted for frozen conditions (mm)

Smax Maximum value the retention parameter can achieve on any given day (mm)

SA Surface area of the water body (m?)

SAem  Surface area of the reservoir/pond when filled to the emergency spillway (ha)

SAmx  Surface area of the wetland when filled to the maximum water level (ha)

SAnor  Surface area of the wetland when filled to the normal water level (ha)

SAyrSurface area of the reservoir/pond when filled to the principal spillway (ha)

SAT Amount of water in the soil profile when completely saturated (mm H,0),

SATyy,  Amount of water in the soil layer when completely saturated (mm H,0)

SC Storage coefficient for variable storage flow routing

SD Secchi-disk depth (m)

SD.,  User-defined coefficient to adjust predicted secchi-disk depth

SED  Solid build up (kg/curb km)

SEDmx Maximum accumulation of solids possible for the urban land type (kg/curb km)

SNDygay Standard normal deviate for the day

SNO  Water content of snow cover on current day (mm H,0)

SNO;00 Amount of snow above which there is 100% cover (mm H,0)

SNOm;:  Amount of snow melt on a given day (mm H,0)

SW Amount of water in soil profile (mm H,0)

SWiy  Soil water content of layer ly (mm H0)

SWiyexcess Drainable volume of water stored layer (mm H,0)

Toare  Temperature of soil surface with no cover (°C)

Toase Plant’s base or minimum temperature for growth (°C)

ToL Daylength (h)

ToLmn  Minimum daylength for the watershed during the year (hrs)

ToLwmr  Threshold daylength to initiate dormancy (hrs)

Thr Air temperature during hour (°C)

Tk Mean air temperature in Kelvin (273.15 + °C)

Tmit Threshold temperature for snow melt (°C)

Tmn Minimum air temperature for day (°C)

Tmnbanda  Minimum daily temperature in the elevation band (°C)

Tmx Maximum air temperature for day (°C)

Tmxpand  Maximum daily temperature in the elevation band (°C)

Topt Plant’s optimal temperature for growth (°C)

Ts.r Rain/snow boundary temperature (°C)
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Toow  SNow pack temperature on a given day (°C)

Tsoil Soil temperature (°C)

Tsoit)y ~ Temperature of layer ly (°C)

Tsr Time of sunrise in solar day (h)

Tss Time of sunset in solar day (h)

Tssurt Soil surface temperature (°C)

Twatk ~ Water temperature in Kelvin (273.15+°C)
Twater  Average daily water temperature (°C)

T aa Average annual soil temperature (°C)

T anair  Average annual air temperature (°C)

T . Mean air temperature for day (°C)

Tapads  Mean daily temperature in the elevation band (°C)
T, Average water temperature (°C)

water

TN  Total Kjeldahl nitrogen load (moles)

TP Total phosphorus load (moles)

TT Travel time (s)

TTiag Lateral flow travel time (days)

TTpere  Travel time for percolation (hrs)

V  Volume of water in water body (m* H,0)

Va Volume of air (m°)

Vionk Volume of water added to the reach via return flow from bank storage (m® H,0)

Ve Volume of water stored in the channel (m°)

Vem  Volume of water held in the reservoir when filled to the emergency spillway (m
H.0)

Vevap  Volume of water removed from the water body by evaporation during the day (m®
H.0)

Viowin  Volume of water entering water body on given day (m? H,0)

Viiowout VOlume of water flowing out of the water body during the day (m* H,0)

V! Initial estimate of the volume of water flowing out of the water body during the

flowout

day (m® H,0)

Vin Volume of inflow during the time step (m* H,0)

Viniiar  Initial volume of water in water body on given day (m* H,0)

Vmx  Volume of water held in the wetland when filled to the maximum water level (m3
H.0)

Vior  Volume of water held in the wetland when filled to the normal water level (m3
H.0)

Vout Volume of outflow during the time step (m* H,0)

Voep Volume of precipitation falling on the water body during the day (m® H,0)

Vpormx  Maximum amount of water that can be stored in the pothole (m* H,0)

Vor - Volume of water held in the reservoir when filled to the principal spillway (m®
H,0)

Vs Volume of solids (m?®)

Veeg Volume of solids in the sediment layer (m®)

Vseep  Volume of water lost from the water body by seepage (m® H,0)

3
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Vsores  Volume of water stored in water body or channel (m® H,0)
Vr Total soil volume (m?®)

Viarg Target reservoir volume for a given day (m® H,0)
Vit Total volume of the sediment layer (m°)

Vw Volume of water (m®)

Vutr Volume of water in the sediment layer (m?)

W  Width of channel at water level (m)

W(t)  Rate of nutrient loading (kg/day)

Wy Top width of the channel when filled with water (m)
Wpim Bottom width of the channel (m)

Wpmae  Bottom width of the flood plain (m)

WP Water content at wilting point (mm H,0)

WPy, Water content of layer ly at wilting point (mm H,0)
X Weighting factor in Muskingum routing

Y  Total constituent load (kg)
Yses Cumulative amount of solids washed off at time t (kg/curb km)

a Constant in equation used to calculate the cloud cover adjustment factor
a1 Constant in equation used to calculate net emissivity
ar Unit channel regression intercept (m°)

ax Regression intercept for a channel of length L and width W (m®)

aa Exponent between 0 and 1 that varies with atmospheric stability and surface
roughness that is used in calculating wind speed at different heights

adjos, Peak rate adjustment factor

adjnma Change in relative humidity expressed as a fraction

adjpep % change in rainfall

adjras  Change in radiation (MJ m?d™?)

adjmp Change in temperature (°C)

algae  Algal biomass concentration (mg alg/L)

aper  Pesticide application efficiency

ageq Amount of water stored in the deep aquifer (mm H;0)

agsh Amount of water stored in the shallow aquifer (mm H,0)

agshthr,g Threshold water level in shallow aquifer for base flow (mm H,0)

arean, HRU area (ha or km?)

b Constant in equation used to calculate the cloud cover adjustment factor

by Constant in equation used to calculate net emissivity

by Scaling factor that controls the degree of deviation in relative humidity caused by
the presence or absence of precipitation

bmt  Melt factor for the day (mm H,O/day-°C)

bms  Melt factor for June 21 (mm H,O/day-°C)

bminz  Melt factor for December 21 (mm H,O/day-°C)

br Unit channel regression slope

br Scaling factor that controls the degree of deviation in solar radiation caused by the
presence or absence of precipitation
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bt Scaling factor that controls the degree of deviation in temperature caused by the
presence or absence of precipitation

bx Regression slope for a channel of length L and width W

bactipsolfert Amount of less persistent bacteria in the solution pool added to the soil in the
fertilizer (# bact/ha)

bactipsorn,fert Amount of less persistent bacteria in the sorbed pool added to the soil in
fertilizer (# bact/ha)

bactysol et Amount of persistent bacteria in the solution pool added to the soil in the
fertilizer (# bact/ha)

bactysornfert Amount of persistent bacteria in the sorbed pool added to the soil in fertilizer
(# bact/ha)

bcv Weighting factor for impact of ground cover on soil surface temperature

bio Total plant biomass on a given day (kg/ha)

bioyg Aboveground biomass on the day of harvest (kg ha™)

bioy  Actual mass of nitrogen stored in plant material (kg N/ha)

bion,opt Optimal mass of nitrogen stored in plant material for the growth stage (kg N/ha)

biop  Actual mass of phosphorus stored in plant material (kg P/ha)

biop opr Optimal mass of phosphorus stored in plant material for the current growth stage
(kg P/ha)

bioyg Target biomass specified by the user (kg/ha)

bnk Total amount of water in bank storage (m® H,0)

bnki,  Amount of water entering bank storage (m® H,0)

bNnKrevap,mx Maximum amount of water moving into the unsaturated zone in response to

water deficiencies (m* H,0)

¢ Concentration of nutrient in the water (kg/m* H,0)

ck Celerity corresponding to the flow for a specified depth (m/s)

¢, Specific heat of moist air at constant pressure (1.013 x 10° MJ kg™ °C™)

Coerm  Profile-permeability class

Csoilstr  S0il-structure code used in soil classification

Csp Coefficient in sediment transport equation

cangay Maximum amount of water that can be trapped in the canopy on a given day (mm
H,0)

cannx Maximum amount of water that can be trapped in the canopy when the canopy is
fully developed (mm H,0)

cbod  Carbonaceous biological oxygen demand concentration (mg CBOD/L)

cbodsurq CBOD concentration in surface runoff (mg CBODI/L)

chlaChlorophyll a concentration (ug chla/L)

coef;  Weighting coefficient for storage time constant calculation

coef,  Weighting coefficient for storage time constant calculation

coef,  Empirical water quality factor

coef,  Empirical dam aeration coefficient

coefek  Adjustment coefficient for crack flow

coefe,  Evaporation coefficient

concy  Concentration of nitrogen in a layer (mg/kg or ppm)

CONCnoszmobile  CONcentration of nitrate in the mobile water for a given layer (kg N/mm

H,0)
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concorgn Concentration of organic nitrogen in the soil surface top 10 mm (g N/ metric ton
soil)

concp  Concentration of phosphorus in a layer (mg/kg or ppm)

CoNCpstfiow CoNcentration of pesticide in the mobile water (kg pst/ha-mm H,0)

concsg Concentration of sediment in lateral and groundwater flow (mg/L)

conc,, “Concentration” of solid particles in the sediment layer (g/m°)

CONCseqcni  Initial sediment concentration in the reach (kg/L or ton/m®)
CONCsed,chmx Maximum concentration of sediment that can be transported by the water
(kg/L or ton/m®)

CONCsed eq EQuilibrium concentration of suspended solids in the water body (Mg/m®)

CONCsed,surg CONcentration of sediment in surface runoff (Mg sed/m® H,0)

concsgp Concentration of phosphorus attached to sediment in the top 10 mm (g P/ metric

ton soil)

coviSnow cover areal depletion curve shape coefficient

cov.Snow cover areal depletion curve shape coefficient

COVsol  Soil cover index

crk Total crack volume for the soil profile on a given day (mm)

crky  Crack volume for the soil layer on a given day expressed as a depth (mm)

crkyq1 Crack volume for the soil layer on the previous day (mm)

crky, Initial crack volume calculated for the soil layer on a given day expressed as a
depth (mm)

Crkmax Potential crack volume for the soil profile expressed as a fraction of the total
volume

Crkmaxy Maximum crack volume possible for the soil layer (mm)

d Zero plane displacement of the wind profile (cm)

dso Median particle size of the inflow sediment (um)

d, Day number of year, 1 on January 1 and 365 on December 31

daysary Number of dry days in the month

daysw: Total number of days in the month

dayswet Number of wet days in the month

dd Damping depth (mm)

ddmax  Maximum damping depth (mm)

depth Depth of water in the channel (m)

depthpnksun Depth of water in the channel when filled to the top of the bank (m)

depthgcue Amount of downcutting (m)

depthng Depth of water in the flood plain (m)

depthyy Depth of the soil layer (mm)

df Depth factor used in soil temperature calculations

div. Volume of water added or removed from the reach for the day through diversions
(m® H,0)

dt Length of time step (1 day)

dursw  Duration of flow (hr)

e Actual vapor pressure on a given day (kPa)

emon Actual vapor pressure at the mean monthly temperature (kPa)

e’ Saturation vapor pressure on a given day (kPa)
e Saturation vapor pressure at the mean monthly temperature (kPa)

0
mon
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epco Plant uptake compensation factor

esco  Soil evaporation compensation coefficient

expsa Exponent for impoundment surface area calculation

f Coefficient

fosi Factor that gives low soil erodibility factors for soils with high clay to silt ratios

fag Factor to adjust for cloud cover in net long-wave radiation calculation

fesana  Factor that gives low soil erodibility factors for soils with high coarse-sand
contents and high values for soils with little sand

for  Growth stage factor in nitrogen fixation equation

frisana  Factor that reduces soil erodibility for soils with extremely high sand contents

finr Infiltration rate (mm/hr)

fana Preference factor for ammonia nitrogen

fros Soil nitrate factor in nitrogen fixation equation

forge Factor that  reduces soil erodibility for soils with high organic carbon content

faw Soil water factor in nitrogen fixation equation

fert  Amount of fertilizer applied (kg/ha)

fertesr  Fertilizer application efficiency assigned by the user

fertipace  Concentration of less persistent bacteria in the fertilizer (# bact/kg fert)

fertminn Fraction of mineral nitrogen in the fertilizer

fertmine Fraction of mineral P in the fertilizer

fertyws Fraction of mineral N in the fertilizer that is ammonium

fertorgn  Fraction of organic N in the fertilizer

fertorge  Fraction of organic P in the fertilizer

fertynact Concentration of persistent bacteria in the fertilizer (# bact/kg fert)

fraen  Fraction of humic nitrogen in the active pool

fray Fraction of the curb length available for sweeping (the availability factor)

frung Fraction of subbasin area within the elevation band

froL Fraction of daylight hours

frgmx Fraction of the maximum stomatal conductance, g,

pressure deficit, vpds

frimp Fraction of the subbasin area draining into the impoundment

frias  Fraction of the maximum plant leaf area index corresponding to the 1% point on
the optimal leaf area development curve

fria2  Fraction of the maximum plant leaf area index corresponding to the 2™ point on
the optimal leaf area development curve

framx Fraction of the plant’s maximum leaf area index corresponding to a given fraction
of potential heat units for the plant

fry Optimal fraction of nitrogen in the plant biomass for current growth stage

frna  Normal fraction of nitrogen in the plant biomass at emergence

frn2 - Normal fraction of nitrogen in the plant biomass at 50% maturity

frns  Normal fraction of nitrogen in the plant biomass at maturity

frn~3  Normal fraction of nitrogen in the plant biomass near maturity

frnyie  Fraction of nitrogen in the yield

frnwa  Fraction of algal nitrogen uptake from ammonium pool,

froiryy  EStimated fraction of nitrogen lost by nitrification

frp Fraction of phosphorus in the plant biomass

achieved at the vapor

,mx 1
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frea Normal fraction of phosphorus in the plant biomass at emergence

fre,  Normal fraction of phosphorus in the plant biomass at 50% maturity

fre3  Normal fraction of phosphorus in the plant biomass at maturity

fre~3  Normal fraction of phosphorus in the plant biomass near maturity

freyie  Fraction of phosphorus in the yield

fronosyn  Fraction of solar radiation that is photosynthetically active

frequ  Fraction of potential heat units accumulated for the plant on a given day in the
growing season

frepu Fraction of the growing season corresponding to the 1% point on the optimal leaf
area development curve

frenu2 Fraction of the growing season corresponding to the 2™ point on the optimal leaf
area development curve

frenuson Fraction of potential heat units accumulated for the plant at 50% maturity
(freru 50%=0.5)

frenu 1000 Fraction of potential heat units accumulated for the plant at maturity
(freru,100%=1.0)

frenusen  Fraction of growing season at which senescence becomes the dominant growth
process

frpot Fraction of the HRU area draining into the pothole

froot  Fraction of total biomass in the roots on a given day in the growing season

frinsFraction of transmission losses partitioned to the deep aquifer

frvoly  Estimated fraction of nitrogen lost by volatilization

frusnWash-off fraction for the pesticide

frac Fraction of the time step in which water is flowing in the channel

g Exponent

g, Leaf conductance (ms™)

J,m Maximum conductance of a single leaf (m st

gmon Skew coefficient for daily precipitation in the month

gc Fraction of the ground surface covered by plants

h. Canopy height (cm)

he mxPlant’s maximum canopy height (m)

htar Height through which water falls (m)

hwii Water table height (m)

harves  Efficiency of the harvest operation

hr Hour of day (1-24)

i Rainfall intensity (mm/hr)

imx Maximum rainfall intensity (mm/hr)

impeon Fraction of the HRU area that is impervious and hydraulically connected to the
drainage system

impgcon Fraction of the HRU area that is impervious but not hydraulically connected to the
drainage system

impy:  Fraction of the HRU area that is impervious (both connected and disconnected)

irr  Amount of irrigation water added on a given day (m* H,0)

k  Von Karman constant

Koact ~ Bacterial partition coefficient

Kaperc Phosphorus percolation coefficient (10 m*/Mg)
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kasurt  Phosphorus soil partitioning coefficient (m*/Mg)
ki Decay constant for rainfall intensity (hr)
k, Light extinction coefficient

k, , Non-algal portion of the light extinction coefficient (m™)

k,, Linear algal self shading coefficient (m™ (ug-chla/L)™)

k,, Nonlinear algal self shading coefficient (m™ (ug-chla/L) %)

kp,aq Rate constant for degradation or removal of pesticide in the water (1/day)

Kp.foliar Rate constant for degradation or removal of the pesticide on foliage (1/day)

kKpsed  Rate constant for degradation or removal of pesticide in the sediment (1/day)

Kposoit  Rate constant for degradation or removal of the pesticide in soil (1/day)

k. Decay factor (m™ km™)

ks Sediment settling decay constant (1/day)

kk Coefficient in urban wash off equation

m  Exponential term in USLE LS factor calculation

m. Percent clay content

ms Percent sand content

mgii: Percent silt content (0.002-0.05 mm diameter particles)

myss Percent very fine sand content (0.05-0.10 mm diameter particles)

mMinNap  Amount of mineral nitrogen applied (kg N/ha)

MiNNappmx Maximum amount of mineral N allowed to be applied on any one day (kg
N/ha)

MiNNappmyr Maximum amount of mineral N allowed to be applied during a year (kg
N/ha)

mMinPae )y Amount of phosphorus in the active mineral pool (mg/kg or kg P/ha)

MinPs 1y Amount of phosphorus in the stable mineral pool (mg/kg or kg P/ha)

monMonth of the year

MONf4,peg BeGinning month of the flood season

MON#q.end ENding month of the flood season

n  Manning’s roughness coefficient for the subbasin or channel

n; First shape coefficient in plant nitrogen equation

n, Second shape coefficient in plant nitrogen equation

nstrs  Nitrogen stress for a given day

orgCyy Amount of organic carbon in the layer (%)

orgCsurq Organic carbon in surface runoff (kg orgC),

orgNactrert AMount of nitrogen in the active organic pool added to the soil in the fertilizer

(kg N/ha)
orgNactty  Nitrogen in the active organic pool (mg/kg or kg N/ha)
orgNsrshfert AmMount of nitrogen in the fresh organic pool added to the soil in the fertilizer
(kg N/ha)

orgNsrsh surf Nitrogen in the fresh organic pool in the top 20mm (kg N/ha)

orgNnum1y Humic organic nitrogen in the layer (mg/kg or kg N/ha)

orgNsi 1y Nitrogen in the stable organic pool (mg/kg or kg N/ha)

orgNswri-1 Surface runoff organic N stored or lagged from the previous day (kg N/ha)

orgNs; Organic nitrogen concentration in the stream (mg N/L)

491



iz A ZEBIIX

orgNsurs Amount of organic nitrogen transport to the main channel in surface runoff (kg
N/ha)
orgN.,, Amount of surface runoff organic N generated in HRU on a given day (kg

N/ha)

orgPa)y  Amount of phosphorus in the active organic pool (kg P/ha)

orgPsrsh ert Amount of phosphorus in the fresh organic pool added to the soil in the
fertilizer (kg P/ha)

orgPsshty  Phosphorus in the fresh organic pool in layer ly (kg P/ha)

orgPrumfert Amount of phosphorus in the humus organic pool added to the soil in the
fertilizer (kg P/ha)

orgPrum,;y Amount of phosphorus in humic organic pool in the layer (mg/kg or kg P/ha)

orgPsayy  Amount of phosphorus in the stable organic pool (kg P/ha)

orgPs Organic phosphorus concentration in the stream (mg P/L)

p  Total phosphorus concentration (ug P/L)

p: First shape coefficient in plant phosphorus equation

p2 Second shape coefficient in plant phosphorus equation

pai Phosphorus availability index

pest  Actual amount of pesticide applied (kg pst/ha)

pest’ Effective amount of pesticide applied (kg pst/ha)

pestior  Amount of pesticide applied to foliage (kg pst/ha)

pestsut Amount of pesticide applied to the soil surface (kg pst/ha)

plaps Precipitation lapse rate (mm H,O/km)

prf Peak rate adjustment factor

pstosr  Amount of pesticide removed via burial (mg pst)

PStaeg.sed AMount of pesticide removed from the sediment via degradation (mg pst)

PStaeg wir Amount of pesticide removed from the water via degradation (mg pst)

pstgir  Amount of pesticide transferred between the water and sediment by diffusion (mg
pst)

pst: Amount of pesticide on the foliage (kg pst/ha)

pst:wsh Amount of pesticide on foliage that is washed off the plant and onto the soil
surface on a given day (kg pst/ha)

pstaow Amount of pesticide removed in the flow (kg pst/ha)

psti,Pesticide added to the water body via inflow (mg pst)

pst,, Amount of lateral flow soluble pesticide generated in HRU on a given day (kg

pst/ha)
pstiaty Pesticide removed in lateral flow from a layer (kg pst/ha)
PStiatstor i-1 Lateral flow pesticide stored or lagged from the previous day (kg pst/ha)
pstisea Amount of pesticide in the sediment (mg pst)
pstiwer  Amount of pesticide in the water (mg pst)
PStperc,ly Pesticide moved to the underlying layer by percolation (kg pst/ha)
PStrchseds Amount of pesticide in the sediment (mg pst)
pstrcwtr Amount of pesticide in the water (mg pst)
pstrsp.wtr Amount of pesticide removed from sediment via resuspension (mg pst)
psts;y  Amount of pesticide in the soil (kg pst/ha)
pstsea  Amount of sorbed pesticide transported to the main channel in surface runoff (kg
pst/ha)
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pst,, Sorbed pesticide loading generated in HRU on a given day (kg pst/ha)

PStseastori-1 SOrbed pesticide stored or lagged from the previous day (kg pst/ha)
pstsor  Solubility of the pesticide in water (mg/L)

pstsoro Amount of dissolved pesticide removed via outflow (mg pst)

pstsorb. o Amount of particulate pesticide removed via outflow (mg pst)

pstsuwer Amount of pesticide removed from the water due to settling (mg pst)

pstsurs  Pesticide removed in surface runoff (kg pst/ha)

pst,, Amount of surface runoff soluble pesticide generated in HRU on a given day (kg

pst/ha)
PStsurstori-1 Surface runoff soluble pesticide stored or lagged from the previous day (kg
pst/ha)
pstvorwtr Amount of pesticide removed via volatilization (mg pst)
pstrs  Phosphorus stress for a given day

g, Unitsource area flow rate (mm hr)
gen Average channel flow rate (m®s™)
q,, Average channel flow rate (mm hr™)

Qenpk  Peak flow rate (m?/s)

gin Inflow rate (m%s)

Qout Outflow rate (m®/s)

gov Average overland flow rate (m*s™)

Opeak  Peak runoff rate (m*/s or mm/hr)

Opeakf  Peak rate after transmission losses (m%/s)

Opeaki  Peak rate before accounting for transmission losses (m%/s)
Orer Average daily principal spillway release rate (m®/s)

Qretn Minimum average daily outflow for the month (m*/s)
Otk Maximum average daily outflow for the month (m%/s)

Guite Average daily tile flow rate (m%s)

r  Actual earth-sun distance (AU)

ro Mean earth-sun distance, 1 AU

r,  First shape coefficient for radiation-use efficiency curve

r, Second shape coefficient for radiation-use efficiency curve

r.  Diffusion resistance of the air layer (aerodynamic resistance) (s m™)
r. Plant canopy resistance (s m™)

ry Gaseous surface renewal rate (1/day)

ri  Liquid surface renewal rate (1/day)

r,  Minimum effective resistance of a single leaf (s m™)

(I Minimum abaxial stomatal leaf resistance (s m™)
r_.,  Minimum adaxial stomatal leaf resistance (s m™)

ratiowp Channel width to depth ratio

reff Removal efficiency of the sweeping equipment

rexp  Exponent for exponential precipitation distribution
rndi;Random number between 0.0 and 1.0

rnd,Random number between 0.0 and 1.0

rock  Percent rock in soil layer (%)
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rsdiy  Residue in layer ly (kg/ha)

rsds,,t Material in the residue pool for the top 10mm of soil on day i (kg ha™)

sed Sediment yield on a given day (metric tons)

sedsn  Amount of suspended sediment in the reach (metric tons)

sedeeg Amount of sediment reentrained in the reach segment (metric tons)

sedsep  Amount of sediment deposited in the reach segment (metric tons)

sedsowin Amount of sediment added to the water body with inflow (metric tons)

sednowout AMount of sediment transported out of the water body (metric tons)

sedi;r  Sediment loading in lateral and groundwater flow (metric tons)

sedoit  Amount of sediment transported out of the reach (metric tons)

sedss  Amount of sediment removed from the water by settling (metric tons)

sedsior i1 Sediment stored or lagged from the previous day (metric tons)

sedw, Sediment in the water body (metric tons)

sedPsr i-1 Sediment-attached P stored or lagged from the previous day (kg P/ha)

sedPs,r Amount of phosphorus transported with sediment to the main channel in surface
runoff (kg P/ha)

sedP,,; Amount of sediment-attached P loading generated in HRU on a given day (kg

P/ha)

slp Average slope of the subbasin (% or m/m)

slpsn ~ Average channel slope along channel length (m m™)

SN0, Fraction of the HRU area covered by snow

spexp  Exponent in sediment transport equation

starg  Target reservoir volume specified for a given month (m* H,0)

surlag Surface runoff lag coefficient

t  Number of hours before (+) or after (-) solar noon

tinag  Aqueous half-life for the pesticide (days)

tips  Half-life of the pesticide on foliage (days)

tips  Half-life of the pesticide in the soil (days)

tinsed  Sediment half-life for the pesticide (days)

thar  Length of time needed for solid build up to increase from 0 kg/curb km to %
SEDnx (days)

ten Time of concentration for channel flow (hr)

tconc TiMe of concentration for a subbasin (hr)

tsorm  Dormancy threshold (hrs)

tarain TiMe required to drain the soil to field capacity (hrs)

ti  Solar time at the midpoint of the hour i

tov Time of concentration for overland flow (hr)

tile,g  Drain tile lag time (hrs).

tile,try Amount of water removed from the layer on a given day by tile drainage (mm
H,0)

tlaps  Temperature lapse rate (°C/km)

tloss  Channel transmission losses (m* H,0)

trapes  Fraction of the constituent loading trapped by the filter strip

trapespact Fraction of the bacteria loading trapped by the filter strip

tstrs  Temperature stress for a given day expressed as a fraction of optimal plant growth

U, Wind speed at height z, (m s™)

494



M A ZEIX

Uz Wind speed (m s™) at height z;

Uz Wind speed (m s™) at height z,

urbeert Wash off coefficient (mm™)

Vp Pesticide burial velocity (m/day)

Ve Average channel velocity (m s™)

Vehpk  Peak channel velocity (m/s)

Vg Pesticide rate of diffusion or mixing velocity (m/day)

Viae Velocity of flow at the hillslope outlet (mm-h™)

Vov Overland flow velocity (m s™)

Vr Pesticide resuspension velocity (m/day)

Vs Pesticide settling velocity (m/day)

Vet Surface runoff flow rate (m%/s)

vy, Pesticide volatilization mass-transfer coefficient (m/day)

VOlgsurts  Volume of runoff after transmission losses (m?)

VOlgsurti  Volume of runoff prior to transmission losses (m®)

voly  Threshold volume for a channel of length L and width W (m®)

vpd Vapor pressure deficit (kPa)

vpdy  Vapor pressure deficit corresponding to  frgmx (kPa)

vpdinr Threshold vapor pressure deficit above which a plant will exhibit reduced leaf
conductance or reduced radiation-use efficiency (kPa)

wy  Shape coefficient in retention parameter adjustments for soil moisture content

w, Shape coefficient in retention parameter adjustments for soil moisture content

Wacwalup 1 0tal plant water uptake for the day (mm H,0)

Wactualuply Actual water uptake for layer ly (mm H;O)

Werk btm Amount of water flow past the lower boundary of the soil profile due to bypass
flow (mm H,0)

Waeep Amount of water percolating from the shallow aquifer into the deep aquifer (mm
H.0)

Waeep,mx  Maximum amount of water moving into the deep aquifer on day i (mm H,0)

Wgemand VWater uptake demand not met by overlying soil layers (mm H,0)

Wine  Amount of water entering the soil profile on a given day (mm H,0)

Wmobile  Amount of mobile water in the layer (mm H,0)

Wpercly Amount of water percolating to the underlying soil layer on a given day (mm
H.0)

Woumpdp  Amount of water removed from the deep aquifer by pumping (mm H,0)

Wpumpsh  Amount of water removed from the shallow aquifer by pumping (mm H,0)

Wrehrg  Amount of water entering the aquifer via recharge (mm H,0)

Wrevap  Amount of water moving into the soil zone in response to water deficiencies (mm
H.0)

Wrevapmx Maximum amount of water moving into the soil zone in response to water
deficiencies on day i (mm H;0)

Wseep  TOtal amount of water exiting the bottom of the soil profile (mm H,0)

Wypty Potential water uptake for layer ly (mm H,0)

w,,,, Adjusted potential water uptake for layer ly (mm H,0O)

w;,,, Potential water uptake when the soil water content is less than 25% of plant

available water (mm H,0)
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Wy, Potential water uptake from the soil surface to a specified depth, z, on a given day

(mm H,0)

Wy Potential water uptake for the profile to the lower boundary of the soil layer (mm
H.0)

Wypu Potential water uptake for the profile to the upper boundary of the soil layer (mm
H.0)

widthsistrip Width of filter strip (m)

wstrs  Water stress for a given day expressed as a fraction of total water demand

yld Crop yield (kg/ha)

yldae  Actual yield (kg ha™)

yldessn  Nitrogen yield estimate (kg N/ha)

yldestnprev  Nitrogen yield estimate from the previous year (kg N/ha)

yldyAmount of nitrogen removed in the yield (kg N/ha)

ylde Amount of phosphorus removed in the yield (kg P/ha)

yldyrn  Nitrogen yield target for the current year (kg N/ha)

yrsim  Year of simulation (1 - yrio)

Yriot Total number of calendar years simulated

yrs  Number of years of rainfall data used to obtain values for monthly extreme
half-hour rainfalls

z  Depth below soil surface (mm)

z; Height of wind speed measurement (cm)

Z, Height of wind speed measurement (cm)

Zcn Inverse of the channel side slope

Zsg Inverse of the flood plain side slope

zg Thickness of the gas film (m)

zy  Thickness of the liquid film (m)

2,y Depth from the surface to the bottom of the soil layer (mm)

Zmigty ~ Depth from the soil surface to the middle of the layer (mm)

Zom Roughness length for momentum transfer (cm)

Zoy Roughness length for vapor transfer (cm)

z, Height of the humidity (psychrometer) and temperature measurements (cm)

Zroot  Depth of root development in the soil (mm)

Zrootmx  Maximum depth for root development in the soil (mm)

Zot Depth to bottom of soil profile (mm)

zy Height of the wind speed measurement (cm)

zd Ratio of depth in soil to damping depth

o Short-wave reflectance or albedo

o Ratio of chlorophyll a to algal biomass (pg chla/mg alg)

o5 Maximum half-hour rainfall expressed as a fraction of daily rainfall

aos.  Smallest half-hour rainfall fraction that can be generated on a given day
oosmon  Average maximum half-hour rainfall fraction for the month

opsu  Largest half-hour rainfall fraction that can be generated on a given day
on  Fraction of algal biomass that is nitrogen (mg N/mg alg biomass),

o, Fraction of algal biomass that is phosphorus (mg P/mg alg biomass)

o Rate of oxygen production per unit of algal photosynthesis (mg O,/mg alg)
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oy Rate of oxygen uptake per unit of algae respired (mg O,/mg alg)

as Rate of oxygen uptake per unit NH4" oxidation (mg O,/mg N)

o Rate of oxygen uptake per unit NO, oxidation (mg O,/mg N)

aink Bank flow recession constant or constant of proportionality

ogw  Baseflow recession constant

anin Slope of the hillslope segment (degrees)

oper Coefficient in Priestley-Taylor equation

opane Plant albedo (set at 0.23)

sl SOIl albedo

oie Fraction of daily rainfall that occurs during the time of concentration

Po Coefficient for USGS regression equations for urban loadings

P Coefficient for USGS regression equations for urban loadings

[ Coefficient for USGS regression equations for urban loadings

[ Coefficient for USGS regression equations for urban loadings

pa Coefficient for USGS regression equations for urban loadings

Paeep  Aquifer percolation coefficient

Seqp Slow equilibration rate constant (0.0006 d™)

[min Rate coefficient for mineralization of the humus active organic nutrients

[ Nitrogen uptake distribution parameter

Bui  Rate constant for biological oxidation of ammonia nitrogen (day™ or hr)

Buizo Rate constant for biological oxidation of ammonia nitrogen at 20°C (day™ or hr)

Bv2  Rate constant for biological oxidation of nitrite to nitrate (day™ or hr™)

Buz20 Rate constant for biological oxidation of nitrite to nitrate at 20°C (day™ or hr'')

Bus  Rate constant for hydrolysis of organic nitrogen to ammonia nitrogen (day™ or hr)

PN3.20 LoEaI rate constant for hydrolysis of organic nitrogen to NH4" at 20°C (day™ or
hr=)

Buvos  Nitrate percolation coefficient

o Phosphorus uptake distribution parameter

Sr.4 Rate constant for mineralization of organic phosphorus (day™ or hr)

Braz  Local rate constant for organic phosphorus mineralization at 20°C (day™ or hr™)

Post  Pesticide percolation coefficient

Bev  Revap coefficient

Prsa Rate coefficient for mineralization of the residue fresh organic nutrients

Ssa Coefficient for impoundment surface area equation

SBms  Rate constant for nitrogen transfer between active and stable organic pools (1x107)

P Water-use distribution parameter

xi(j) 3 x 1 matrix for day i whose elements are residuals of maximum temperature (j =
1), minimum temperature (j = 2) and solar radiation (j = 3),

A Slope of the saturation vapor pressure curve (kPa °C™)

Aalgae Change in algal biomass concentration (mg alg/L)

Abio  Potential increase in total plant biomass on a given day (kg/ha)

Abiog:  Actual increase in total plant biomass on a given day (kg/ha)
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Ag, . Rate of decline in leaf conductance per unit increase in vapor pressure deficit (m
st kPa™t)

ALAl;  Leaf area added on day i (potential)

ALAl,i Actual leaf area added on day i

ANH4, Change in ammonium concentration (mg N/L)

ANO2 Change in nitrite concentration (mg N/L)

AorgNs; Change in organic nitrogen concentration (mg N/L)

AorgPs: Change in organic phosphorus concentration (mg P/L)

AOxsr  Change in dissolved oxygen concentration (mg Oy/L)

Apstiwr Change in pesticide mass in the water layer (mg pst)

Apstises Change in pesticide mass in the sediment layer (mg pst)

Apstrchwtr Change in pesticide mass in the water layer (mg pst)

Apstrcnsed Change in pesticide mass in the sediment layer (mg pst)

Arsd  Biomass added to the residue pool on a given day (kg ha™)

Arueqy Rate of decline in radiation-use efficiency per unit increase in vapor pressure
deficit (kg/ha-(MJ/m?)™*.kPa™* or (10™ g/MJ)-kPa™)

AsolPg, Change in solution phosphorus concentration (mg P/L)

At Length of the time step (s)

0 Solar declination (radians)

oy Delay time or drainage time for aquifer recharge (days)

owryy  Residue decay rate constant

£ Emissivity

g’ Net emittance

& Atmospheric emittance

gc:n Residue C:N ratio in the soil layer

gc-p Residue C:P ratio in the soil layer

gc:sed  Carbon enrichment ratio

& 3 x 1 matrix of independent random components

ensed  Nitrogen enrichment ratio

&psed  Phosphorus enrichment ratio

gpstsed  Pesticide enrichment ratio

€sr Radiation term for bare soil surface temperature calculation

&s Vegetative or soil emittance

¢ Latitude in radians

¢4 Drainable porosity of the soil (mm/mm)

Prc Porosity of the soil layer filled with water when the layer is at field capacity water
content (mm/mm)

dsoit Porosity of the soil (mm/mm)

¥ Psychrometric constant (kPa °C™)

sty Nutrient cycling residue composition factor for layer ly

seg Plant growth factor (0.0-1.0)

yw)y  Nutrient cycling water factor for layer ly

snmpty  Nutrient cycling temperature factor for layer ly
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»%w Water deficiency factor

n  Evaporation coefficient (0.6)

nmidzty  Volatilization depth factor

mityy  Nitrification regulator

nswyy  Nitrification soil water factor

nmpy  Nitrification/volatilization temperature factor

oty Volatilization regulator

¢ Scaling factor for impact of soil water on damping depth

¢n Scaling factor for nitrogen stress equation

®p Scaling factor for phosphorus stress equation

k1 CBOD deoxygenation rate (day™ or hr')

k1.2,0CBOD deoxygenation rate at 20°C (day™ or hr)

x> Reaeration rate for Fickian diffusion (day™ or hr')

K> 20Reaeration rate at 20°C (day™ or hr)

k3 Settling loss rate of CBOD (day™ or hr™)

K3.205ettling loss rate of CBOD at 20°C (day™ or hr)

ks Sediment oxygen demand rate (mg Oz/(m*day))

K4 205ediment oxygen demand rate at 20°C (mg O,/(m?-day) or mg O./(m*hr))
A Latent heat of vaporization (MJ kg™)

14 Lag coefficient that controls influence of previous day’s temperature on current
day’s temperature

First shape coefficient for optimal leaf area development curve

Second shape coefficient for optimal leaf area development curve
Lag factor for crack development during drying
o  Snow temperature lag factor

u Specific yield of the shallow aquifer (m/m)

wom  Mean wind speed for the day at height of 10 meters (m s™)

1 Local specific growth rate of algae (day™)

waz0Local specific algal growth rate at 20°C (day™ or hr™)

LimaxMaximum specific algal growth rate (day™ or hr™)

LmonMean daily rainfall (mm H;O) for the month

udewmon Average dew point temperature for the month (°C)

1Dmxmon Average daily maximum temperature of the month on dry days (°C)
uDradmen  Average daily solar radiation of the month on dry days (MJ m™)
HMNnmon Average daily minimum temperature for the month (°C)

HMXmon  Average daily maximum temperature for the month (°C)

uradmon Average daily solar radiation for the month (MJ m)

Mtmpmon Mean air temperature for the month (°C)

L Wind speed (m/s)

HWmxmonAverage daily maximum temperature of the month on wet days (°C)
1wndmon Average wind speed for the month (m s™)

1Wradmen Average daily solar radiation of the month on wet days (MJ m™)
v Apparent settling velocity (m/day)

1

crk

0
62
0
0
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6 Fraction of water volume that excludes anions

& Volumetric moisture content (mm/mm)

0, Zenith angle (radians)

oo(j,k) Correlation coefficient between variables j and k on the same day where j and k
may be set to 1 (maximum temperature), 2 (minimum temperature) or 3 (solar
radiation)

m(j,k) Correlation coefficient between variable j and k with variable k lagged one day
with respect to variable j

pa Local respiration rate of algae (day™)

pazolocal algal respiration rate at 20°C (day™ or hr)

pair Air density (kg m™)

M Soil bulk density (Mg m™)

ps  Particle density (Mg m™)

pw Density of water (1 Mg m™)

o Stefan-Boltzmann constant (4.903 x 10° M m? K™ d™)

o1 Local settling rate for algae (m/day)

o120  Local algal settling rate at 20°C (m/day or m/hr)

lop) Benthos (sediment) source rate for soluble P (mg P/m?-day or mg P/m>-hr)

02,20 Benghos (sediment) source rate for soluble phosphorus at 20°C (mg P/m*-day or mg
P/m*-hr)

o3 Benthos (sediment) source rate for ammonium (mg N/m>-day or mg N/m>-hr)

o320 Benthos (sediment) source rate for ammonium nitrogen at 20°C (mg N/m3-day or
mg N/m?-hr)

oy Rate coefficient of organic nitrogen settling (day™ or hr')

04,20 Local settling rate for organic nitrogen at 20°C (day™ or hr)

o5 Rate coefficient for organic phosphorus settling (day™ or hr?)

os20  Local settling rate for organic phosphorus at 20°C (day™ or hr™)

omon  Standard deviation of daily rainfall (mm H,O) for the month

oMNmen Standard deviation for daily minimum temperature during the month (°C)

oMXmen  Standard deviation for daily maximum temperature during the month (°C)

oradmen Standard deviation for daily solar radiation during the month (MJ m™)

@ Angular velocity of the earth's rotation (0.2618 radians h™)

ompAngular frequency in soil temperature variation

Yy Wetting front matric potential (mm)
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