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n 1 .Background
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. 1. Non-point source pollution

Non-point source pollution from

@ agricultural area have a significant
impact on water quality.

0/0 Main source:
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2. The development of BMPs

Best management practices
(BMPs) are defined as the
state-of-the-art management
practices that help prevent or
reduce NPS pollution to a
level compatible with water
guality goals.

v'Structural BMPs
v'Non-structural BMPs
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. 3. Models for assessing BMPs

Overland Sediment

Maodels Temporal Resolution  Spatial Representation  Overland Flow Routing Routing Channel Processes Developer
Sub-basins or further ~ SCS-CN method for Channel degradation and
. e . e MUSLE represented by . .
Continuous; Daily or  hydrologic response infiltration and peak flow sediment deposition process
SWAT o . . . e . runoff volume, peak flow : . o USDA
sub-daily time steps. units defined by soil and rate by modified Rational including channel-specific
rate, and USLE factors.
land use/land cover. formula. factors.
SIGS-CIN IR 1107 eLijnSdLsEo]IciorrrwzgllrgEisr%n
AGNps  Storm-event; One storm Cells of equal size with _infiltration, and flow peak . eolicwithn,  Included in overland cells.  USDA
duration as a time step. channels included. using a similar method with
USLE factors to be
SWAT. .
concerned with.
. . . SCS-CN method for RUSLE to generate soil Che}nnel degrad_apon a_nd
Continuous; daily or ~ Cells with homogeneous . ... . . . sediment deposition with
ANNAGNPS o - infiltration and TR-55 erosion daily or user- e . USDA
sub-daily time steps.  soil and land use. ; Modified Einstein equation
method for peak flow. defined runoff event. :
and Bagnold equation.
. . . Rainfall splash and wash
. L Pervious and impervious .
Continuous; variable i N . off of detached sediment . .
HSPE constant steps (from 1 land areas, stream; I_3h|_I|p S equation for calculated by an Nor_1—cohe5|ve and cohesive USGS and
hydrologic response infiltration. sediment transport. USEPA

min up to 1 day).

units.

experimental non-liner
equation.

Hui Xie, Lei Chen * and Zhenyao Shen. Assessment of Agricultural Best Management Practices Using Models:
Current Issues and Future Perspectives, Water 2015, 7, 1088-1108.
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. 3. Models for assessing BMPs

Representation of BMPs

The types of agricultural BMPs that can be assessed by different
watershed models:

N

AnnAGNPS

' & (_g\'"“ vl ‘- kS GSS: Grade stabilization structure;
{° SCS: Stream channel stabilization
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. 4. Watershed description
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Miyun Watershed is the water source protection area of Miyun
Reservoir, which is one of the biggest reservoirs in North China,
supplying Beijing residents with potable water.
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n . SWAT model descrlptlon

PART TWO

W e



. 1. SWAT description

»The Soil and Water Assessment Tool (SWAT) was used to
simulate the flow and nutrient loads in the watershed scale.
»The SWAT-CUP program was used to calibrate and verify the
model parameters.

Spatial Database LA Other Database Observation
Database Data

s Attribute table *  Weather data « Hourly
« DEM of land use * Social weather data
s Land use s Soil properties economical s Water quality
maps e hydrological data During rainfall
e Soil type map and water * Management process
guality data data s key parameter
| | | |
¥
Parameter Icalll:llrﬂtiun and SWAT-CUP
verification
Distribution of nitrogen
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. 1. SWAT description: hydrology

The land phase of the hydrologic cycle is based on the

water balance equation:

t
S\Nt = SVVO + Z(Rday o qurf o Ea - Wseep - ng)
i=1

Runoff volume Peak runoff rate

SCS curve number procedure :

(Rday - Ia)2
(R =1, +S)

qurf =

day

CN=80

T 7 CNst0

25 1

Raintall fmm)

25400

§ =" o5y
CN
Modified rational method :
C-i-Area _
qpeak = 36 C= qurf /Rday

Steady-state response of base flow to

rescharge :
Base dlow is allowed to enter the reach only if the
amount of water stores in the shallow aquifer

exceeds a threshold value specified by the user,
acIshthr,q

8000 K,
ng = Tt ) hWtbl
aw
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. 1. SWAT description: nutrients

Nitrate: The concentration of nitrate in the mobile water fraction is calculated:

MOy, - {1_ eXp{ -0 )m.0 bs",eo\T }}
° Y VVmobile = qurf + Qlat,ly + Wperc,ly
W

ConCNO3ﬁmmm =
mobile

Organic N: The amount of organic N transported with sediment to the stream is

calculated with a loading function:

sed
=0.001-conCyy - —— Enised
area,,

Solution phosphorus: the amount transported in surface runoff is:

orgN

surf

I:)solution,surf ) qurf

o, -depth,, -k

P =

surf

d,surf

surf

----- Organic & mineral P

transported with sediment

to the stream is calculated:

sed
=0.001-conCyp - ——— Ep.geq
area,,

sedP.

surf
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n ‘ BMP tool description
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. 1. Representation of BMPs

Subbasins,

HRUs, and
reaches

Long-term Key

. ¢ Specific
Impacts o parameters
BMPs

module

(

—

~
The common principle of BMPs representation is to
depict the change in watershed processes and the
response of water quality under or without BMPs.

_/

By changing model inputs or parameter values
according to conservation practices modelling guide .

(

load change of sediment, total phosphorus (TP) and
Jotal nitrogen (TN).

—
Outputs from a particular BMP scenario were annual
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. 2. BMP modelling

Contouring .OPS
Land management %ﬁiﬁé‘j@a B Seauctural BMPs

Residue management .OPS
illage management

SWAT model
introduice a land use
change

asiout these
ineasures to be

*Management
modified by

Operations
file for each HRU

Bt mEnn

allows ::ianually’
adjusting fractional
coverage of land use
types in each HRUs.

amount, timing and
neriod of agricultural
activities.

Converting cropland to for forest ~ 20% and 30% fertilizer Grassed way, filter strip,
over 15° slope and 25° slope reduction sediment basin, etc.
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n ‘ Results and discussion
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. 1. Parameter sensitivity

Variable Parameter Description Lower limit ~ Upper limit ~ Conversion Rank
Variable eRrdRMRY Threshold water level in thesgiabiewn aquifer for the base flow | owdt limit ~ Upp@0Amit  Convérsion Rdnk

S8 BD Depth from soilguitacrilk thadiegtom of the layer 00 215 v 2

RI(:;VW N Thréktaildedbydhaf ivatenduictiv Biralianesio wifandiok dHwaptmto -0001 §88 v §

occur (mm

SLESEBSN Soil eva o%ﬁ%mﬂgﬁs coefﬁment 0 130 v 3

ALPRNZBNK slee mO'S%'éEe‘chSW é'fﬁHfMFfB‘ﬂ’BQﬁkE‘?Br%ﬂé"ous areas B2 b f 8

HHOLY SEkK Ses }é'iﬁﬁ%d diioe PRy tvRGaF 12 BEpliaNen arens 03 6:8 f 8

GYpRMN respolg, MSF” it 40 %é*ié flR}éVb%%Fﬁf {h‘i‘f ge flow 0 5400 ¥ 9

Fraction o transmlsswn osses from main channel that enter

FLOW TENRRSH Maximyjga capopie storage ® 160 v 8

SQ@ipAWC Avaifable WakCaBAGIBASIHBR Tattdaver % } v 8

Saturated h raullc conduct|V|tS¥ of the first layer -08 é) % 8 ]é)

Effective Aj\)/d |c co UCtIVI }/p |n ch?nnel alluvium -0.01 v
S C g %1 ca ac t f} v ig
_EPCO ar]fu Xsa acto 1 Vv

OVV ULLAT . . TUUTNuUvwalcl Ut U JUU \' 11

%%I\:/ZSP?\JTNP Tﬁ?é@ﬁbl&%%&ﬁ%f‘%ﬁ ﬁ?ﬂ?&@ﬁ&fy 6% %hﬂ#@?‘i%r‘*“ﬂe!ﬁébﬁf to % égg v 112

BC4 Rate constant for decay efquigamigphosphorus to dissolved 0.01 0.7 x 2

. RCHRG DP Deep JRfIRFRNOEHSAIBIERY ¥raction 0 i v 13

SOIPOLP Initial labile RoAsBROrECoMGtRRAGBRTiItiRITace soil layer 0.61 £00 v 3

ERQRGP Michaelis-Mentgstdifespterrtidimennsiais for phosphorus 0.G9p1 0.85 Y; 4

" PPBER,CO Rate constarthripieias peigejatierpeesiiciant to dissolved ulei 1U775 v g

phosphorus (1/d 'i :

50%5‘03 ﬁ&él%ﬁ“&%@%ri %‘ﬁ%&%r{r{&}/ el RYELis b1 o v 3

e dBHi ' HRAPARHNOIESRIRYE/day) 0% 190 ¥ 2

™ soecios e onsaIioRY rc%'ﬁé's PLOREMGAIIBIRRAT™NE o0 00 Vo1

ERQ&GN Rate coefficienOfgan'rngNdmhng ratithe reach at 20°C 0.80 1 051 v 3

TN SOL_ORGN Initial humic organlgmf%]gen in the soil layer 0 100 \Y 3

I:\;U Ral.l;‘ UI UAYYCTI upl.o.r\-:: NET Ut I‘lUL I\l U)\IUG.I.IUII 1 J. J.‘+ ‘V’ S

CH_N2 Michaelis-Menton half-saturation constant for nitrogen 0.01 0.3 \% 4

NPERCO Nitrogen percolation coefficient 0 1 \Y 3
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. 2. Parameter calibration and validation
Coemm ] | =
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. 2. Parameter calibration and validation

150 Ob d . *| = Ob d
o LSir‘:l?I:teed %7 ' |
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. 3. Spatial distribution of pollution

0510 20 30 40 0510 20 30 40
0610 20 30 40 0610 20 30 40
CC—— K loncters S —w— K lonctors Kilometers S —w— K lonctors
Legend Legend Legend Legend
FLOW (um) I 361. 431 — 389, 248 NSURQ (ke/ha) B 11379 - 12,018 ORGN (kg/ha) B 222 - 248 TN (kgg/ ha) I 11,260 - 12,255
197.677 - 226. 528 [ 389. 349 - 449. 388 4.914 B 12019 - 14,526 L7 - o2z [ . 248 - 312 . 155 B 2. 256 - 16. 503
[7226. 529 - 266. 266 I 449. 389 - 470. 100 [ 14.915 - 7.944 [ 14.527 - 18.753 0123 - .40 . 213 - . 433 [ 5.156 - 8.155 [ 16.504 - 21.093
0 255. 267 - 282. 081 [ 470. 101 - 583. 696 0 7,945 - 9,878 [ 18.754 - 21. 153 00142 - 174 I . 434 - 7.050 P & 156 - 10,000 [ 21094 - 28,203
[ 282082 - 381. 430 O 9.879 - 11.378 .17 - L2 O 10, 100 - 11,250
N N N N

0510 20 30 40 0510 20 30 40
0510 20 30 40 0510 20 30 40
—— K lometers S — K loncters Kilometers S — K loncters
Legend Legend Legend Legend
ORGP (kg/ha) I 1. 40211 - 1.48319 SOLP (kg/ha) I . 00849 - . 01086 SEDP (kgg/ha) I 1. 486 - 1.620 TP (kgg/ha) I 2. 878 - 3.420
. 61795 I 1. 48320 - 2.01233 . 00400 - . 00420 [ . 01087 - . 01429 . TRE I 1621 - 1760 1,666 - 1.967 [ 3. 421 - 4.071
61796 - 97876 M 2. 01234 - 2. 56990 [ 00430 - . 00545 [ . 01430 - . 08962 [ .787 - 1.039 M 1.761 - 1.924 [ 1968 - 2. 206 M 4. 072 - 4.963
097877 - 1.23357 M 2. 56991 - 6. 17657 [0 . 00540 ~ 00667 I . 0R963 — 1. 34086 P 040 — 12365 M 1. 925 - 2,388 2207 - 2,774 I 4. 964 - 9.219

I 1. 23358 - 1.40210 B . 0066R — . DOHAR [ 1. 384 - 1,485 B 2. 775 - 2.877




. 3. Spatial distribution of pollution

i&

2\

0510 20 30 40 0510 20 30 40 0510 20 30 40 0510 20 30 40
e — e Kilometers s Ki lometers e — e Kilometers e Ki lometors

lLegend Legend lLegend Legend
FLOW (mm) B 354. 720 - 480,935 NSURG (kg/ha) B 39. 171 - 40. 346 ORGN (kg/ha) B 2. 0638 - 3, 8245 TN (kgg/has) B 42. 418 - 43,934

176. 523 - 196. 431 [ 480. 936 - 564. 470 . (48 B 0. 347 - 41,048 L6676 - 8721 [ 5. 8246 - 4. 4456 3.HT3 B 43935 - 44, 498

196, 432 - 232, 764 [ 564. 471 - 708. 968 . 049 - 28,859 -~ 43,394 8722 - 1.5920 [ 4. 4457 - 4.8174 3.874 - 36.055 [ 44. 499 - 45.683
[ 232,765 — 264,924 [ T08.969 — 852, 680 [ 28.860 - 35,577 I 43. 395 - 46. 142 [0 15921 - 1.8581 [ 4. 8175 - 5.3371 [0 36. 056 ~ 40. 306 M 45. 684 - 47. 348
N 264.925 - 354.719 I 35.578 - 39. 170 I 1. 8582 - 3. 0637 B 40. 307 - 42,417

0510 20 30 40 0510 20 30 40 0510 20 30 40 0510 20 30 40
e — e Kilometers e e K i lometors e — e Kilometers e Ki lometors
lLegend Legend lLegend Legend
ORGP (kg/ha) B 3. 206 - 3,489 SOLP (kg/hu) I . 00393 - . 00399 SEDP (kg/ha) B 4. 814 - 4,961 TP (kg/ha) I 7. 872 - 8.334
1. 153 | L00238 - . 00245 [ . 00400 - . 00535 . 009 B & 962 - 5.055 1. 185 B 5. 335 — B.709
1154 - 2,533 M 3.5 L 00246 - . 00315 [ . 00536 - . 00641 L010 - 3,550 (M 5.056 - 5.348 1.186 - 7. 106 M 8. 710 - 8. 896
0 2534 - 2,030 [ 0. 745 [ . 00316 - . 00337 [ . 00642 - . 02341 [0 3. 560 - 4.389 [ 5.349 - 5.706 [0 7. 107 - 7. 625 [ 8. 897 - 9.231

I 2,940 - 3,205 I . 00338 - . 00392 I 4.390 - 4.813 I 7.626 - 7.871




. 4. The loads from different land uses

[ JTN

° ' FF\’IST l PAIST @| UIIIZ)U l URIMD ' URIML
Land use

AGRL, Agricultural Land-Generic

FRST, Forest-Mixed

PAST, Pasture

SWRN, Southwestern US (Arid) Range or vacant land

UIDU, Industrial

URMD, Residential-Medium Density

URML, Residential-Med/Low Density

0.8

| d

FRST PAST uiDU URMD  URML

Land use
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. 5. The loads from different soil types

8 1.6
™ -
6 1.2 4
T T
ia’ 4 i‘” 0.8 -
z _— o
= [
2 0.4 -
0 | — T T 7 =1 T L L L L 0.0 -
ARc @ FLc (\GRh KSI LV LvVh LVk RGc RGe ARc CMc CMe FLc GRh KSI LVg LVh LVk RGc RGe
Soil type Soil type
Arc, Calcaric Arenosols LVg, Gleyic Luvisols
CMc, Calcaric Cambisols LVh, Haplic Luvisols
CMe, Eutric Cambisols LVk, Calcic Luvisols
FLc, Calcaric Fluvisols RGe, Eutric Regosols
GRh, Haplic Greyzems RGc, Calcaric Regosols

KSI, Luvic Kastanozems
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. 4. Temporal distribution of pollution

600 - 400
y=1.742x - 467.6
R2 =0.932
600
‘E 400 =
£ £
160 0 .
n
y = 0.692x + 4.202 100
120 R2=0.778
E £ \ /{‘x o TP 1200 =
€ 0 2 64 =
£ w 2 /AR £
/ \
S 5 4 + 300 ¢
(N E g Ifl.l' "‘. o
40 T // - \\
2 - 400
/ Py o ..\_ \
T / . . e \‘x.
0 - — " . =y —a
0 | ' | ' | ' T ' T T v T ' T — 500
0 30 60 20 120 150 0 5 10
PREC (mm) MONTH

FLOW-PREC: R*=0.778
TN-PREC: R? = 0.396
TP-PREC: R*> = 0.465
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. 5. BMP efficiencies

80
B Reduction rate of TN in Bai River o
/0 Efficiency of structural
60 m Reduction rate of TN in Chao River BMPs were better than
50 non- structural BMPs.
40 Lower efficiencies in Bai
30 River.
20 .
The efficiency of each
10 BMP varied in the
0 - different sub-basins.
S
Aé'»
Q\o
& &

CCF: Converting cropland to forest
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. 5. BMP efficiencies

% Reducti £ TP in Bai Ri

90

The high content of

nitrogen in the
m Reduction rate of TP in Chao River fertilizer resulted in

70

the non-structural
BMPs have better
effects on nitrogen
than on phosphorus.

Structural BMPs have
similar effect on
nitrogen and
phosphorus, even
have better efficiency
for P.

CCF: Converting cropland to forest
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. Conclusions and Outlook

1
- The SWAT model has good applicability for NPS pollution
simulation in this area. The NPS pollution exhibited apparent tempo-
spatial heterogeneity. The pollutant loads were positively correlated with
the annual rainfall amounts and with agricultural activities.

— The efficiency of each BMP varied in the different sub-basins. The
structural BMPs such as filter strip, grassed waterways and constructed
wetland was better than that of non-structural BMPs such as converting
cropland to for forest, soil testing and fertilizer recommendation and
conservation tillage.

Further research is required to analyze the influence factors on
BMP efficiency and to select a preferred set of BMPs that would result in
the greatest reduction in pollutant loads for the least cost to achieve the
water environmental control targets.
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