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0 Introduction

SWAT is increasingly used in the tropics...

Latin-America, e.gv g —
Plesca et al. (2012) NL
Deus et al. (2013)

Strauch et al. (2012, 2013)

Africa, e:g:i"

{ | Bossa et al. (2012) .

Asia, eg'*-« : M
Phomcha etal. (2011) -

: : . Easton et al. (2010
Tropical climate after KOppen ( ) Raneesh and Santosh (2011)
B ~ Schuol et al. (2008) ,

- Thampi et al. (2010)

Aw

Other climates

...but it was developed for temperate regions!
...critical evaluation of processes is often missing!
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9 Methods
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I Il
pattern! = 10 {20 o \DF
O i
[ (@]
S a

Santa Maria / Torto Watershed

Land use / vegetation cover

Afforestation
I Bare soils (AGRL)
I Campo (CAMP)
B Cerrado (CERR)
Cropland (AGRR)

Stream gauge
Y Rain gauge (R)

B Gallery Forest (MATA) 755 ¥ Climate station Brasilia

" Residential - Low Density (URLD) [ ] SWAT subbasin

Bl Residential - Medium Density (URMD) _

B \\ater (WATR B Kilometers
ater ( ) * 0 25 5 10




9 Methods Plant growth & water balance in SWAT
t
Water balance:  SW, =SW,+ > (R—Q—-ET-P—-QR) (1)
i=1
Calculating PET using Penman-Monteith: Influence of LAI:

A.(Hnet _G)+pair 'Cp [e;) _ez]/ra (2) g I"g/(OSLAI) (3)
A+y-(1+r/r)

AE =

3

E,

S

g

?5 ... assuming each parameter in (2) and (3)
= except LAl is constant with a value of 1

0 1 2 3 4 5 6
Leaf Area Index [m?/m?]




9 Methods LAl calculation (default)

4 —
3 -
<
-
2 -
~_ -
Plants ed ancy ~-
trig y da th LAPdecline linear
— T~ ap chingzero
...not true Tor the tropics! | = - ~
...not true in general!

0 0.25 0.5 0.75 1

Fraction of potential heat units to reach maturity




9 Methods LA/ calculation (modified)

4 — A S~o
\\\
3 — \\\
_ Logistic LAl decline N
\
3 , approaching LAl \
__--<— Plants start new growing cycle depending A
1 — on simulated soil moisture
; | \ \
0 0.25 0.5 0.75 1

Fraction of potential heat units




g Methods

Adaptation I: For each HRU and day in current year of simulation:

Transition between | LAT 3| < 20°, and

‘growing seasons’ ason = 0, and
3 new model  f[rpamo J< MoN, dTRAMO,

parameter! ;. - Ne

SWypperz 2 AWCypper2 I FR;L\\:'W::IJ * | LATgyg| < 20°, and
. False _ g
! lseason = 0, @n
: MON, > TRAMO,?
frrgeey b=
E True _.--=="" ]False
FRppy =0, Default plant
LAl = LAl growth
lseason = 1,
-c-*

End of year: lggpsoy = 0
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9 Methods LAl declines when FRpyy i > FRya10pt (DLAI)

4.0
. — Default
Adaptation II: 35F |- Logistic (LAlyp = 0)
Logistic LA 3.0 koo L Logistic (LAl = 0.75) |
decline and T 25t |
minimum LAl S
E 20+
T 15}
1.0 | upeesr
0.5} ‘
0.0 S S S S LS S
~ &N O T OV O N~ 0O O
o o o o o o o o o
o) FRpHY
: _ _ . \1-FRpHuy,i
Default (linear): LAI; = LAlypt )
. . LAIopr—LAI
Modified (logistic): LAI;= OPT_— MIN + LALyn

(1_FRPHU,i)
1+eXp<( (=DLAD —0.5)-—12)




9 Methods Reference data for plant phenology

MODIS LAI and ET estimations (collection 5 data)
o 1kmx1km, 8 day intervals

o since year 2000

Land cover class considered for deriving MODIS data:

- MODIS LAl for January 1, 2003 SMTW B cerrado
I B vata
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Reference data for plant phenology

9 Methods

LAl MOD15A2
Myneni et al. (2002)
https://lpdaac.usgs.gov/

ET MOD16A2
Mu et al. (2011)
http://www.ntsg.umt.edu/

Example Cerrado (savanna):

BISE: ‘Best Index Slope Extraction’ (Viovy et al. 1992) using R-package ‘phenex’
(Lange and Doktor, 2013)
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Conclusions

L)

* Tropical vegetation dynamics can hardly be represented in SWAT (default
model)

L)

(e.g. no dormancy in the tropics)

L)

* Tropical vegetation dynamics can be reasonably represented in SWAT
when triggered by soil moisture at the end of the dry season

L)

(soil moisture approach is simple, but process-based)

** Remote sensing data (e.g. MODIS LAl and ET) can be useful for model
evaluation (multi-objective calibration!)

» Plant growth module modifications affect...

... sSimulations in the tropics (soil moisture approach), but also
... sSimulations in general (logistic LAl decline rate)

and might be useful for large parts of the SWAT community!
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0 Introduction

: L , Modelling workflow
Case studies for PhD within IWAS project,

Central Brazil:

Input data,
Precipitation uncertainty, Model setup for status quo GIS preprocessing,
Strauch et al. (2012), Initial parameters
J. Hydrol.
Plant growth, Calibration, Reference data for

" Source code

Strauch & Volk (subm.), | RdEEHIJINAA, T adaptation streamflow,
Environ. Modell. Softw. Validation turbidity, LAl, ET

BMP scenarios,

Strauch et al. (2013), Scenario simulation,

Scenario data /
J. Environ. Manage. Impact analysis, design

Optimization-based trade-offs




Initial tests...

a) IGRO =1 (vegetation is growing), no management schedule
b) Management schedule: “plant” at FRy,, = 0.1,°kill” at FRp,, =0.925
c) Management schedule: “plant” at Sep 1,°kill” at = Aug 31
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Validation

Calibration

a) Cerrado

Validation

Calibration

b) Mata
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Calibration
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Table 4: SWAT parameters used for LAl ET, and streamflow (Q) calibration

Calibrated values

Parameter Calibrated {initial values)
(model file) output Parameter description Campo Cerrado  Mata
ALAI_MIN {crop.dat) LAl Minimum leaf area index for plant {LAlwm, m%/m?) 0.7 0.7 1.35
(-] {-) (0.75)
BIC_E (crop.dat) LAI Radiation-use efficiency ({kg/ha}/({MJ1/mZ)) 20 20 20
(24) {34 (15)
BLA[ (crop.dat) LAl Maximum potential leaf area index (m2/m?3) 21 2.3 3.5
(2.3) {2 (3]
DLAT {crop.dat) LAl Fraction of PHU when LAl begins to decline 0.58 0.54 0.53
{0.35) {0.25) {0.939)
FRAWC (crop.dat) LAl Fraction of available water capacity when plants begin 0.1 0.1 0.1
growing season in tropics {-) {-) -]
FRGRWI (crop.dat) LAl Fraction of PHU corresponding to the 1st point on the  0.07 0.07 0.07
optimal leaf area development curve {0.05) (0.05) {0.15)
FRGRW?2 (crop.dat) LAl Fraction of PHU corresponding to the 2nd pointonthe 0.4 0.4 0.5
optimal leaf area development curve {0.25) {0.25) {0.25)
GSi (crop.dat) ET Maximum stomatal conductance at high solar radiation  0.0008 0.0010 0.003
and low vapor pressure deficit {m/'s) {0.005) (0.005) {0.002)
LAIMX1 (crop.dat) LAl Fraction of BLAI corresponding to the 1st point on the  0.15 0.15 0.15
optimal leaf area development curve {0.1) {0.1) {0.7)
LAIMX2 (crop.dat) LAl Fraction of BLA/! corresponding to the 1st point on the  0.95 0.95 0.95
optimal leaf area development curve {0.7) (0.7) {0.99)
T_BASE(crop.dat) LAl Minimum temperature for plant growth (°C) 10 10 10
(12) (12) (0]
VPDFR (crop.dat) ET Vapor pressure deficit (kPa) corresponding to the 1 1 1.6
second point on the stomatal conductance curve {4) (4) {4)
EPCO (*.hru) ET Plant uptake compensation factor 0.25 0.25 1
(0] (o) (0]
ESCO (*.hru) ET Soil evaporation compensation factor 0.9 0.9 0.01
{0.95) {0.95) {0.95)
GW_DELAY(*.gw) Q Groundwater delay time (days) 120 120 10
(31) {31) (31)
GWQaMN (*.gw) Q Threshold depth of water in the shallow aguifer 100 100 100
required for return flow to occur {(mm H20) {a) {0) o)
GWREVAP (*.gw}) ET Groundwater "revap” coefficient 0.2 0.2 0.8
{0.02) {0.02) {0.02)
REVAPMMN (*.gw)  ET Threshold depth of water in the shallow aguifer for 101 101 1
“revap” to occur (mm H20) (1) (1) 1)
CN2® (*.mgt) a Initial SCS runoff curve number for moisture condition 1l 46 [86] 44 [84] 35 [82]
(41[81]) (33[73]) (30[77])
PHU_PLT (*.mgt) LAl Total number of heat units or growing degree days 4300 4300 4300
needed to bring plant to maturity {1800) {1800) {1800)
CH_K2°[*.rte) Q Effective hydraulic conductivity in main channel 105
alluvium (mm/hr) {a)
CH_N2Zb(*.rte) Q Manning's "n" value for the main channel 0.1
{0.014)
3 CN2 values for Hydrologic Soil Group A [and D], both Soil Groups are occurring in the study area

b Non-specific for land cover type _
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