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SWAT is increasingly used in the tropics… 

Introduction 1 

Africa, e.g. 

Bossa et al. (2012) 

Easton et al. (2010) 

Schuol et al. (2008) 

Asia, e.g. 

Phomcha et al. (2011) 

Raneesh and Santosh (2011) 

Thampi et al. (2010) 

Tropical climate after Köppen 

Latin America, e.g. 

Plesca et al. (2012)  

Deus et al. (2013) 

Strauch et al. (2012, 2013) 

…but it was developed for temperate regions! 

…critical evaluation of processes is often missing! 
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Plant growth of perennials  

(e.g. savanna) 
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Cerrado s.s. 
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Mata ciliar / 
Mata de galeria 

Campo 
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234 km² 

Plant phenology is 
driven by 
precipitation 
pattern! 

Methods 2 
Study area 



Page 7 

Calculating PET using Penman-Monteith: 

(2) 

Influence of LAI: 

(3) 
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Plant growth & water balance in SWAT 
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… assuming each parameter in (2) and (3) 
except LAI is constant with a value of 1 

Methods 2 
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LAI calculation (default) 

LAI decline linear  

approaching zero 

4 

3 

2 

1 

Plants leave dormancy  

triggered by daylength 

…not true for the tropics!  
0 

0 0.25 0.5 0.75 1 
…not true in general!  

Fraction of potential heat units to reach maturity 

LA
I 

Methods 2 
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LAI calculation (modified) 
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0 0.25 0.5 0.75 1 

Fraction of potential heat units 

LA
I 

Methods 2 

Plants start new growing cycle depending  

on simulated soil moisture 

Logistic LAI decline 

approaching LAIMIN 
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Adaptation I: 
Transition between 
‘growing seasons’ 

Methods 2 

3 new model  

parameter! 
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Adaptation II: 

Logistic LAI 
decline and 
minimum LAI 

Default (linear):   𝐿𝐴𝐼𝑖 = 𝐿𝐴𝐼𝑂𝑃𝑇 ∙
1−𝐹𝑅𝑃𝐻𝑈,𝑖

1−𝐷𝐿𝐴𝐼
 

Modified (logistic):   𝐿𝐴𝐼𝑖=
𝐿𝐴𝐼𝑂𝑃𝑇−𝐿𝐴𝐼𝑀𝐼𝑁

1+exp
1−𝐹𝑅𝑃𝐻𝑈,𝑖

1−𝐷𝐿𝐴𝐼
−0.5  ∙ −12

+ 𝐿𝐴𝐼𝑀𝐼𝑁 

LAI declines when 𝐹𝑅𝑃𝐻𝑈,𝑖 > 𝐹𝑅𝐿𝐴𝐼𝑜𝑝𝑡 (DLAI) Methods 2 
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Reference data for plant phenology 

MODIS LAI and ET estimations (collection 5 data) 

o 1 km x 1 km, 8 day intervals 

o since year 2000 

Methods 2 
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LAI MOD15A2  

Myneni et al. (2002) 

https://lpdaac.usgs.gov/ 

ET MOD16A2  

Mu et al. (2011) 

http://www.ntsg.umt.edu/ 

Reference data for plant phenology Methods 2 

Example Cerrado (savanna): 

BISE: ‘Best Index Slope Extraction’ (Viovy et al. 1992) using R-package ‘phenex’  

(Lange and Doktor, 2013)  
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Results 3 Simulated LAI and ET, (example) Cerrado 
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Conclusions 

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

      (e.g. no dormancy in the tropics) 

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

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

 Plant growth module modifications affect… 

    … simulations in the tropics (soil moisture approach), but also 

    … simulations in general (logistic LAI decline rate) 

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

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

Comments? 

Thank you! 
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Modelling workflow 

Model setup for status quo 

Calibration,  
Plausibility check, 

 Validation 

Scenario simulation, 

Impact analysis, 

Optimization-based trade-offs 

Source code 
adaptation 

Input data, 

GIS preprocessing, 

Initial parameters 

Reference data for 

streamflow, 

turbidity, LAI, ET 

Scenario data / 
design 

Introduction 1 

Plant growth, 

Strauch & Volk (subm.), 

Environ. Modell. Softw. 

Precipitation uncertainty, 
Strauch et al. (2012), 
J. Hydrol. 

BMP scenarios, 

Strauch et al. (2013), 

J. Environ. Manage. 

Case studies for PhD within IWAS project, 
Central Brazil: 



Page 18 

Initial tests… 

2000                                                         2006  

a) IGRO = 1 (vegetation is growing), no management schedule   

b) Management schedule: “plant” at FRPHU = 0.1,“kill” at FRPHU =0.925  

c) Management schedule: “plant” at Sep 1,“kill” at = Aug 31  

PHU = 4300  
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Simulated daily streamflow vs. observation Results 3 

NSE: 0.62 NSE: 0.57 


