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Introduction — Two Topics

Setting-up robust SWAT+
Model

e Central Asian catchment

* Multi-gauge and multi-
parameter calibration

e Comparison ISIMIP2 and
ISIMIP3

SWAT User Conference, Strasbourg, July 2024

SPOTPY

 SPOTPY is a python-based
calibration tool
o Multiple algorithms

o Sensitivity analysis
o Parallel processing

* Introduce linkage between
SWAT+ and SPOTPY
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Introduction — Why Central Asia? TUT

Water highly contested resource

,,Aral Sea Disaster”

o Endorheic Lake — formerly 4t largest
freshwater lake in the world

we act

o Volume decreased by 90% since 1960s

Caused largely by expansion of irrigation
© Sely by exp & Water Efficient Allocation in a

Ferghana Valley Central Asian Transboundary
River Basin

. e Climate sensitive and
o Upstream hydropower generation sustainable water allocation

threatens water supply during cropping * Decision Support System
seasons

o Important agricultural area

* Climate change
o Nivo-glacial dominated discharge regime
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Introduction — Study Area TLT

* Karadaraya catchment | i mei
o ¢ 1 = I 500 - 1000

* Headwater catchment of Syr Darya " el f = 00200
i i - e e R S Y I 2000 - 2500
Rivers (tributary of Aral Sea) & - e A - 2510 300

42°N Pt ’M [ 3500 - 4000

* High mountains to the North, East P SR S o
and South - e R T

* Ferghana valley & agriculture in the
West & lower areas

|
1 o 3 TN

AN TELVI e

* Dry continental & semi-arid climate
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Methodology

* Input data
o GSWP-WS5ES (ISIMIP3)

* Multi-site calibration
o 3 daily gauges
o 6 monthly gauges

 Multi-variable calibration
o Streamflow &2

4
aradarya - Uchtepe

DDD

o Evapotranspiration o

o Soil moisture
* Different climate regimes

considered

o Hot/cold & wet/dry #|X
combinations 3|

o 1970s
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Methodology - SPOTPY TLT

e Statistical Parameter Optimization
Tool for Python

* Framework for optimization

[ ] [ ] [ ]
techniques for calibration
: ; (P)Bias, (log-) NSE, r, r%, Covariance;
Einsiarrs {18} Mo ctiixg usts; 2. Simulation / Evaluation MSE, dMSE, MAE, RMSE, RRMSE, Al,
P ° . Expaniants Ga_mma, Weald and KGE, hydrological signatures and
¢ S e n S It I V I ty a n a |yS I S Weibul likelihood functions

4, Parameter estimation methods:

i Pa ra I I e I p ro C e S S I n g p O S S I b | e Sensitivity Analysis Uncertainty Analysis Non-Bayesian Calibration Bayesian Calibration

FAST GLUE MLE, SA, SCE-UA, ABC, FSCABC MC, LHS, MCMC, DE-MC;,,

* SWAT++SPOTPY creates interface ¥

between SWAT+ and SPOTPY =

6. Analyser:
Posterior analyses, Best model run, Trace plots, Parameter interaction, Convergence diagnostics

SWAT Conference, July 2024 Lucas Alcamo | TUM 6




SWAT++SPOTPY — How to apply TLT

* Based on spotpy library
+ python class ,,spot_setup_swatP“

* SPOTPY setup
o Good documentation + installation @ swatPPspotpy 7 Y—

 SWAT++SPOTPY B moin = ¥ 3benches ©0ags Q Gotofie ¢ | nddfie -
o 2 DataFrames needed to define @ blcamo il e B
parameters & variables s B —
o On occasion some changes to the code still ) spetpyfuncionsey i e et ouese
needed [ Resoue 4
o Available on Github swat+ +spotpy

Link between SWAT+ models and spotpy Authors: @fuchsiger @lalcamo

Documentation coming soon!
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SWAT++SPOTPY — How to apply TLT

° # NAME CHANGE TYPE  LOWER BOUND Upper BOUND  SUBBASIN (if all type ‘None')
Pa ramEte rs data_params = [['plaps’, ‘absval', 1.8, None, None 1,

H H ["tlaps', ‘absval', 3.8, | None, None 1,
(Slmllar to ["cn2", ‘pctchg’, a, 2a, [5] 1,
calibration.cal) [*en2’, ‘petchg’, 19, 30, 7] J,

["perco’, ‘absval', 8.8, 1.8, None 1]

# Create DataFrame
df _params = pd.DataFrame(data_params, columns=[‘'name’, ‘change type', 'lower bouni®, 'upper_bound', 'subbasins’])

Fixed parameters Multiple subbasins

. calibrated
* Variables
# VARIABLE (str) TEMP_RES (str) LOCATION (List) 0BS_FILE (str) CALIBRATION  WEIGHT NAME
data vars = [[ ‘discharge’, ‘daily’, [32], ‘Discharge Yassy Uzgen.csv', False, 1, ‘Gauge Uzgen' 1,
[ ‘'discharge’, *monthly ', > [32], *Station Data 16131 prep.csv’, True, 1, ‘Gauge Uzgen® |,
[ 'eta’, *monthly”, mi,2,3,4,5,6,7,8,9,18], ‘kd_eta m_obs_basin.csv’, True, 1, "ETA basin® 1,
[ "sm", *monthly’ [1,2,3,4,5,6,7,8,9,16], "kd_sm_m_obs_basin.csv’, True, ey "SM basin’ ]

df_wvariables pd.DataFrame({data_vars, cgiumns=['variable’, “temp_res',™location’, 'obs_file','calib’,’'weight’', 'nams'}}

Which parameters to calibrate —
Channel number for Mean eta / soil moisture others are saved as well
discharge! for respective subbasins (validation)
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SPOTPY - Sensitivity Analysis TLT

* Global Sensitivity analysis with ,FAST“

1.0
« Ammer catchment, Bavaria Germany T Ireanciive porameter
* 15 Parameters 081
* 26,000 runs "
:i 0.6
Parameter Change Lower Upper 3
Type bound bound §
cn2 absval 35 95 8 0.4
cn3_swf absval 0 1 T
perco absval 0 1 2
€sco absval 0 1
epco absval 0 1 0.2
snowfall_tmp | absval -5 5
snomelt_tmp | absval -5 5
snomelt_max | absval 0 10 0.0 - : : :
snomelt_min | absval 0 10 o E 8 g g g g % E 2 g 2 o a 8
v ] 5 = E \ © = 2 = S
snomelt_lag absval 0 1 nel a ¢ @ = o o %l & 2 2 = =
awc absval 0.01 1 © 5 % % £ § 3
surlag absval 0.05 24 7 & G 7 a
deep_seep absval 0.0001 0.4 Model Paramters
plaps cloepl]l || 0 10 Figure: Results of Sensitivity analysis with FAST
tlaps absval -10 10

(Md Kazi Ismile Hossain)
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SPOTPY — Calibration

* Diforer i, e
Algorithms &
variables tested @)j e oﬁ-‘fﬁ o)
(10,000 runs, = | | @} 5
13 Parameters*) _
LHS - Daily 0.84
* Evaluated for
Gauge “Yassy . :
U ROPE Discharge Dail 0.79
Salamalik & Y
ROPE . .
(8 Parameters) Discharge Daily 0.78
SCE-UA Discharge Daily 0.83
SCE-UA D'SCE%ng * | Monthly 0.89 0.76

*unless indicated otherwise
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SPOTPY — Calibration

 Hydrographs
o SCE-UA

300 A

(KGE=0.83) 250 |
w 200 A

100 A

o ROPE 200

(KGE=0.79)
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Manual
calibration
while
considering
the
Hydrograph!
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Calibration

* Procedure:

plaps

SWAT Conference, July 2024
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Results

Calibration:
Manual + Automatic
KGE: 0.90 (calibration)

KGE: 0.64 (validation)

Input Uncertainty:
Precipitation L
—> lapse rates needed
— only one lapse rate for
catchment
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Evaluation of areal precipitation estimates based on downscaled
reanalysis and station data by hydrological modelling
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Results — W5E5 vs. EWEMBI

* Discharge and ET

TUTI

GSWP-WSE5 — GSWP-EWEMBI
Gauge NSE- 0.7 NSE- 0.7
Gulcha KGE- 0.76 KGE-0.77

. R 0.98 R 0.98
ET basin R2-0.97 R2:0.96
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Summary and Conclusions

* SPOTPY: helpful for sensitivity analysis &
calibration

* Simple application of automatic calibration
tools might not be sufficient for SWAT+ in alpine
catchments

o High number of parameters
o Large interaction between parameters

e Combined automatic & manual methods
worked well to calibrate alpine Karadarya
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Outlook

* SWAT++SPOTPY

o Basic structure and functions accessible on Github
o Some Algorithms limited in current implementation (e.g.: NSGAII)
- Edit or add new version of NSGAII

o Morris method for sensitivity analysis
- Simple global SA alternative
- Requires smaller number of runs (sufficient for larger parameter sets)

* Climate and land-use change impact assessment
o ISIMIP3 datasets to run climate impact assessment
o Scenarios of land-use change (reforestation, desertification)

SWAT Conference, July 2024 Lucas Alcamo | TUM
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Thank you for your attention!

Feedback & Questions welcome!



[ ]
SPOTPY - SWAT+ linkage
def run_swatP(path_TxtInOut, name_exe, parameter_values, channel_id):

° Own routi ne for Iin ki ng SPOTPY a nd :rj':[ve channel_id the default value if not defined or wrongly defined

if channel_id == None or channel_id == @ or type(channel_id) != int:

SWAT+ written e 38

channel_id = 1

o Taking advantage of “calibration.cal” file ot~ detetine o)
(also used for SWAT+ Toolbox)

O TWO Com ponents On Iy 'l Number and order of parameters and code have to be compatible !!!

o ” H with open(f"{path_TxtInOut}calibration_read.cal", "r") as file:
— “run_swatP” function :

lines = file.readlines()

# Edit calibration.cal file with given parameter values

— “spot_setup” object

import sys
sys.path.insert(@, 'D:/spotpy_SWATp/python_files/")
from spotpy functions import run_swatP

class spot_setup(object):

# Define paramters

cn2 = Uniform(name='cn2' , low=-10.0 , high=15.0)
perco = Uniform(name='perco', low=8.0 , high=20.8@)

k = Uniform(name="k' , low=-30.0 , high=30.8)
awc = Uniform(name="awc' , low=-30.0 , high=20.0)

snofall tmp = Uniform(name='snofall tmp', low=-2.0 , high=5.8) # -5, 5 Maximum Range!
snomelt_tmp = Uniform(name='snomelt_tmp', low=@8.@ , high=5.8) # -5, 5 Maximum Range!
snomelt_max = Uniform(name='snomelt_max', low=0.0@ , high=3.0) # @, 5 Maximum Range!
snomelt_min = Uniform(name='snomelt_min', low=0.0@ , high=4.0) # @, 5 Maximum Range!
snomelt_lag = Uniform(name='snomelt lag', low=0.@ , high=1.0) # @, 1Maximum Range!
surlag

Uniform(name="surlag" , low=8.85 , high=28) # 0.685, 24 Maximum Range!

def _ init_ (self, obj_func=None)

self.obj_func = obj_func
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SPOTPY — SWAT+ linkage @ puthon SP & TPY TLT

* Routine for linking SPOTPY Sl R o
and SWAT+ setup HRU_link calibration
Links names of Parameters as DF

Calibration.cal | | ooty
parameters with
1 HRU ranges l

SWAT 22t /N
il ——— run_swatP function spot_setup — S /
object - amprer
\ \\ Observation data
Python
function/ object Results Analyzer
SPOTPY function
Text file i
Evaluation
SWAT Conference, July 2024 Lucas Alcamo | TUM 20




SPOTPY — SWAT+ linkage TLT

* “Spotswatplus” library exists!

o Linkage between spotpy and
SWAT+

o Used to perform sensitivity

. water ﬁn\n\w

. . Article

a.nalyses and calibration of Representation of Hydrological Components under a Changing

simulated streamflow of the Climate—A Case Study of the Uruguay River Basin Using

Uruguay River the New Version of the Soil and Water Assessment Tool

.. Model (SWAT+)
o Documentation in progress
. Osvaldo Luis Barresi Armoa ¥, Sabine Sauvage ', Tobias Houska 2", Katrin Bieger 3, Christoph Schiirz *

o Personal contact established and José Miguel Sanchez Pérez '*
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