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Introduction

* In-depth understanding of crop growth processes essential for sustainable agricultural management

* Importance of crop parameters for target biophysical process is not identical throughout the growing
period.

* Crop biophysical processes (1.e., LAIL canopy height, root depth, etc.) also impact hydrological fluxes.
 Interaction between biophysical processes and hydrology can be simulated using SWAT/SWAT+.

Simple representation of crop growth processes in SWAT+

/ = G E g 1. strsw: water stress
<> *3 2. strstmp: temperature stress

3. strsa: aeration stress
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Research Gaps and Objective

1. Very few studies explore structure and process understanding of crop growth module

2. How parameter importance in different biophysical processes changes within crop growth
periods is still unexplored.
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Study Area — Kielstau catchment in Northern Germany
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Topography:

 Lowland region (27-78 m
a.s.l) with even topography

Climate (1991-2020):

* Temperature ~9.1°C

* Precipitation ~986 mm/a

Hydroclimatic conditions:

* Low water stress

* Low vapor pressure deficit

LULC:

* Agriculture ~65%

e Urban ~11%

* (rass & Range ~22%

* Forest ~3%

Major crops:

* Barley, Corn, Rapeseed, and
Wheat

(Wagner et al., 2022; DWD, 2026, Lei et al., 2019)




Crop Management using Decision Table (lum.dtl)

name conds alts acts 'plant and harvest for continuous summer crop
pl hv summerl & 4 3
Var obJ obj num lim var lim op lim const altl alt2 alt3 altd
phu basel hru 0 null - 0.15000 > - - -

E phu plant hru 0 phu mat - 1.15000 - > - -

=) scil water hru 0 fc * 2.00000 < < - -

o jday hru 0 null - 273.00000 - - = -

b year rot hru 0 null - 1.00000 - - - >

é year rot hru 0 null - 1.00000 = = = -
act typ obJ obj num name option CONSL const2 fp outcome

B plant hru 0 plant corn corn 0.00000 1.00000 null v n n n

harvest kill hru 0 grain_harv corn 0.00000 1.00000 grain n v v n
rot reset hru 0 reset 1 null 1.00000 d.00000 null n n n v
name conds alts acts 'plant and harvest for continuous winter crop
pl hv winterl 3 4 3
Var obj obj num lim var 1lim op lim const altl alt2 alt3 altd

~ Jjday hru 0 null - 220.00000 - - = -

i phu basel hru ] null - 0.75000 > - - -

B phu plant hru 0 prhu_mat 1.15000 - > - -

= soil water hru 0 fc * 2.00000 < < - -

- year rot hru 0 null - 1.00000 - - - >

() year rot hru 0 null - 1.00000 = = = -

e act typ obj obj num name option CONSsStT const2 fr outcome

ww fharvest kill hru 0 grain harv crop 0.00000 0.00000 grain n Ve v n
plant hru ] plant crop 0.00000 0.00000 null vy n n n
rot_reset hru 0 reset 1 null 1.00000 1.00000 null n n n Vi
The decision table’s parameters remain constant throughout the simulation.
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Parameters-Biophysical Processes-Forcing in SWAT+

Temperature tmp base

Temperature, Relative Humidity, lai_pot, frac hul, frac hu2, lai maxl,
Solar Radiation, Wind Speed lai_ max2, hu lai decl, dlai rate, can_ht max,

rt dp max, frac_stcon, stcon max, vpd

(

bm e, ru vpd, co2 hi,bm e hi

Solar Radiation

Soil Water | '

Water Deficiency 1 Yield harv_idx, harv_idx_ ws

() Forcing () Intermediate Forcing () Biophysical variable ) Parameters
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Methodology

Selection of parameter range based on i'; o INPUT

previous studies SRR TOieE s =g, e ) Parameter ranges
¢ For each parameter i: zi € [ai,bi], i=1,2,...k |

|
k = number of parameters

Range [a;,b;] (min;, max;) (factors) |
|

Saltelli et al., 2012,
https://www.rdocumentation.org/packages
/sensitivity/versions/1.2/topics/fast

Image is generated by https://openai.com/index/chatgpt/
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Methodology

Selection of parameter range based on 0 NPT

e For each parameter i: a.“b,;], t=12,....k

k = number of parameters

previous studies ARl o= g il ‘ Parameter ranges
L |

Range [a;,b;] (min;, max;) '

|

. fact
Parameter sampling el
v
=
) sAMPLE PARAMETERS USING Where:
SINUSOIDAL FUNCTIONS x;; : value of parameter i
at point s;

For each parameter i and each s;:

a; : minimum of parameter i

1 1 " ;
T;; = a;+ (b —a;) (5 + = armm(sm(wisj)))  b; : maximum of parameter i

w; : frequency of parameter 1

= Ti; € [Gi,bi]

1 Yield 21 2351
2 Biomass 19 1919

FS 3 LAI 13 687
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Methodology

Selection of parameter range based on
previous studies

i
e EVALUATE THE MODEL

Run the model for each sample point: i
Obtained response vector

yj = flx1j, @25, ., Tij) Y = [y1,92,-- -, ¥l

Parameter sampling i=12,...,n T e

Simulate biophysical processes for all sets of
parameters

Saltelli et al., 2012,
https://www.rdocumentation.org/packages
/sensitivity/versions/1.2/topics/fast

FS Image is generated by https://openai.com/index/chatgpt/
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Methodology

. (’ ™
Selection of par.ameter range based on e TS THEIMEDEL
B StlldleS Run the model for each sample point:
( Obtained response vector
yjzf(mljam%a-“aﬂ:kj) . Y:[yhyg,”_:yn]
Parameter sampling k ‘ S o= |
Nl * ™\
) FIRST-ORDER SENSITIVITY INDEX
Simulate biophysical processes for all sets of CompUite e fFstoorder Sensifivity. jndtc SR SIS
for each parameter i: : First-order sensitivity indices
parameters .- = ey el
- i i k
‘S‘_V(Y) ‘ DRSS, ol
\ ' = J

Calculate the 15 order partial variance

Saltelli et al., 2012;
https://www.rdocumentation.org/packages
/sensitivity/versions/1.2/topics/fast

FS Image is generated by https://openai.com/index/chatgpt/
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Methodology

' s
Selection of par.ameter range based on e U ARIINEE THEINGREL
IR StlldleS Run the model for each sample point:
( Obtained response vector
yjzf(mljam%a-“aﬂ:kj) . Y:[yhyg,”_:yn]
Parameter sampling k ‘ S o= |
Nl * ™
) FIRST-ORDER SENSITIVITY INDEX
Simulate biophysical processes for all sets of Coglplls g Lonig St ndSc SRR e s
for each parameter i: : First-order sensitivity indices
parameters . = oy el
= i i k
‘S‘_V(Y) ‘ 058, <gly 56, =1
3 ' e J
Calculate the 15 order partial variance
. Saltelli et al., 2012;
Understand the spatial and temporal patterns hitps://www.rdocumentation.org/packages
of parameter sensitivity at the HRU level /sensitivity/versions/1.2/topics/fast
FS Image is generated by https://openai.com/index/chatgpt/
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Temporal Sensitivity Index (SI) for corn-LAI parameters

100 - - 8
(a) tmp_base

80 -
60 -

40 -

15t order sensitivity (SI)

20 1

0:

*6 1s the daily standard deviation of LAI (sample size = 687).
*max-min 1s the daily maximum and minimum value among 687 simulations.
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Temporal Sensitivity Index (SI) for corn-LAI parameters Sy
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5 | (2 tmpbase "z, | @weimana i » Sensitivity of lai_pot
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5 4 5 4°¢ . . .
5 a0 = | S = with variance until
= F2 = F2
v 2] e e i senescence starts.

0 : 0 }

= 0T (b) frac_hu1 ¢ = 0T (o) tai_max2 8 i tmp_base also controls
< 80 | < 80 i .
g = | s " the harvest operation.
% aE % 4%
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E 20 1 B f 20 [
- o Lo - I E— a7 S Lo

100 g 100 : L8
= (c) frac_hu2 = (f) lai_pot
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- I —_— T o0 - 0 [T e e Y
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*o 1s the daily standard deviation of LAI (sample size = 687).
FS *max-min is the daily maximum and minimum value among 687 simulations.
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Temporal Sensitivity Index (SI) for winter wheat-LAI parameters il
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*o 1s the daily standard deviation of LAI (sample size = 687).

FS *max-min is the daily maximum and minimum value among 687 simulations.
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Temporal Sensitivity Index (SI) for crop biomass parameters

==, mms, =ms, S,: Initial growth
corn S,: Rapid growth
S,: Maturity - Harvest

ﬂ H I D * Growth initiation to harvest mainly
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o o o
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Sensitivity Index (%)

Jury
o
P R

o

e o v controlled by tmp base
—  High SI of corn tmp opt indicates
0] =s mms = control by temperature stress.
3% winter wheat * High soil moisture during S, phase of
§ 1 winter wheat causes high aeration
& stress
I H « Sensitivity of tmp opt increases with
1:'5 e H_: biomass

tmp_base frac_hul tmp_opt ext_co bm_e lai_pot aeration
Parameters
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Temporal Sensitivity Index (SI) for crop yield parameters

] O Maximum 1
| corn o A Median ! winter wheat _
] _a_ O Minimum 1 (@) MaX|_mum
30 3 tmp_base 4077 A Mfedllan
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< < ] 3 tmp_base
3 ) 30 [ harv_idx
g T
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2 >
= 1 B 20
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Year Year

* When harv_idx is sensitive:
1. Harvest operation is conducted on the same day in all simulations. Ex: 2011 (corn), 2012 (corn and winter wheat).

When tmp_base is sensitive:
1. Harvest operation is conducted based on the fraction of heat units. Ex: All years except 2012 (corn).
2. Using the day of harvest value before maturity. Ex: 2012 (winter wheat).

» _Stress parameters cause yield variation if harvest operation is conducted before maturity. Ex: 2012 (winter wheat).
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Conclusions

P
1. Temporal parameter sensitivity analysis on crop variables provides novel knowledge on how
_crop simulations are controlled in SWAT+ and emphasizes need for detailed model analyses

4 )
2. High temporal variability of parameter sensitivity shows that different parameters are

_ controlling three growth phases )

p
3. High temporal variability in parameter sensitivity between LAI, biomass and yield shows that
_all crop variables need to be addressed separately )

~N

r

4. Differences in results of corn and wheat demonstrates need for crop-specific analysis

J

( . . . . . 3 \
5. Proposed framework useful as decision-making tool for site-specific crop parameter selection
| while improving process understanding of crop growth module in SWAT+. )

- If you have detailed questions:
'
_— Thank you for your attention!!! " 42 casurl sa@email.com

Network for Sustainable crop production under climate change: designing and testing o
regional climate adaptation measures through enhanced ecohydrological modelling | SWAT Conference 2026, Thessaloniki, Greece
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