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Climate Change
Global changes

Introduction
Importance

Background
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• Warming reshapes precipitation, extremes, and hydroclimate regimes

• On-farm decisions (calendars, tillage, irrigation) strongly modulate 

catchment response

• Fixed historical rules become inconsistent with evolving phenology and 

climate

Fixed dates
Glitches with fixed calendars in models

• Most models still use rigid date-based management

• Fixed sowing/harvest dates can misrepresent phenology, ET, runoff, 

and crop yields under climate change

• Structural errors grow when climate shifts, but management in the 

model does not

Static management

Climate

Calendars
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More realistic assessments
Idea: dynamic, state-based management Dynamic farm management

• Finding a method to use dynamic field management in 

catchment-scale hydrological modeling for climate projections

• More realistic hydrological modeling and assessments

Farmers and crops
What is important for field management?

• Not only new sowing window important, but also other conditions, 

such as soil moisture and machinery workability, are 

important

• Farmers can't go to the farm whenever they want

Farmers 

Idea

Behavior
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State-based conditions
Soil and Water Assessment Tool+ New module

• The decision tables module is added to SWAT+

• A flexible method for farm management, water allocation, 

land use change, and water controls

• Combining both climate and state-based conditions for farm 

management
If - then

New module inside SWAT+

• SWAT+ with object-based architecture and rule-based 

management engine

• Decision tables = daily if–then rules using state variables 

and guards

• 54 condition variables and 43 action types available for 

flexible management

Decision tables

In SWAT+

Concept
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Aim
Four major objectives Objective

• Reproducing historical calendars and extrapolating to future 

climates

• Adding more realistic conditions to the model-based farm 

management 

• Improving model-based assessments

• Understanding changes in the growing season

Research objectives



Schwarzer Schöps
Study area
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Catchment area
137 sq-km

Share of cropland
Around 50% 

Precipitation (mean annual)
750 mm/year

Elevation range
160 – 449 m a.s.l



Flowchart
Traditional approach 
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Flowchart
New approach
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Example of Decision Table
On a day

01 02 03 04

First Condition
Is it rainy today?

If yes -> go to next day

If no -> check the next condition

Second condition
Is the soil dry?

If no -> go to the next day

If yes -> check the next condition

(Based on field capacity or 

moisture in top layer)

Third condition
Is today a good day for planting?

If no -> go to the next day

If yes -> Go to action

(Based on heat units in SWAT+)

Action

Plant the crop

Crop is planted and goes to the 

next conditions and actions

Nitrate stress

Phosphorus stress

Water stress

….



A simple decision table
For a winter crop in SWAT+
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name            conds  alts  acts  !plant and harvest for continuous winter wheat 1 
rotation_wwht   7      4     3 2 
 3 
var         obj   obj_num   lim_var   lim_op   lim_const   alt1   alt2   alt3   alt4 4 
phu_base0   hru   0         null      -        0.85100     >      -      -      -      base0 heat units to trigger plant 5 
phu_base0   hru   0         null      -        0.55000     -      >      -      -      base0 heat units to trigger harvest 6 
phu_base0   hru   0         null      -        0.65000     -      <      -      -      base0 heat units to trigger harvest 7 
days_plant  hru   0         null      -        316         -      -      >      -      Maximum days from planting to harvesting 8 
precip_cur  hru   0         null      *       0.00000     =      =      =      -      Precipitation is 0 on the day for actions 9 
year_rot    hru   0         null      -        1.00000     -      -      -      >      reset rotation year 10 
year_rot    hru   0         null      -        1.00000     =      -      -      -      plant crop 1 in rotation year 1 11 
 12 
act_typ        obj   obj_num   name         option   const       const2      fp      alt1   alt2   alt3   alt4 13 
plant          hru   0         plant_wwht   wwht     0.00000     0.00000     null    y      n      n      n 14 
harvest_kill   hru   0         harv_wwht    wwht     0.00000     0.00000     grain   n      y      y      n 15 
rot_reset      hru   0         reset_wwht   null     1.00000     1.00000     null    n      n      n      y 16 
 17 



A complex decision table
For a 5-crop rotation in SWAT+
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More actions and conditions
54 condition - 43 action types – v.61.0.2.11
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“manure_demand; irr_demand; irrigate; fertilize; fert_future; till; plant; harvest; kill; harvest_kill; 

rot_reset; harv_reset; kill_reset; plant_reset; irr_reset; pest_apply; graze; grow_init; grow_end; 

tiledep_control; tileflo_contol; res_demand; impound_off; impound_on; weir_height; puddle; 

hru_fr_update; lu_change; p_factor; contour; stripcrop; terrace; tile_install; septic_install; 

fstrip_install; grassww_install; grassww_uninstall; user_def_bmp; chan_change; burn; 

cn_update; pheno_reset; herd.”

“w_stress; n_stress; p_stress; phu_plant; phu_base0; precip_cur; precip_next; plant_gro; 

plant_name_gro; days_plant; days_harv; days_irr; days_act; day_start; slope; soil_water; jday; 

month; year_rot; year_gro; year_cal; year_seq; year_start; cur_yrs_mat; biomass; leaf_area; 

ground_cov; p_factor; k_factor; hyd_soil_group; p_pet; p_lab_150; soil_temp2; soil_carbon; 

tile_drained; prob; prob_unif; prob_unif1; prob_unif_lu; channel_flo; tile_flo; irr_demand; 

irr_demand_wro; aqu_dep; land_use; cal_group; tillage; plant_com; ch_order; vol; res_inflo; 

wet_depth; weirh; vol_wet.”

43 actions

54 conditions



Climate models
For Climate change assessments
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• Three end-of-century EURO-CORDEX members: warm–wet, cool–wet, cool–dry

• Bias-corrected daily forcing for 1988–2020 and 2067–2099

• Same decision tables used for historical and future runs (no recalibration)



Key Results
Growing seasons & yields for two crops
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• Corn silage shifts toward an earlier start and later finish under warm–wet conditions: planting 

advances from a 12 Apr median (cool–dry/cool–wet) to 31 Mar (warm–wet), while harvest shifts later 

from 5–13 Sep to 19 Sep, extending the median growing season from 144–162 days to 172 days.

• Winter wheat shifts mainly through later planting (not earlier harvest): median planting moves later 

from 19 Sep (cool–dry) to 3 Oct (cool–wet) and 11 Oct (warm–wet); harvest stays in late July with only 

a modest delay (22 Jul → 27 Jul). Net effect: shorter median growing season (306 → 297 → 293 

days).

• Key contrast: climate scenarios push corn silage toward longer seasons, but push winter wheat 

toward shorter seasons, implying crop-specific phenological responses that a fixed calendar would 

not capture.



Key Results
Growing seasons & yields for two crops
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Key Results
Growing seasons & yields for two crops
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• Corn silage yields high and stable 

• Winter wheat yields modest scenario differences but higher interannual variability



Key Results
Nutrient losses
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• Setup: HRU-scale comparison of fixed (calendar) vs dynamic (decision-table) 

management under Cool–dry / Cool–wet / Warm–wet, using Historical-fixed (per crop) 

as the baseline.

• Winter wheat: Dynamic management consistently reduced surface-runoff nitrate by 

−48.5% to −86.6% across all climates; fixed management was climate-sensitive (+30.6% 

under Cool–dry but reductions under wetter/warmer scenarios). Sediment changes were 

moderate, with dynamic damping extremes (−26.8% to +4.6%) vs wider fixed variability 

(−33.1% to +12.9%). Soluble P runoff declined modestly under dynamic (−7.4% to −19.1%).

• Corn silage: Dynamic management reduced nitrate runoff in all future scenarios (−8.8% to 

−52.6%), but increased sediment and P losses relative to the corn baseline.

• Interpretation: For corn, relative increases look large because the historical baseline 

losses are very small; absolute masses remain low compared with winter wheat.
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Implications, limitations, outlook

Future work on Basin-wide 

assessments

All water balance parameters

Workflow is transparent, 

reusable, and conceptually 

transferable beyond SWAT+

Current limits: one basin, two crops, 

timing-only adaptation

Dynamic rules reduce 

structural bias vs fixed 

calendars in climate-impact 

studies

Future work on varieties, crop 

switching, irrigation, …

Future work on building a 

database for crops

Advancements in 

agricultural technology?
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• Weather extremes affect yields and timing

• Shallow, stony soils dry out quickly

• Wet fields delay planting and harvest

• Crop rotation helps manage risk

• Ponds and water supply support farm resilience.

Clarkson's Farm 

(400 ha) 
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Special thanks to Prof. Martin Volk and UFZ for their support

This work was conducted within the framework of the EU Horizon 2020 

OPTAIN project (agreement No. 862756)

More information and examples:



Thank you!
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