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Carbon Balance Modeling with SWAT+ (cswat=1)

Current SWAT+ Model Service Support

• Field-to-Market – The Alliance for Sustainable 
Agriculture
• Deployed Fall 2025, 2.4M simulations to date
• Fieldprint Calculator – member organizations
• FtM Qualified Data Management Partners using API

• Eocene – 1+ M simulations to date for carbon 
accounting by food supply chain organizations

• Soil Health Institute – national extent dairy 
systems modeling project - underway

• AgMIP - model intercomparison study for carbon 
balance output  – underway

• USDA Farm Service Agency - model simulation 
support to Conservation Reserve Program (CRP) 
general signups, ~30,000 offers per year – model 
service integration underway supporting carbon 
balance and water quality components of the 
Environmental Benefits Index (EBI)



SWAT+ Carbon Balance Model Updates

Residue to litter pool dynamics updated

Organic matter addition separated from 

synthetic fertilizer applications

Tillage, moisture, and temperature effect 

methods added and parameter 

adjustment enabled

Soil organic matter pools dynamically 

initialized

Dissolved carbon (DOC) parameter 

adjustment enabled 

SWAT+ Model Services Updates

Tile drainage input object

HRU-specific Slope Steepness/Length

Soil sample input object

Grazing period input object

NAM database integration for region or 

HRU specific soft calibrated 

parameters

Modeled Soil Carbon Stock Uncertainty 

Bounds



Model Update:  Modified Residue to Litter Pool Dynamics

New subroutine: cbn_surfrsd_decomp.f90

Better representation of aboveground plant 

residue and its interaction with the surface soil 

layer

New subroutine:  cbn_rsd_transfer.f90

Better representation of belowground plant 

residue and its allocation to litter carbon pools

New plants.plt parameters and data

ab_lig_frac – aboveground (shoot) lignin 

fraction

bg_lig_frac – belowground (root) lignin fraction

avg_lig_frac – average plant lignin fraction

Plant-specific begin/end root/shoot fractions



Organic Matter Amendments Separated from Synthetic Fertilizers

New organic matter amendment parameter files

manure_db.frt – contains records by region from 

University of Minnesota ManureDB for beef, dairy, 

poultry, and swine; place holder columns for pests, 

pathogens, heavy metals, salts, and other 

constituents

manure_om.frt – contains manure parameters 

including water, carbon, mineral N, mineral P, 

organic N, organic P, and NH3 N fractions

Model Code Updates

New op_typ in management.sch:  manu

New manure_db_read.f90, 

manure_orgmin_read.f90

Modified manure processing in pl_manure.f90 for 

cswat=1 



Model Update: Tillage, Moisture, and Temperature Effect Factors

Methods

TILLF1: Gijsman et al (2002)

TILLF3: Kemanian et al (2011)

WATF1: Neitsch et al (2011)

WATF2: Kemanian et al (2011)

TMPF1: Izaurralde et al (2006)

TMPF2: Kemanian et al (2011)

TMPF3: Sharpley & Williams (1990)

Parameters for calibration

TILLF3: base disturbance (a), additional 

disturbance (b), clay content reduction (c) 

for both biomixing and tillage

TMPF2:  minimum temperature (tn), 

optimum temperature (top), maximum 

temperature (tx) 

Model Code Updates 

In mgt_newtillmix.f90 daily tillage factor 

adjustment as tilled soil settles and 

consolidates, controlled by soil moisture 

content



Model Update:  Soil Organic Matter Pools Dynamically Initialized

Methods

1. Default allocated microbial, slow 

humus, passive humus pool fractions:  

0.02, 0.44, 0.54 (Zhang et al 2013 

from Gijsman 2002)

2. Option to manually adjust in 

carb_coefs.cbn

3. Option to automatically adjust fractions 

controlled by silt+clay content effect on 

passive pool fraction (Mathers et al 

2026 extends Porter et al 2010, Koo et 

al 2007)

Model Code Updates

Method 3 in carbon_coefs_read.f90 and 

soil_nutcarb_init.f90

Pedotransfer Function Logic

If silt+clay fraction >= 0.35

passive pool % = 0.41+0.0053*(silt+clay)

Else

passive pool % = 0.015*(silt+clay)+0.069



Model Update: Dissolved Carbon (DOC) Parameter Adjustment

Parameters for calibration

PRMT_21: KOC organic carbon-water partition 

coefficient; range 500-1500, default 1000 L/kg; 

affects C loss from microbial pool in sediment 

and SOC to DOC in nut_orgnc2.f90

PRMT_44: DOC runoff:percolate ratio, range 

0.1-1.0, default 0.5; affects amount of DOC in 

runoff versus percolating down the soil profile



Model Service Update: Tile Drainage Input Object

New swatplus/4.0 or 4.1 model service JSON input object

{

"name": "tiledrain",

“value": “mw24_1000”

},

Input value is reference to parameter set record in 

tiledrain.str; default is “null”

Need more tile drain parameter set records

Model output currently does not track C loss to tile flow

Possible option to automatically drain HSG C, D, A/D, B/D, 

and C/D soils, or alternatively drain field having matching 

HRU in NAM DB having low hydrology.hyd perco value; 

otherwise tiledrain input object comes from the requesting 

application or API call



SWAT + Model and Data Web Services

http://csip.engr.colostate.edu:8088/csip-soils/d/swatplus/2.0
Resolve soils.sol input file

http://csip.engr.colostate.edu:8088/csip-soils/d/slope/1.0
Resolves soil component slope steepness and length

http://csip.engr.colostate.edu:8088/csip-climate/d/gridmet/2.0
Fetches data from GridMet for SWAT+ weather input  files

http://csip.engr.colostate.edu:8088/csip-swatplus/m/swatplus/4.0
Runs SWAT+ simulation for soil component

http://csip.engr.colostate.edu:8088/csip-swatplus/m/swatplus/4.1
Runs one or more SWAT+ simulations for farm field

http://csip.engr.colostate.edu:8088/csip-swatplus/m/swatplus-cal/4.1
Runs SWAT+ calibration simulations
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Model Service Update: HRU-Specific Slope Steepness and Length
{

"metainfo": {

"tstamp": "2026-06-07 21:33:33",

"status": "Finished",

"suid": "d3c10e5b-62ea-11f1-bfa5-31788e05ef29",

"cloud_node": "192.168.9.37",

"request_ip": "129.82.20.229",

"service_url": "http://csip.engr.colostate.edu:8099/csip-soils2/d/slope/1.0",

"cpu_time": 743,

"expiration_date": "2026-06-07 21:36:34"

},

"parameter": [{

"name": "boundary",

"value": {"type": "Polygon",  "coordinates": [...]}

}],

"result": [

{

"name": "slope_mean",

"value": 8.86122,

"unit": "pct",

"description": "slope from 10m DEM."

},

{

"name": "slope_len",

"value": 125,

"unit": "ft",

"description": "slope length (Lightle/Weesies)."

},

{

"name": "isPalouse",

"value": false,

"description": "is Palouse area."

}

]

}



Model Service Update:  Soil Sample Input Object

New swatplus/4.0 4.1 model service JSON input object

{

"name": "soiltest",

"value: [{

"cokey": 25542947,

"depth": [150, 300],

"om": [3.0, 2.4],

"bd": [1.42, 1.35],

"sand": [10, 15.0],

"clay": [35.0, 40],

"silt": [55, 45.0]

}]

}

Model service adjusts soils.sol horizon data to reflect 

sample

Limited to one input object per soil (cokey) simulated, thus if 

multiple samples, input should be composite values



Model Service Update:  Grazing Period Input Object

New Management JSON input

{

“date": ”2023-05-03/2023-05-25",

“name": "Graze, stubble or residue 25 pct",

“type": "op-graze",

“op_id": 22779

}

Grazing period input event occurs within the 

model service “universal” management JSON 

object

Model service inserts op_typ graz events in the 

SWAT+ management.sch for each day in the 

grazing period, through a domain table 

mapping model service op_id input to 

parameter set in graze.ops



National Agroecosystem Model (NAM) Database Integration

NAM models 2,121 HUC-8 watersheds using 

SWAT+

NAM applies heuristic soft calibration against long-

term average water balance and crop yield targets 

to establish baseline regional parameter sets

HUC-8 soft calibrated parameter sets have been 

added to the SWAT+ Domain database to support 

carbon balance modeling

Relevant parameters in hydrology.hyd, plants.plt
esco – soil evaporation compensation factor

pet_co – potential evapotranspiration adjustment factor

perco – percolation coefficient

epco – plant uptake compensation factor

lai_pot – leaf area index potential

harv_idx – harvest index target



Model Service Update: Modeled Soil Carbon Stock Uncertainty Bounds

•Observed Data
• ICU studies, Gracenet

•Global Sensitivity Analysis (GSA)
• Integrated Dakota Optimization/UQ framework and CSIP swatplus

•Parameter Sampling
• Apply Sobol sampling, 30K sample size

•Model Evaluation - Log-Likelihood (LL) Method (Vrugt, 2016)

• Evaluate simulations to probabilistically assess parameter set plausibility

• Apply Bayesian filtering (Beven, 2001) and error statistics to separate 

behavioral parameter sets, converting model error into a probabilstic score.

• Account for measurement uncertainty (obs_std)

• Construct CDFs by rescaling the likelihood weights, compute posterior 

cumulative distributions of model responses and corresponding parameter 

sets

• Determine best parameter set corresponding to the highest likelihood value

• Compute prediction intervals for a new model evaluation using rescaled LL 

values for all behavioral parameter sets, and approximate prediction 

intervals for selected quantiles.

• Store parameter sets and statistics in operational SWAT+ Domain 

database.





• Improved grazing scenario support beyond dairy systems 

• Model flooded crop (rice) carbon dynamics (Jeong et al 2025)

• Model N2O emissions (Liang et al 2023)

• Align WEPP water erosion and WEPS wind erosion model simulation 
periods to 2008-2025 cropping sequences

• Additional structural conservation practices

• Farm input cost reduction support

• On-going regional calibration / validation

• On-going periodic merge and alignment with SWAT+ Main

SWAT + Model To-Do List for Agro-Ecosystem Assessment Support
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