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Carbon Balance Modeling with SWAT+ (cswat=1)

) Current SWAT+ Model Service Support
Crop Surface Residue mhd

e Field-to-Market — The Alliance for Sustainable

. : Agriculture
Metabolic Structural . .
* Deployed Fall 2025, 2.4M simulations to date
ON [e) CO,

* Fieldprint Calculator — member organizations
* FtM Qualified Data Management Partners using API

Microbial
Biomass

* Eocene — 1+ M simulations to date for carbon
accounting by food supply chain organizations

Surface Layer * Soil Health Institute — national extent dairy
Subsurface Layers systems modeling project - underway

Met.a bolic — Passive SOC
& Litter
Lateral Flow

Mlcroblal
Biomass SOC

Slow SOC

Tillage Mixing

Biomixing
Leaching

e 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)

Plant Root Residue

Structural
Litter

s

Leachin,



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:
Better representation of aboveground plant
residue and its interaction with the surface soill
layer

New subroutine:
Better representation of belowground plant
residue and its allocation to litter carbon pools

New plants.plt parameters and data
— aboveground (shoot) lignin

fraction
— belowground (root) lignin fraction
— average plant lignin fraction

Plant-specific begin/end root/shoot fractions



Organic Matter Amendments Separated from Synthetic Fertilizers

New organic matter amendment parameter files

— 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

— 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:

New ,

Modified manure processing in for
cswat=1

WIi-Vernon Grass Hay: 300mm, 2030mm SOC, Manure vs SynNP

300Man

=/ /\/\J\-_"‘-—/\“J\""

~ =

2030Man =—— —300Syn — —2030Syn

-~




Model Update: Tillage, Moisture, and Temperature Effect Factors

IA-Clayton: Tillage Effect Parameter Adjustments

Methods
TILLF1: Gijsman et al (2002)

WATF2: Kemanian et al (2011)
TMPF1: lIzaurralde et al (2006)

TMPF3: Sharpley & Williams (1990)
Parameters for calibration

Model Code Updates

. base disturbance (a), additional

disturbance (b), clay content reduction (c) In daily tillage factor
for both biomixing and tillage adjustment as tilled soil settles and
consolidates, controlled by soil moisture

: minimum temperature (tn),
optimum temperature (top), maximum
temperature (tx)

content



Model Update: Soil Organic Matter Pools Dynamically Initialized

IA-Clayton: SOC Trend Default vs Mathers Infitialized Carbon Pool Fractions

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

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) Pedotransfer Function Logic
Model Code Updates If silt+clay fraction >= 0.35
_ passive pool % = 0.41+0.0053*(silt+clay)
Method 3 in and Else

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



Model Update: Dissolved Carbon (DOC) Parameter Adjustment

IA-Clayton: DOC KOC Effects on 300mm SOC

Parameters for calibration

: 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

: 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

|A-Clayton: Drainage Effect on 300mm SOC

Input value is reference to parameter set record in
; 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

| tiledrain.str

name t_fc lag rad dist drain pump lat_ksat

dp _
mw24_1808 1000.00008 24. 00088 96.00880 1608.00008 30. 000800 16. 008008 1. 00088 2.00008




SWAT + Model and Data Web Services

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

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

name"”: "ma

‘'value":

: "simdates",

|
7-09-

18
16,

12-31

Sessions << < 1- Archives at 2026-06-10 15:54:41

suid
53f01£50-6515-11f1-ala0-cfa630e21875
53f0lea5-6515-1111-955d-add611d3df48
33f06d75-6515-11f1-a1a0-3386b1475¢c5d
53f01ea6-6515-1111-955d-1ba0390bd 1 ff
53f04664-6515-11f1-a1a0-397d176e03a8
53f01153-6515-11f1-ala0-9bf22f25eefd
53f01152-6515-11f1-ala0-c7a45380ea02
53f01f51-6515-11f1-ala0-a705f3458 1be
54830fd7-6515-11f1-955d-5f8935f2bb7a
54831086-6515-11f1-ala0-1dc11bc877b4

status

Finished
Finished
Finished
Finished
Finished
Finished
Finished
Finished
Finished

Finished

req IP

129822195
129.82.21.95

archived at

2026-06-10 15:42:53
2026-06-10 15:42:53
2026-06-10 15:42:53
2026-06-10 15:42:53
2026-06-10 15:42:53
2026-06-10 15:42:53
2026-06-10 15:42:53
2026-06-10 15:42:53
2026-06-10 15:42:53
2026-06-10 15:42:53

2026-06-11 15:42:53
2026-06-11 15:42:53

06-11 15:42:53
2026-06-11 15:42:53
2026-06-11 15:42:53
2026-06-11 15:42:53
2026-06-11 15:42:53
2026-06-11 15:42:53
2026-06-11 15:42:53
2026-06-11 15:42:53

service

http://csip.engr.colostate .edu:8084/csip-swatplus/m/swatplus/4.0
hitp://csip.engr.colostate edu:8084/csip-swatplus/m/swatplus/4.0
http://csip.engr.colostate .edu:8084/csip-swatplus/m/swatplus/4.0
http://csip.engr.colostate .edu:8084/csip-swatplus/m/swatplus/4.0
hitp://csip.engr.colostate edu:8084/csip-swatplus/m/swatplus/4.0
http://csip.engr.colostate .edu:8084/csip-swatplus/m/swatplus/4.0
hitp://csip.engr.colostate edu:8084/csip-swatplus/m/swatplus/4.0
http://csip.engr.colostate .edu:8084/csip-swatplus/m/swatplus/4.0
http://csip.engr.colostate .edu:8084/csip-swatplus/m/swatplus/4.0

http://csip.engr.colostate .edu:8084/csip-swatplus/m/swatplus/4.0

download
download

download

download
download

download
download
download
download
download



http://csip.engr.colostate.edu:8088/csip-soils/d/swatplus/2.0
http://csip.engr.colostate.edu:8088/csip-soils/d/swatplus/2.0
http://csip.engr.colostate.edu:8088/csip-soils/d/swatplus/2.0
http://csip.engr.colostate.edu:8088/csip-climate/d/gridmet/2.0
http://csip.engr.colostate.edu:8088/csip-climate/d/gridmet/2.0
http://csip.engr.colostate.edu:8088/csip-climate/d/gridmet/2.0
http://csip.engr.colostate.edu:8088/csip-swatplus/m/swatplus/4.0
http://csip.engr.colostate.edu:8088/csip-swatplus/m/swatplus/4.0
http://csip.engr.colostate.edu:8088/csip-swatplus/m/swatplus/4.0
http://csip.engr.colostate.edu:8088/csip-swatplus/m/swatplus/4.1
http://csip.engr.colostate.edu:8088/csip-swatplus/m/swatplus/4.1
http://csip.engr.colostate.edu:8088/csip-swatplus/m/swatplus/4.1
http://csip.engr.colostate.edu:8088/csip-swatplus/m/swatplus-cal/4.1
http://csip.engr.colostate.edu:8088/csip-swatplus/m/swatplus-cal/4.1
http://csip.engr.colostate.edu:8088/csip-swatplus/m/swatplus-cal/4.1
http://csip.engr.colostate.edu:8088/csip-swatplus/m/swatplus-cal/4.1
http://csip.engr.colostate.edu:8088/csip-swatplus/m/swatplus-cal/4.1

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"

C

A 163D|163C
b A
"parameter": [{

"name": "boundary",

"value": {"type": "Polygon", "coordinates": [...]}
1,

"result": [

"name": "slope_mean",
"value": 8.86122,
"unit": "pet”,

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

"name": "slope_len",
"value": 125,
"unit": "ft",

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

h
{
"name": "isPalouse", [topography. hyd:
"value": false, name slp slp_len lat_len dist_cha
"description™: "is Palouse area." topohrudgel A.0886122 358.1
} L1 LL11111y; 111
]

38.1
}



Model Service Update: Soil Sample Input Object

New swatplus/4.0 4.1 model service JSON input object

IA-Clayton: Applied Soil Test to Dominant Fayette Soil

Model service adjusts soils.sol horizon data to reflect
sample

= No Soil Test Soil Test

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

Grazing period input event occurs within the
model service “universal” management JSON
object

Model service inserts op_typ events in the
SWAT+ for each day in the
grazing period, through a domain table
mapping model service op_id input to
parameter set in

WI-Vernon: Grazing Intensity Effects




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
* |CU 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.




Calibration

Select+Copy ParamSet(Loc) Static Parameter
Templates

JSON Request

—

Ames, Barton, Morgan,..

—
k.,
g —
weather-sta. ol Soils(Loc] e e SDM 2024 (SQL

Soils.sol ¥
Management |<-f - -—@ D_swatplus (SQL)

sch

)> DAKOTA

plantini
Set Sim Time

swat plus-cal/d.0

Run SWAT + - swatplus-92.0.-ifx-lin-x86_64-Rel C—P@
hru_cbn_tyr.tet ) GitHub
Extract results hiru_seq_tyr.bat
hru_is_day.txt
.
— UQ Architecture
JSON Response

https:/igithub.com/swat-model/swatplus

0BS Data ‘ ‘ NAM

JSON Request
—

. Calibration

UQ Domain DB
V4.0 +PS 5 petl " Static Parameter Templates .

- Obs Data L r
Ijv,w 4?3:50 ] - PCTL Parameler sets - P8 Belection

Field to Market

uQ stats

Aggregation
v

JSON Response

Prediction Calibration




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

* Improved grazing scenario support beyond dairy systems
 Model flooded crop (rice) carbon dynamics (Jeong et al 2025)
* Model N20 emissions (Liang et al 2023)

e 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






Carbon coefficients used if gspat == 1

cbn_diagnestics ca ;q s what carbon related files are printed out if hru_ch is specified in print.prt
1 is true, @ is
If omitted, the default is @ or fa'lse.
if 8, only hru_chn_lyr, L f. v will be printed out.
if 1, hruochn lyr.txt/. h w;u, ot c.stal. b lq tatotxts/.csv, &
hru_cflux _sta / hru_ s s /.
. u,h*sﬁyuq.\,l.‘prqp,‘t,st/ csv, hru_endsin_soil prop.txt/.csv
cbn_diagnostics @

# garbdh coefficients
# Iy other_lyrs
hp_rate 1.2E-85 1.212E-85
hs_rate 2.926-84 1
microb_rate 8.0164 [}
meta_rate 8.08485 0.
str_rate 8.0107 [

0

0

microh_top.rate 0.0164
hs_hp a.

:ESQBEB
# org_allo coeffi
# other.lyrs
alco2 0.784

asco2 a. 0.664
apgo2 0.55
abgo2 - 0.55

# organic fractions used te initialize suﬂ. carbon into various pools
# ‘RFHJ,;'; ter b frac_hum_slow frac_hum_passive
org_frac 0.02 .30 @.68

# The input mathers_method controls whether the mathers equations will be used (or not used)

# to initialize humus slow pool carbon.

# Ref. "Updating carbon pool initialization within DSSAT-CENTURY", Soil Science Society of America Journal
2025

# A value of @ means the Mather's method will not be used. This is the default if no method is specified
# A value of 1 means the Mather's method will be used.

mathers methed 1

# carbon water partitioning coefficients
.‘.3,.31 1lee0.9
ot.44 0.5

# Length of days that a tillage event will be effective

# Manure carbon coefficients

rief 9.5

# Carbon moisture consolidation factors
#

Lconsf
cbn_censolidation factars .15

# cbn_zhang2 carbon temperature and water factor approaches

# Ref Title: "Replicating measured site-scale soil organic carbon dynamics in the U.S. Corn Belt using the
SWAT-C mode

# Ref URL: https://www.sciencedirect.com/science/article/abs/pii/S13648152220825357via%3Dihub

# topf Options: 1 - tppfl, 2 - 2, 3 - tmef3

# f Options: 1 - watfl, 2 - watf2

# tmef  watf

cbn_factor_appreaches 2 1 # tmpf = 2 and watf = 1 are the original factor approaches.

# tmpf2 temperature effect equation parameters
tn

top 30.8
tx 45.@

# bio and tillage mixing coefficients in mgt_tillfactor.f9@ tillf option of 4
zz_bpix_coefs 3.8 5.8 2

# Surface residue photo degradation factor.
photo_degrade_factor  0.8001
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