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Schematic representation of the effects of e[CO2] on crop growth and hydrologic processeéy“"“
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biomass, gs, [II ” | CO, fertilization
transpiration
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Growth chambers Hydrologic models )
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Field experiments Land surface / Earth system models
Outputs: :
photosynthesis, < Outputs:
biomass, g, carbon—wate!r—
transpiration energy coupling = g

N4

Current hydrological, land surface, and crop growth models often exhibit substantial limitations
representing the effects of e[C(O2], which contributes to modeling uncertainty (Swannet al., 2016).
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Motivation and Study Contributions

Radiative Effects Physiological Effects

Increasing CO,

\ 4

Greenhouse Effect

Temperature Change

$

Hydrological Impacts

Temperature

v

Well represented
in climate impact
studies

Increasing CO,

\ 4

Plant Physiological Responses

\ 4

Stomatal Conductance
Photosynthesis
Leaf Area Index

\ 4

Hydrological Impacts
Evapotranspiration Soil Moisture Water Yield Crop Growth

A

Often simplified in
agro-hydrological
models

Precipitation Radiation

Future hydrological projections
depend on both radiative and
physiological CO, effects

Need for improved eCO, representation in SWAT+
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Review and Model Development Methodology:

{3} PHASE 2 — SWAT+ MODEL DEVELOPMENT

A-SERIES — DYNAMIC CO, DRIVER

() PHASE 1 — SYSTEMATIC REVIEW

D\ 0 Literature Search

* Scopus, Google Scholar
» Keywords: eCO,, stomatal conductance,
LAI, crop growth, hydrological modeling

Temporal
Resolution Analysis

Dynamic CO,
Input Module

@ Scenario

Goal: replace static CO, Goal: assess impact of 28 runs
with time-varying CO, input resolution L I (4 input types x
forcing (fixed / annual w— ] CO; levels)

Abojopoyia

G Screening & Selection

» Title/abstract screening
¢ Full-text review

* Inclusion/exclusion criteria

» eCO, effects on plant-hydrological
parameters

 Evidence from experimental &
modeling studies

» C3 vs C4 crop responses

O SWAT+ Development Gaps

* Limitations in current SWAT+
eCO, representation
+ |dentified needs for model improvement

Study Area

Upper Zgtowiaczka
catchment, PL
(2003-2022)

RESULTS
& ANALYSIS

informs
model
development

Configurable
Reference CO,
Parameter

Goal: enable
scenario-relative

normalisation

Water Balance
Analysis

Nonlinear Stomatal
Conductance

Goal: replace linear
formula with
physically-based
MH formulation

Crop Yield
Response
(C3vs C4)

monthly / daily)

gs_LAI_method —
4 Configurations

Goal: enable independent/
00 combined testing of
gs and LAl responses

SWAT- | SWAT- | SWAT- | SWAT-
default| gs LAl |gs-LAl

Streamflow
Analysis

B4

Scenario

28 runs

(4 methods x
7 CO, levels)

Uncertainty
Assessment
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Systematic Literature Review Methodology:

=.

(. : D )
Records identified from: Records removed before screening: §
Scopus (n = 2487) _ i Duplicate records (n = 0)
g Google Scholar (manual : i Records marked as ineligible:
‘43 search)(n :48) _______________ i -Not in selected subject areas (n
s Vo ! i =221) g
*3 | Records identified in searching for: | "Non-English records (n=171)
o | UUTUTUIUITIIITTI s . i -Not in selected document type: 5
= | prmseenoes N N S Tooe - : (n=14) :
. “ Experimental: Modeling : : :
¥ . . 1 : Records removed for other :
:  Studies . Studies ; (0= 0) :
L m=1859) ) L (=619 S T ;
\‘~ ___________________________________________________________________________________________________________ "/
/ \ ) h
. Title and abstract screened: | Records excluded: |
(n = 2120) — (n=1748) 5
Studies sought for retrieval: ' i Studies not retrieved:
(n = 372) " (n=9)
] l
.E \ { Y
g \ Full text screened: : : Records excluded: ;
- (n = 363) — (n=173)
T 2 T
Studies excluded based on
eligibiligy criteria (Table 1):
mn=175)
................................................. )
----------------------------------------------- \
- Studies included in review: ;
A=
B e e
"g ]
| T ——— b
k=
| Modeling Studies (n = 120)
_______________________________________________ )

Research
Analyzing
Tools

Abojopoyia

vosViewer

Experimental: Tier 1: n=39, Tier 2: n=57
Modeling: Tier 1. n=73, Tier 2: n=47

]
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A-series — Dynamic CO, Driver

) @:1=2el: {0 — Original SWAT+

e Single fixed CO, value throughout the simulation

e Same concentration applied to all years

e Cannot represent observed or future CO; trajectories

‘ Development

VAV o138 — SWAT+ co2_interpolate

¢ Reads time-varying atmospheric CO, data
e Supports four temporal resolutions:

[ Fixedj [Annual] [Monthly] [ Daily ]

e Compatible with observational and scenario-
based CO, datasets

Why?

Atmospheric CO2 has increased from ~370 ppm to >420 ppm
over the last two decades and is projected to exceed
700-1000 ppm under high-emission scenarios. Fixed CO,
inputs cannot represent these changes.

&

@ Outcome: Realistic representation of temporal CO, variability

SWAT+ Model Development Methodology for ImprovedC B é Zk k €1 aZR A

B-series — Plant Response Methods

) @:1=Ze]: {5 — SWAT+ default

e Stomatal conductance:

rc =49 / (1.4 - 0.4 x CO,/CO,ref)

Abojopoyia

e Response becomes unrealistic at elevated CO; (> ~660 ppm)
e LAl does not respond to CO»

‘ Development

VAV 0158 — SWAT+_gs_LAI (4 configurations)

« SWAT+_gs — improved stomatal response (Li et al., 2019):

rc = 49 x (1 + 0.663 x (CO,/CO,ref - 1))

» SWAT+_LAI — leaf area responds to CO, (Wen et al., 2024): q_LAI:

C3=0.15
LATI = LAImax x 1- + x CO,/CO-5ref
((1-q) q 2 2 ) A

» SWAT+_gs_LAIl — both improvements combined

Why?

Q Future hydrological projections increasingly depend on plant
physiological responses to elevated CO,, yet LAl feedbacks
were absent and stomatal responses became unrealistic under
future CO, concentrations.

| Outcome: Improved representation of crop physiological
k responses under elevated CO,
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Key Insights from Literature Review i

Evidence maps of response variables in experime[\tal (a; Tier 1. n=39, Tier 2. n=57) and modelling (b; Tier 1: %:gg:?
Ar OOl B6OZRnEe | BA+ 003BUaAaKk0o0ZRUBRABNNRIIBTI AoBWEONRERUZNT €8 NjRU |j*Reat

R
(a)
Stomatal Soil

Yleld Blomass Conductance Mmsture -0

()

n
Wheat - F_
m

n

Rice -

Maize - -+ 9 8 11 11 8
Soybean - 3 9 7 8 5 3
Barley - 1 1 1 2 2 2
Sorghum - 0 3 2 2 1 1

V Experimental evidence is dominated by G crops, particularly wheat.

V Yield, biomass, WUE, and stomatal conductance are the most frequently reported responses.

V Evidence is substantially richer for crop than hydrological processes.
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Key Insights from Literature Review
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(b)
Yield / WUE / ET/ Soil Runoff / Nutrients /
Biomass WP Transpiration Moisture Streamflow Water Quality

Process-based crop models _ 33

(n=38) 15 11 5

3

S)INsay

(n=9)

Coupled hydro-crop models _ 22
(n=26)

Global gridded crop models _ 5 3 3 0
3

Hydrological models _
(n=10)

Land-surface / Earth system _
models (n=34) 0 4 16 10

4

4
0 2 3 5 0
Statistical / ML models (n=3) - 3 0 1 2 0

V Crop Models: Heavily skewed toward Yield/Biomass, lacking broader hydrology.
V Coupled Models: Most balanced, effectively capture both Yield and Runoff.
V Earth Models (LSMs): Dominate macrescale fluxes (ET & Streamflow).

V Major Gap: Water Quality and Soil Moisture are broadly neglected across all paradigms. 10/18




Key Insights from Literature Review

Comparisonof C3 and C4 crop responsesto R ¢ : caaasssix physiological and hydrological parameters (Exp Studies).
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