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SWAT is a 
mechanistic 
nutrient 
model—
advantage for 
investigating 
changes in 
processes and 
relationships 
with climate 
change
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Lake Erie Basin
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Standard climate hydrologic impact modeling

Kujawa et al., 2024. Science of the Total Environment. 
724. https://doi.org/10.1016/j.scitotenv.2020.138004

6 climate models (GCMs) 
x

5 SWAT Maumee River 
Watershed SWAT models

• Climate model drive 
uncertainty in  discharge and 
total nitrogen prediction

• SWAT model drive uncertainty 
in phosphorus prediction
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Huron historical society

>50% agricultural

Study area: Old Woman Creek, Ohio, USA
Laurentian Great Lakes drainage basin

72 km2
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Barriers to use for climate (GCM) data

• Downscaled RCMs with 

1D representation of 

Laurentian Great Lakes

• Significant bias

• Difficult messaging
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OWC-WaterScenGen (R-Shiny)

Low precipitation (Dry)

High precipitation (Wet)

Average precipitation, 

warm (warm + wet)
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Motivation: Practitioners can remember 
historical climatic extremes 

Storyline based climate forcing
GCMs

Research question: How well do climate analogue sequences 

reproduce the impacts projected by GCM and RCM 

ensembles?



Climate analogues are 
locations that 
currently experience a 
climate similar to 
what a specific region 
is projected to 
experience in the 
future due to climate 
change

11



12

Only 2% of agricultural trade 
publications discussing the 
2012 drought mentioned 
climate change
Church et al. (2017) Clim Risk Manag 15 45–60.

 

• Physical plausibility
• Mechanistic understanding 

over of probability 
distributions

Climate storylines

Shepherd et al. (2018) Clim Change 151. 555–571. 
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Identifying analogue 
climate years from 

historical observed record 

Description Precip Temp Years

Low 

precipitation, 

high 

temperature 

(dry)

40th 

percentile

75th 

percentile

1991, 1999, 

2010, 2012, 

2016

High precip, 

average 

temperature 

(wet)

75th 

percentile

50th 

percentile

2000, 2007, 

2013, 2019

2011

2001
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Identify change in frequency from RCM outputs

Time period Water Years (n)

Climate analogue 

category Count Frequency

Observed historical 

climate
1990-2019 (30)

Dry 5 0.17

Wet 4 0.13

Historical simulated
1980-1999 (20)

Dry 2 0.10

Wet 2 0.10

Future simulated
2040-2059 (20)

Dry 4 0.20

Wet 8 0.40

R Dry 2.00

R Wet 4.00

Storyline

(30)

Dry 10 0.33

Storyline Wet 16 0.53

𝑓𝑤𝑒𝑡
𝑓𝑢𝑡,𝑠𝑡𝑜𝑟𝑦

=
𝑓𝑤𝑒𝑡

𝑓𝑢𝑡, 𝑠𝑖𝑚

𝑓𝑤𝑒𝑡
ℎ𝑖𝑠𝑡, 𝑠𝑖𝑚  ×  𝑓𝑤𝑒𝑡

ℎ𝑖𝑠𝑡,𝑜𝑏𝑠
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Climate storyline scenario

→Stochastically assign 

analogue years to the 

historical record

→Replace coldest years 

first (warming effect)

Storyline based climate forcing
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Storyline scenario: more seasonally accurate 
baseline

Climate forcing Variable Pbias NSE
RCM historical 
(1980-1999) Discharge 13 -1.22

Observed historical 
(1990-2019)

Discharge -24 0.50

Soluble 
phosphorus -12 0.35

2013-2017
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Mean shifts 
much larger in 
climate model 
scenarios than 
in the storyline 
scenarios 

2% 7% 0.6 2.3

5% 14% 4% -2%
Storyline
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Differences in annual dynamics most exemplified by examining average 

annual flow weighted mean concentration
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Seasonal baselines and climatic shifts 
differ among the two methods
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Implications: ecological processes rely on seasonality

→March-July Dissolved 

Reactive Phosphorus Load 

drives changes in Lake Erie

USGS
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Future direction

Strengths of the storyline approach: 

→Scenarios directly correlate to historical climate risk years

→Baseline is historical observed climate record

→Preservation of interannual climate physics

→Preserves accurate seasonality—critical for ecological models

Limitations of the storyline approach:

→Stationary scenarios

→Does not test for increasing intensity beyond what is in the historical 

record

→No preservation of intra-annual climate physics
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Do climate analogue years share seasonal patterns?
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n = 4 

n = 5 

n = 2 

n = 2 

n = 8 

n = 4 

• Monthly precipitation anomalies

• Correlation amongst 1000 random permutations vs. climate analogue years

Do climate analogue years share changes in seasonal patterns?

climate risk years mean 

correlation coefficient

all years mean 

correlation coefficient
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n = 4 

n = 5 

n = 2 

n = 2 

n = 8 

n = 4 

• Monthly temperature anomalies

• Correlation amongst 1000 random permutations vs. climate analogue years

Do climate analogue years share changes in seasonal patterns?

climate risk years mean 

correlation coefficient

all years mean 

correlation coefficient
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SWAT+ results – yield
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Seasonal bias in regionally downscaled GCM 
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Change climate
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Significant uncertainties in precipitation prediction

Downscaled precipitation predictions can be highly uncertain

Pengfei et al. (2022). Geoscientific Model Development. 15. 
4425-4446. 10.5194/gmd-15-4425-2022. 
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