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Intensive agriculture and eutrophication




SWAT is 3
mechanistic
nutrient
model—
advantage for
investigating

changes in
processes and
relationships
with climate
change
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OWC-WaterScenGen (R-Shiny)
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Management and conservation practices Climate change scenario

Change number of climatic extreme years

You can create a climate scenario based off historical climatic events. You can increase the number of 'extreme’
climatic water years to see the response of discharge, nutrient, and sediment loss. You can change the entirety of
the 30 year record. Hence, the sum of the years in each category cannot be not be greater than 30.

Years with low precipitation, high temperatures:

E

Years with high precipitation, average temperatures:

E

Years with average precipitation, high temperatures:

E

Changed low precipitation, high temperature years by 0
years, change from 1/ 6 years (5 out of 30 years)to 1/
6 years, (1x change in frequency)

Changed high precipitation, average temperature years
by 0 years, change from 1/ 6 years (5 out of 30 years)
to 1/ 6 years, (1x change in frequency)

Changed average precipitation, high temperature years
by 0 years, change from 1/ 10 years (3 out of 30 years)
to 1/10 years, (1x change in freguency)

Add overall change to precipitation and temperature

Add a change to the "future” climate data that is added to the dataset in a linear fashion: e.g., year 1 will change by
applied amount divided by total number of years (X/30), and the final year will be changed by the total amount (X).

Add linear increase to temperature (C):

Add linear increase in precipitation {%):

0

Low precipitation (Dry)

High precipitation (Wet)

Average precipitation,
warm (warm + wet)



Research question: How well do climate analogue sequences
reproduce the impacts projected by GCM and RCM
ensembles?

GCMs

Storyline based climate forcing
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Motivation: Practitioners can remember
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Where will you need to go to find today’s climate? CLIMATE

CHANC
The tool can also be used in the reverse—looking at one particular location to identify where similar climates , prcd Wﬂ“ }{(j;jyg
might be in 2030. To illustrate the concept, an analogue of present-day Los Angeles, California shows that the FOOD SECURITY
southern parts of United States’ eastern seaboard and France, northern Germany, and the Netherlands might

experience Hollywood's traditionally mild winter months (December to February) by 2030.

FRANCE,
: NORTHERN GERMANY,
e a NETHERLANDS

.'.k'f;.’ W 2030
CALIF02R:1I: e , ' EASTERN :
-y 9 UNITED STATES

» 2030

Current climate
conditions

similar to

Future climate - »
conditions . ,

Level of similarity

VERY siMiLAR B

For more information, visit www.ccafs.cgiar.org.

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
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Climate storylines

* Physical plausibility

* Mechanistic understanding
over of probability
distributions

Shepherd et al. (2018) Clim Change 151. 555-571.

Only 2% of agricultural trade
publications discussing the
2012 drought mentioned
climate change

Church et al. (2017) Clim Risk Manag 15 45-60.

Drought and heat in 2012
lowered U.S. corn yields by more
than 40 bushels per acre

by Economic Research Service
8/15/2013

Corn and Other Feed Grains

Weather effects on U.S. corn yields, 2012

Com yield, bushels per acre
170

Advanced planting progress
raised expacted com yields

160 -

140 1

130 1

July precipitation (inches), 8-State region

Stales are lowa, lllinois, Indiana, Ohio, Missouri, Minnesota, South Dakota, and Nebraska.

Note: Hot July weather lowered the yield curve; dry July moved yields down along the lowered curve.
Source: Westcott, P, and M. Jewison. 2013. Weather Effects on Expected Corn and Soybean Yields,
FDS-13g-01, USDA, Economic Research Service, July 2013..
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Identify change in frequency from RCM outputs

fut, sim ]
fut,story __ fwet v hist,obs
fwet —  chist, sim fwet
fwet
Climate analogue
Time period Water Years (n) category Count Frequency
Observed historical Dry S 0.17
SllEE 1990-2019 (30) Wet 4 0.13
. . . Dry 2 0.10
Historical simulated
1980-1999 (20) Wet 2 0.10
_ Dry 4 0.20
Future simulated
2040-2059 (20) Wet 8 0.40
R Dry 2.00
R Wet 4.00
Storyline Dry 10 0.33
SDLUStoryline (30) Wet 16 0.53



Climate storyline scenario

- Stochastically assign
analogue years to the Storyline based climate forcing
historical record

Historical
climate record:

2010 2011 2012 2013 2014

Climate
%Replace COIdeSt yearS sensitiv?ty 2012 2011 2012 2013 | 2012
ﬁrSt (Warming effect) scenario:
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Storyline scenario: more seasonally accurate
baseline
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Mean shifts
much larger in
climate model
scenarios than
in the storyline
scenarios
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Differences in annual dynamics most exemplified by examining average
annual flow weighted mean concentration

Precipitation (mm) Temperature (°C) Discharge (m?/s)
1.00 A [ 1.00 4 1.00 A
0.75 - 0.75 1 0.75 1
0.50 - 0.50 A 0.50 1
0.25 - } 0.25+ 0.25 1
0.00 - 4 : : — 0.00 - - : : : . 0.00 1
%5 800 1000 1200 1400 9 10 11 12 13 14
O
o Soluble P Load (kg) FWMC Soluble P (mg/L)
1.00 A 1.00 4 JIJ_,__
0.75 - 0.754
0.50 - 0.50 A
0.25 - 0.25 A
OOO — T T T 000 L T T T T T
500 1000 1500 0.0175 0.0200 0.0225 0.0250 0.0275

SDL Observed climate (historical) - 1990-2019 = Storyline (future)
GCM (historical) - 1980-1999 = GCM (future) - 2040-2059



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
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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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Table 9. Performance measures for OWC-SWAT+ at Berlin Rd. Bolded values are considered
satisfactory by published standards for watershed models. Recommended values for satisfactory

performance are 1n the first column.

Moriasi et al. (2015) Calibration (2013-2017) Validation (2018-2020)
NSE Pbias NSE Pbias NSE Pbias
Discharge >0.5 < =15 0.74 -14 0.63 -22
Total phosphorus >0.35 <=£30 0.48 -32 -0.5 -14
Soluble phosphorus | >0.35 <=£30 0.6 4 0.37 -3
Sediment >0.45 <20 0.4 -6 0.42 24
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Do climate analogue years share seasonal patterns?

wet

dry 4

remaining years 1

wet 1

dry 1

remaining years -

wet 1

dry 1

remaining years 4
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Month

Temperature anomaly (C)
o

1

0

-1

-

Observed climate (historical)

GCM (historical)

Precipitation anomaly (mm)

.40

0
-40

GCM (future)
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Do climate analogue years share changes in seasonal patterns?

« Monthly precipitation anomalies
« Correlation amongst 1000 random permutations vs. climate analogue years

Observed climate (historical) GCM (historical) GCM (future)
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7.5
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2.5- J\
>, ;
=" 0.0 ]
©
10.0 1 . .
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> n=>5 n=2 n=4
[
5.0 1 2
all years mean
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o ¥
0.0

0.2 03 0.8 0.2 0.3 0.8 0.2 03 08
Pearson correlation coefficient



10.0 1

7.51

5.0 1

2.5 1

Density

7.5 1

5.0 1

2.5 1

0.0 1

Do climate analogue years share changes in seasonal patterns?

« Monthly temperature anomalies
« Correlation amongst 1000 random permutations vs. climate analogue years
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Precipitation (mm) Temperature (°C) Discharge (cms)
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SWAT+ results — yield
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Seasonal bias in regionally downscaled GCM

Precipitation (mm) Temperature (C)
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Change climate

Management and conservation practices Climate change scenario

Change number of climatic extreme years

You can create a climate scenario based off historical climatic events. You can increase the number of 'extreme’
climatic water years to see the response of discharge, nutrient, and sediment loss. You can change the entirety of
the 30 year record. Hence, the sum of the years in each category cannot be not be greater than 30.

Years with low precipitation, high temperatures:

E

Years with high precipitation, average temperatures:

E

Years with average precipitation, high temperatures:

E

Changed low precipitation, high temperature years by 0
years, change from 1/ 6 years (5 out of 30 years)to 1/
6 years, (1x change in frequency)

Changed high precipitation, average temperature years
by 0 years, change from 1/ 6 years (5 out of 30 years)
to 1/ 6 years, (1x change in frequency)

Changed average precipitation, high temperature years
by 0 years, change from 1/ 10 years (3 out of 30 years)
to 1/10 years, (1x change in freguency)

Add overall change to precipitation and temperature

Add a change to the "future” climate data that is added to the dataset in a linear fashion: e.g., year 1 will change by
applied amount divided by total number of years (X/30), and the final year will be changed by the total amount (X).

Add linear increase to temperature (C):

Add linear increase in precipitation {%):

0




Downscaled precipitation predictions can be highly uncertain
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