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Presentation Outline

Overview of revisions to climate change
simulation, and summary of input dataset.

Methodology for the projection of precipitation.

Sensitivity of climate variables, and integrated
analysis of model results.

Projection of phosphorous loads from APLE.
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Climate change model input summary

Rainfall: 2050 projection of rainfall data based on
30-year trend analysis at seasonal and land-

segment scale.

Temperature: Multiple model ensemble of

temperature data.

CO2 Correction: A refined representation of

transpiration for expected

changes in stomata

opening under higher am

oient CO, concentration.



Trend in annual precipitation over 1951-2010
(mm/year per decade)

-100-50 -25-10 =5-25 0 25 5 10 25 %0

: T (i
7 . , H’A ~ o
#, 7

17
9 2

. Significant . . Trend not
Solid Color trend Diagonal Lines statistically
. . significant
. Insufficient
White data 5

Romero-Lankao and others, North America. In: Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part B:



Difference from 1986-2005 mean (%)
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(2069-98) minus historical for these same models. For
the early twenty-first century (Fig. 11b), the precipitation
increases 5%-10% (10-30mm) over the northeast
United States. Less than a 5% 1ncrease occurs over the
western Atlantic associated with the midlatitude storm
track, while the largest percentage increase is over
northeastern Canada (10%-20%). By the late twenty-
first century (Fig. 11c), the largest increase of 35%-—
80% (40-100 mm season ') occurs in eastern Canada.
Over the northeast United States, the mean pre-
cipitation increases by 15%-25% by the late twenty-first
century. The number of relatively heavy precipitation
events (>25mmday ') over the northeast United
States increases by 50% by the early twenty-first cen-
tury and increases by 4-5 times by the late twenty-first
century (Fig. 11d). These results suggest that the po-
tential exists for a dramatic increase in the number of
extreme rainfall events over the northeast United
States during the next 50-75yr.

Maloney and 31 others, 2014: North American Climate in CMIP5 Experiments: Part Il
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Overall, 8.67 inches (19.9%) increase in average annual rainfall




Change in Temperature (°F)

Monthly Temperature
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Overall, an increase of 3.2 °F (1.77 °C)
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Percent Change in PET

Monthly Potential Evapotranspiration
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Mean Monthly Change Factors

Averages of 2035-2045 - 6 GCMs, 3 Scenarios
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The heaviest rainfall events have become more intense and frequent, especially over the last

three to five decades (Melillo et al., 2014)
Observed Change in Very Heavy Precipitation

e -nll

; U.S. Average

-5
1900s 20s 40s &0s B50s ODs
Decade

Charge (%)
[=]

AR
50
e ’ >
% U-4l_ll...l o Northwest . S0 - .
i 1900s 205 40s 6Ds 80s 00s B 1
2 (¥}
Alaska o £ N
] F ortheast
%%00s 205 405 60s 80s 00 Great Plains North §‘ o N 50
Decads -50 1900s 20s 40s 60s B80s O0s
1800s 20s ﬁmﬁdus 80s 0O0s Decade
e Midwest

50
1800s 20s 40s 60s B0s 00
l Bs d; 5 B

Change [%)
o =

Southwest

© Hawai'i “To00s 20s 405 60 B0s 00s
1000s 20s 40s 60 £0s 00s Decade |_
Decade a0
50
e Q F3
L4 3 B0
[ E‘ 0 H
= ) 2 Southeast
b , Great Plains South D o0s 208 4gs o6 s0s 00s

&
1900s 20 40s B0s 8&0s O0s
Decade

Decade
IO

Figure 2.17. Percent changes in the annual amount of precipitation falling in very heavy events, defined as the heaviest 1% of all daily
events from 1901 to 2012 for each region. The far right bar is for 2001-2012. In recent decades there have been increases nationally,

with the largest increases in the Northeast, Great Plains, Midwest, and Southeast. Changes are compared to the 1901-1960 average 1 5
for all regions except Alaska and Hawai'i, which are relative to the 1951-1980 average. (Figure source: NOAA NCDC / CICS-NC).
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Trend Detection in the Upper Tenth Percentile
of the Precipitation Distribution
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Slopes of Seasonal Intensity of Precipitation Trends in the Upper 10th Percentile in the

Chesapeake Bay Watershed (Lewis's method)

WINTER SPRING SUMMER

FALL

SLOPE

B > 0.002
I 00016 - 0.0020 ,:;g;zﬂj

-00011-00015@‘“2 |
%
0.0006 - 0.0010

Lj,.

"~ ]>00005 g% ﬁﬂ’ﬁg—g
é:f 4 fﬁ

Kendall p-value of Seasonal Intensity of Precipitation Trends in the Upper 10th Percentile in the

Chesapeake Bay Watershed (Lewis's method)
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In this research,
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Rainfall projections developed using

regression slopes
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Rainfall projections developed using
regression slopes
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Rainfall projections developed using
regression slopes
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Change in Average Annual Rainfall (2046-2055 vs. 1991-2000)
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Summary of Climate Change Runs

 Climate Scenarios Climate Scenarios

evaluated components Phase 5.3.2 Calibration
of: Precipitation Only
— Parameter Sensitivities Temperature & ET

— Spatial Variability CO, (Transpiration/Stomata)

Precipitation and Temperature &

ET
— Seasonal Variability All Variables

— Annual Variability

24



Percent Difference

50%

40%

30%

20%

10%

-10%

-20%

Watershed Average Annual Flow

Comparison of Climate Scenarios - FLOW

Precip Only

Temp & ET
Scenario Type

co2

Percent Difference

35%

30%

25%

20%

15%

10%

5%

0%

Climate Change Scenario CO2 Comparisons - FLOW

All Variables Precip & Temp & ET
Scenario Type

25



Percent Difference

Watershed Average Annual TN

Comparison of Climate Scenarios - TOTN Climate Change Scenario CO2 Comparisons - TOTN
30% T T T
251 8
25%
20%
20%
1% v
¥
s
g
@ 15%
£
10% (=]
T
@
g
©
5% & %
%
5%
5%
-10% ! ‘ . 0% . .
Precip Only Temp & ET Co2 All Variables Precip & Temp & ET
Scenario Type Scenario Type

26



Watershed Average Annual TP

Comparison of Climate Scenarios - TOTP
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Phase 5.3.2 and Phosphorous Loss
Estimator (APLE) Model Using HSPF
Projections (2045-2055).
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Phosphorous Loss Estimator (APLE)

Model Using HSPF Projections (2045-

2055)

1,200,000
1,000,000
800,000
600,000

400,000

Delivered Total P (pounds)

200,000

_

APLE (91-00)

APLE climate change

mS
mE
mPp
ER
m)J
my
| X
W

32



Phosphorous Loss Estimator (APLE)

Model Using HSPF Projections (2045-

2055)
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Gamma distribution

defined by:
K=1.0, 6=0.50 Shape Parameter (k), and Scale Parameter (0)
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Percent Change in Flow Per Decade
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Based on Table 5, Rice et al. 2012
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Gamma distribution is defined by:
Shape Parameter (k), and

Scale Parameter (0)
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