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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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Herrmann & Najjar, 2013

Fischbach et al., 2015
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Pruzinsky & Bhatt, 2013



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 ambient CO2 concentration.
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Romero-Lankao and others, North America. In: Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part B:
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Romero-Lankao and others, North America. In: Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part B:
6



Maloney and 31 others, 2014: North American Climate in CMIP5 Experiments: Part III

MEM for November to March

Historical : 1979-2004
Early 21 : 2009-2038
Mid 21 : 2038-2069
Late 21 : 2069-2098
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Maloney and others, 2014
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9Overall, 8.67 inches (19.9%) increase in average annual rainfall
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Overall, an increase of 3.2 °F (1.77 °C)
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Overall, a net increase of ~13%
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0.1697 inches per year =>  9.33 inches in 55 years (22% increase) 12



Mean Monthly Change Factors

Averages of 2035-2045 – 6 GCMs, 3 Scenarios

Averages of 2055-2065 – 6 GCMs, 3 Scenarios

Averages of 6 GCMs, 3 Scenarios, 2040 & 2060
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2100 CO2 for RCP 6.0 = 720 – 1000 ppm

 2050 CO2 = 402.8 + 191.2 = 594 ppm

An increase of ~ 230 ppm

1 http://www.carbonify.com/carbon-dioxide-levels.htm

Baseline (1991 - 2000) 
CO2

1 = 363.22ppm

Used Butcher et al. 2014 to adjust 
HSPF (LZETP) parameter

CO2, Stomata, and 
Transpiration
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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)
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Blunden, J., and D. Arndt (2014) Amer. Meteor. Soc.
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Trend Detection in the Upper Tenth Percentile 
of the Precipitation Distribution

Figure. Total Precipitation, Frequency, and Intensity Trends within the Upper 10th

Percentile in Three Counties within the Chesapeake Bay Watershed.

Figure. Total Precipitation within the Upper 
10th Percentile in Chesapeake Bay 
Watershed.

Frequency Intensity
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Trend Detection in the Upper Tenth Percentile

Observed Hourly Precipitation (1991 – 2000)

Probability

Precipitation (inches)

0.05

0.9

1.0

0.0 0.005

Rainfall projections developed using regression slopes

-- Observed
-- Projected
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In this research, 

historical 

precipitation 

data in the CB 

watershed over 

the last three 

decades was 

analyzed. 

Seasonal trends 

of precipitation 

intensity in the 

upper 10th

percentile were 

statistically 

significant and 

the slopes of 

trends were 

steepest for the 

summer and fall 
seasons. 
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23

Change in Average Annual Rainfall (2046-2055 vs. 1991-2000)



Summary of Climate Change Runs

Climate Scenarios

Phase 5.3.2 Calibration

Precipitation Only

Temperature & ET

CO2 (Transpiration/Stomata)

Precipitation and Temperature & 
ET

All Variables

• Climate Scenarios 
evaluated components 
of:

– Parameter Sensitivities

– Spatial Variability

– Annual Variability

– Seasonal Variability
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Watershed Average Annual Flow
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Watershed Average Annual TN
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Watershed Average Annual TP
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Watershed Average Annual TSS
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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)
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Phosphorous Loss Estimator (APLE) 
Model Using HSPF Projections (2045-
2055)
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Appendices 
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Gamma distribution
defined by: 
Shape Parameter (k), and Scale Parameter (θ)
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https://en.wikipedia.org/wiki/Gamma_distribution

Gamma distribution is defined by:

Shape Parameter (k), and

Scale Parameter (θ)
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