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1. Conowingo Infill: A draft assessment of the 
delivery of nutrients and sediment for different 
infill conditions, including the dynamic 
equilibrium, was made using the Draft Phase 6 
watershed model.

2. Climate Change: The Draft Phase 6 watershed 
model was used for the assessment of changes in 
the delivery of flow, nutrients and sediment with 
the 2025 projections of rainfall and temperature.
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 The modeling workgroup has made four key 
decisions for the simulation of Conowingo infill:

 The Lower Susquehanna Reservoirs are now in the state 
of dynamic equilibrium (no long-term trapping) [1][2][3].

 The information on changes in the trapping capacity 
provided by USGS-WRTDS should be used in the the 
model calibration [1][2][3].

 Constant delivery factors should be used for scenarios 
involving both increases or decreases in the sediment 
and phosphorus inputs [4].

 Use of a flow dependent dynamic G-series response for 
the organic- nitrogen, phosphorus, and carbon [5].

1. Conowingo Infill
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 In the June modeling workgroup conference call, a detailed 
presentation was made to describe the elements of 
Conowingo reservoir calibration [1].

 In this work, an assessment of the delivery of nutrients and 
sediment under different infill conditions, including the 
dynamic equilibrium, was made using the Draft Phase 6 
watershed model.

 The model was used for estimating the nutrients and 
sediment delivery for the following infill states –
 True-condition (calibration)
 1990s infill condition
 2010s infill condition
 Dynamic equilibrium (no net trapping)

 The results are preliminary as they are based on currently 
available information that is subject to revisions by the 
partnership.

4[1] http://www.chesapeakebay.net/channel_files/25164/20170615_-_bhatt_kh_-_cbp_-_mwcc_-_draft_phase_6.pdf 

Simulation of Conowingo infill in Phase 6



The annual and monthly Nash-Sutcliffe efficiencies (NSE) for the suspended solids and phosphorus confirm good model performance.

NSE of monthly sediment loads

NSE of annual sediment loads

= 0.974

= 0.971

NSE of monthly phosphorus loads

NSE of annual phosphorus loads

= 0.937

= 0.958
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Phase 6 Calibration and WRTDS estimates
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Simulated responses for different infill conditions

True-condition watershed WIP2-condition watershed

True-condition watershed WIP2-condition watershed



Lower Susquehanna Reservoirs – 2010 WIP2
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(calibration)
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Lower Susquehanna Reservoirs – Transport Factors

𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝐹𝑎𝑐𝑡𝑜𝑟 =
𝑂𝑢𝑡𝑝𝑢𝑡

𝐼𝑛𝑝𝑢𝑡

1985 – 2014 1990s Infill True Condition 2010s Infill
Dynamic 

Equilibrium

Suspended Solids 0.308 0.597 0.757 0.998

Phosphorus 0.536 0.707 0.791 0.998

1991 – 2000 1990s Infill True Condition 2010s Infill
Dynamic 

Equilibrium

Suspended Solids 0.277 0.413 0.741 0.987

Phosphorus 0.530 0.632 0.787 0.996
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The dynamic equilibrium transport factor for the 1991-2000 average hydrology period is slightly lower 
than that for the 1985-2014 period.



 The Draft Phase 6 watershed model was used to 
estimate the changes in the delivery of flow, 
nutrients and sediment with the 2025 projections 
of rainfall and temperature.

 For the 2025 rainfall projections, STAC has 
recommended the use of extrapolations of long-
term historical trends.

 For the changes in temperature an ensemble 
analysis of CMIP5 projections was recommended.

2. Climate Change
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Major Basins PRISM Trend

Youghiogheny River 2.1%

Patuxent River Basin 3.3%

Western Shore 4.1%

Rappahannock River Basin 3.2%

York River Basin 2.6%

Eastern Shore 2.5%

James River Basin 2.2%

Potomac River Basin 2.8%

Susquehanna River Basin 3.7%

Chesapeake Bay Watershed 3.1%

Rainfall projections using the trends in 88-years of annual PRISM[1] data

Change in Rainfall Volume
2021-2030 vs. 1991-2000

PRISM	(red	dots)	and	NLDAS	(blue	dots)	data	are	shown

[1] Parameter-elevation Relationships on Independent Slopes Model 

Kyle Hinson



An ensemble of GCM projections from BCSD CMIP5[1]

 A minor revision was made to 
remove inconsistencies in the 
selection of downscaled GCMs.

	

Ensemble	members	in	prior	analyses	
ACCESS1-0	 FGOALS-g2	 IPSL-CM5A-LR	
BCC-CSM1-1	 FIO-ESM	 IPSL-CM5A-MR	

BCC-CSM1-1-M	 GFDL-CM3	 IPSL-CM5B-LR	

BNU-ESM	 GFDL-ESM2G	 MIROC-ESM	
CanESM2	 GFDL-ESM2M	 MIROC-ESM-CHEM	

CCSM4	 GISS-E2-H-CC	 MIROC5	

CESM1-BGC	 GISS-E2-R	 MPI-ESM-LR	
CESM1-CAM5	 GISS-E2-R-CC	 MPI-ESM-MR	(1,	2,	and	3)	

CMCC-CM	 HadGEM2-AO	 MRI-CGCM3	

CNRM-CM5	 HadGEM2-CC	 NorESM1-M	
CSIRO-MK3-6-0	 HadGEM2-ES	 	

EC-EARTH	 	 INMCM4	 	

	

Updated	Ensemble	members	
ACCESS1-0	 FGOALS-g2	 IPSL-CM5A-LR	
BCC-CSM1-1	 FIO-ESM	 IPSL-CM5A-MR	

BCC-CSM1-1-M	 GFDL-CM3	 IPSL-CM5B-LR	

BNU-ESM	 GFDL-ESM2G	 MIROC-ESM	
CanESM2	 GFDL-ESM2M	 MIROC-ESM-CHEM	

CCSM4	 GISS-E2-H-CC	 MIROC5	

CESM1-BGC	 GISS-E2-R	 MPI-ESM-LR	
CESM1-CAM5	 GISS-E2-R-CC	 MPI-ESM-MR	

CMCC-CM	 HadGEM2-AO	 MRI-CGCM3	

CNRM-CM5	 HadGEM2-CC	 NorESM1-M	
CSIRO-MK3-6-0	 HadGEM2-ES	 	

EC-EARTH	 	 INMCM4	 	

	

Data	unavailable	

	

GCM	Used	

	

Selection	updated	

Kyle Hinson

32 member 
ensemble

31 member 
ensemble

Reclamation, 2013. 'Downscaled CMIP3 and CMIP5 Climate and Hydrology 
Projections: Release of Downscaled CMIP5 Climate Projections, 
Comparison with preceding Information, and Summary of User Needs', 
prepared by the U.S. Department of the Interior, Bureau of Reclamation, 
Technical Services Center, Denver, Colorado. 47pp.
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[1] BCSD – Bias Correction Spatial Disaggregation;
[1] CMIP5 – Coupled Model Intercomparison Project 5
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2025 climatic projections summary for Chesapeake Bay Watershed
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The central tendency of the projections for the changes 
in rainfall volume based on the 31 member ensemble 
median, P50, matches well with the extrapolation of 
PRISM’s 88-year trends.

The rainfall uncertainty bounds (P10 and P90) of the 
ensemble members show wide range.

The central tendency of the temperature increase is 
potentially bit higher.



Temperature trends for the six states
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NY +0.90°C

PA + 0.76°C

WV +0.67°C
MD +0.85°C

DE 0.81°C

VA 0.67°C

NOAA National Climatic Data Center
https://www.ncdc.noaa.gov/temp-and-precip/state-temps/

Annual temperature for 
1895 to 2015 are shown.

Approx. increases 
over the last 30 years 

based on the trend 
line are shown.



Model results: flow to rivers and the Bay
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1940-2014 streamflow trends based on observations

The study analyzed USGS GAGES-II data for a subset of Hydro-Climatic Data Network 
2009 (HCDN-2009).

Annual average percent change were calculated using Sen slope (Helsel and Hirsch, 2002).

Lins, H.F. 2012. USGS Hydro-Climatic Data Network 2009 (HCDN-2009). U.S. Geological Survey Fact Sheet 2012-3047. https://pubs.usgs.gov/fs/2012/3047.
Helsel, D.R., and R.M. Hirsch. 2002. Statistical methods in water resources. Techniques of water resources investigations, Book 4. Chap. A3. U.S. Geological Survey. https://pubs.usgs.gov/twri/twri4a3.

U.S. Environmental Protection Agency. 2016.
Climate change indicators in the United States, 2016. Fourth 
edition. EPA 430-R-16-004. www.epa.gov/climate-indicators.



Model results: nitrogen to rivers and the Bay
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Jessica Rigelman – CAST for the application of Phase 6 sensitivities
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Model results: phosphorus to rivers and the Bay
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Jessica Rigelman – CAST for the application of Phase 6 sensitivities



Model results: suspended solids to rivers and the Bay
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Summary and Conclusions

 The results shown were based on the Draft Phase 6 Watershed 
Model.

 The simulations for a range of Conowingo infill conditions were 
made, leading to the evaluation of the changes in the delivery of 
nutrients and sediment, for both true-condition (calibration) and 
2010 WIP2.

 The increase of about 1.7 million pounds phosphorus is 
consistent with the previous analyses (2 million pounds) going 
back to 2015.

 Climate change simulations for 2025 were updated, as well as the 
uncertainty bounds were included in the assessment.

 Nutrient load increases under the estimated 2025 climate change 
conditions are negligible. Sediment loads are estimated to 
increase by about 4% under the same condition.
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Appendices 
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 The Draft Phase 6 watershed model was used for 
the simulation of 2010 WIP2 scenario.

 2010 WIP2 scenario results are preliminary draft as 
they are based on currently available information 
that is subject to revisions by the partnership.

X. 2010 WIP2 scenario
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