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Tropical Storm Lee accounted for 21%
of the P loss over the past decade.
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:;8 ‘T-_q Tropical Storm Lee accounted for 63%
' of the P loss in 2011.




Extreme rainfall greatly affects N and P loss
BMPs need to be assessed in the context of weather extremes
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Weather whiplash in agricultural regions drives

i deterioration of water quality
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phosphorus losses under climate change
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@TETRATECH Jon Butche

Resilient BMPs for a Changing Climate

« BMPs work by a variety of physical and
biological mechanisms

 These mechanisms determine how BMPs
are sensitive to climate drivers (e.g.,
rainfall volume and intensity,
temperature, soil moisture

* Evaluate climate response:

* Simulation models
Physical (Flow, [ - Biological (Plant, « Space for time substitution
Sizin o Soil ) .
J ) * Field experiments (rare to date)

Sensitivity - |s the practice and its

performance sensitive to the range of

potential change?

Adaptability - Can the practice be modified

* Research sponsored by EPA ORD over | 14 pe resilient to potential changes as they
the last four years emerge?

Timeliness - How short is the time line to

adapt to changes?

Change in Flow Change in BMP
and Load Performance
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CLEAR SOLUTIONS™
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Stormwater Infrastructure Cost, PUD, Harford Co.,MD
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complex world
| CLEAR SOLUTIONS™




@ TETRA TECH

6
4
2

0

TN Instream Load, kg-N/ha/yr
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No-till Crops
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Rural BMPs

Practice Removal Efficiency
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No-till Crops

Example: No-till on GA coastal plain: SWAT suggests little change in future TN load,

but practice effectiveness decreases due to changes in water balance

FUNCTIONS AND SENSITIVITIES

ECOSYSTEM ANALYSIS

Climate resilience
summary for

CLIMATE CHANGE EVALUATION

riparian buffers e Adaptation Strategies: Extend widths, disperse flow, increase upstream
erosion control, adjust species composition

e C(Climate Adaptation Potential: High
e Overall Climate Sensitivity: Medium

e Timeliness: Long-term, can’t quickly adjust

TIONS™
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Anticipated changes in Bay watershed agricultural
systems in response to changing climate

Expanding use of winter cover crops

e Better window for establishment after summer crop
harvest

More double cropping

e Soybeans after small grains

e Harvesting winter covers crops, like rye, for dairy forage
Greater diversity of crops grown

e Limited based on markets for crops or feed need for
livestock/poultry

Expanded use of irrigation
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Possible impacts on current BMP efficiencies

Annual management practices (largest group of ag
BMPs) most flexible for adaptation to climate change.
e For example: Nutrient management BMP give credit for

adaptive approaches that improve timing and efficiency
of nutrient inputs

Efficiencies of structural BMPs (such as grassed
waterways, barnyard runoff control) and vegetative
buffers may be altered by changing rainfall intensities
and temperature cycles.

e Maybe biggest challenge for modeling ag BMPs



Watershed Diagnostics for Improved
Adoption of Management Practices:
Integrating Biophysical and Social Factors

ADEL SHIRMOHAMMADI (CO-PI)- (ENST-UMD)
PROFESSOR, ASSOC. DEAN FOR RESEARCH AND ASSOC. DIRECTOR OF MAES
PAUL LEISNHAM (PROJECT PI)-(ENST-UMD)
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OTHER CO-PIS:
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SEVERAL COLLABORATORS

NIWQP: 2012-51130-20209; $631,500
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Paul Leisnham, Hubert Montas,
Socio-Ecology  pjggnostic Tools
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Hydrology
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David Lansing, UMBC
UMBC Sociology
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Jaison Zhongrun
Rekenberger, Xiang,
Diagnostic Tools Modeling
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Talk Outline

1. Background

2. Impacts of climate change on pollution Critical Source
Areas (CSAs)

3. Impacts of climate change on Best Management
Practice (BMP) effectiveness

4. Competing views on water pollution and BMPs
among stakeholders



DDSS Development

_ Excess Export Prescription * DDSS will rank environmental
_Study Area Spatial Database LR L e causes to pollution and
= prescribe a BMP allocation
——ms plan

S _ * Geo-referenced biophysical
Dynarmic ey e e and land management data

Models

_ — Diagnosis
== Expert System .

Pollutant Hot Spots BMP Allocation Plan e Simulate watershed

responses to selected

stressors

Components: GIS, Models, Expert Systems
Models: SWAT (SUSTAIN, AQUATOX, FIBI, EPA BASINS) « Identify CSAs & prescribe

Expert Systems: MATLAB (predicate calculus to decision appropriate BMPs
trees)

* More “bang for the buck”




Climate Change Forecasts for the
Northeastern United States

I* Elevated concentrations of atmospheric CO,

> Elevated mean temperature
I Increased mean rainfall

I~ Shift in seasonal rainfall patterns
o Wetter spring
o Drier late summer

I Increases in extreme weather events



NOAA — National Climate Date Center

Maryland, Precipitation, June-August
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Cum. Change in Precipitation for June-August=-1.31” [June (-0.18), July (-0.49), August (-0.65)] per Century

http://www.ncdc.noaa.gov/temp-and-precip/time-
series/index.php?parameter=pcp&month=8&year=2002&filter=3&state=18&div=0
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http://www.ncdc.noaa.gov/temp-and-precip/time-series/index.php?parameter=pcp&month=8&year=2002&filter=3&state=18&div=0

NOAA — National Climate Date Center

Marvland, Precipitation, March-May
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Cum. Change in Precipitation for March-May = 1.33” [March (0.47), April (0.18), May (0.67)] per Century

http://www.ncdc.noaa.gov/temp-and-precip/time-
series/index.php?parameter=pcp&month=8&year=2002&filter=3&state=18&div=0



http://www.ncdc.noaa.gov/temp-and-precip/time-series/index.php?parameter=pcp&month=8&year=2002&filter=3&state=18&div=0

Model Construction and Analysis

Topography/DEM 10 meter ArcGIS Spatial Data Analysis

Landuse/Land Cover NLCD 2006 HRU (Graphics and Database)
Soils NRCS SSURGO ArcSWAT Model development

Weather (Calibration) 3 stations NCEP CFSR ST syt e CenerEien
Flow, Nutrients and 1 USGS Gauging SWAT-CUP Model calibration
Sediment Station Greensboro (SUFI-2 Method) CD
Climate Change CMIP3 (B1, A1B, A2) SWAT Experimental engine
GFDL-CM2.1 (Mid and End Century) (SWAT.exe)

Downscaled climate predictions from global model based around 3 IPCC
scenarios that lead to low, medium, and high future levels of CO,

Model Validation

=  Warm-up (2 yrs): 1/1/2005 to 12/31/2006

= Validation Period (6 yrs): 1/1/2005 to
12/31/2010

Model Calibration
= Warm-up (3 yrs): 1/1/1990 to 12/31/1992
= Calibration Period (15 yrs): 1/1/1990 to 12/31/2004



Impacts of Climate Change on
Pollution CSAs

Renkenberger et al., 2016. Climate change impact on critical source area
identification in a Maryland watershed. Transactions of ASABE, Vol 59 (6): 1803-1819.




Definition of a Critical Source Area (CSA)

An area that exports a target pollutant at concentrations
significantly above average

Rank  SurQ (mm H20) TSS (tonnes/ha/yr) TN (kg/ha/yr) TP (kg/ha/yr)

Top 10% >406 >1.03 >24 >1.9
Top 20% >359 >0.73 >16 >1.6

Top 10%: Value for which the top ~770 HRUs is separated from the other 7705 HRUs
Top 20%: Value for which the top ~1540 HRUs is separated from the other 7705 HRUs

Always defined a watershed area (or HRU) a CSA if it exported
a given pollutant at or above these fixed thresholds



Surface Runoff & Total Suspended Solids
% Change in Area: SurQ: 21%-81% (3.9x), TSS: 18%-45% (2.5x)

% Change on Export: SurQ: 31%-89% (3x), TSS: 46%-81% (1.5x)
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25 30% T ralnfall

r—— I % ::‘ V.{A\ 7 % S I I ‘—w;; 7
Greensboro CSAs (Current Day and End Century) "” Greensboro CSAs (Current Day and End Century) ”&
l O <] e 3““‘"“‘ O R 7] g

T - Surface Runoff (mm/Ha-Yr) o s - Total Suspended Solids (Tonnes/Ha-Yr) | ; s
[ { Z | f = P f |
= o |L_0-358 [E1359- 406 407 -1000 \ - [ 10.00-0.72 {1073~ 1.02 103 -500.00 \ 1

gl L Iites | N g ' B REpE e , "3 : i\ |

0o 1 2 4 [ 8 7 A j 3 1o 1 2 4 5 3 55 " - : : j
Sphrqes: USGS National Ilap}hewer, USGS Water Resources, mwumv,e'nlty tamu.edul), and ArcOnline. - n:nnwj o syurees USGS Natlonal Map}hewer USGS Water Resources mwunlvprslty edu/), and ArcOnline. > u:m.,..i;,a




Nitrogen & Phosphorous
% Change in Area: TN: 11%-41% (3.7x), TP: 13%-32% (2.46x)

% Change in Export: TN: 31%-72% (2.3x), TP: 39%-66% (1.7x)

Present Day CSAs . SRES A2/A1B ‘ End Century CSAs
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Impacts of Climate Change on
BMP Effectiveness

Renkenberger et al., 2017. Effectiveness of BMPs with Changing Climate
in a Maryland Watershed. Transactions of ASABE, Vol 60 (3):769-789.




Targeting Method: Dense CSAs

Critically Dense Areas at the top 20% Breakpoint Value
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Targeting Dense CSAs of Today

We will meet TMDL targets if we ignore CC, but miss TMDL targets by 64-143% under
Future Scenarios. We target 31% of area with BMP Eff% TSS = 61%; TN = 79%; TP = 43%

Residual CSA Density w:th Baseline BMP Design Subjected to Current A1B and A2 Climate Conditions
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Targeting Dense CSAs of the Future

If we target CDA under high emissions, we address CSAs now and in future and

meet TMDLs. Under this option we target 58% of watershed area instead of 31 %.

BMP eff. of 82%, 74% and 72% for TSS, TN and TP, respectively

Residual CSA Density with A2 BMP Design Subjected to Current, A1B and A2 Climate Conditions.
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