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Abstract

Each state and district within the Chesapeake Bay watershed has cooperated with the Chesapeake Bay Program (CBP) to
develop local Watershed Implementation Plans (WIPs) that identify the type and quantity of best management practices
(BMPs) that, if implemented, are estimated to meet 2025 Total Maximum Daily Load (TMDL) goals for Bay water quality.
However, top-down management of large regions, such as the 167,000-km2 Bay catchment, is often necessarily limited by the
feasibility of providing implementation plans that are customized by watershed hydro-physiographic characteristics and socio-
political considerations. The Bay simulation model divides the catchment into watersheds of approximately 350 km2 each;
these watersheds become the Bay model’s smallest overland management unit. We used Bay WIP plans, local information,
and a hydrologic model called Topo-SWAT to model three of these smallest-unit watersheds in more local detail. Our smallest
management unit became contiguous, similarly managed, cropland areas (i.e., one or several neighboring agricultural fields)
and these management units were further divided by the topographic wetness index. Our watersheds represent three distinct
hydrological and geochemical regions within the Chesapeake Bay catchment, namely Appalachian Valley and Ridge — karst,
Appalachian Valley and Ridge — nonkarst, and Appalachian Piedmont. We modeled three scenarios for each watershed: baseline
(pre-WIP), WIP implementation, and “smarter” WIP placement where we targeted BMP placements for cost-effectiveness. We
then compared results among scenarios as well as across watersheds. We are interested to see how well the models agree at
the watershed outlet, discover cost-effective BMP placements within each watershed that meet WIP goals, and compare our

findings across the physiographic regions to determine how they can guide regional planning.
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Each state and district within the Chesapeake Bay watershed has cooperated Via community workshops, Penn State Center for Nutrient Solutions (CNS) actively engaged of lOWCI'-COSt, management-based BMPs

with the Chesapeake Bay Program (CBP) to develop local Watershed stakeholders to determine preferences for using limited resources to achieve water quality :
Implementation Plans (WIPs) that identify the type and quantity of best improvement goals. This information, in combination with state WIP goals, guided model N management —
management practices (BMPs) that, if implemented, are estimated to meet scenario development and enabled locally-relevant land management recommendations.

2025 Total Maximum Daily Load (TMDL) goals for Bay water quality. PA Phase I Scenario B Scenario C

However, top-down management of large regions, such as the 167,000-km? Bay

. . .. et e .- WIP guide for watershed  WIP as simulated in SWAT placement in SWAT
catchment, 1s often necessarily limited by the feasibility of providing BMP

BMP Targetha USD/ha Converted ha Cost(USD) Converted ha @ Cost (USD)

implementation plans that are customized by watershed hydro-physiographic Tactics B Landscape Changes D cover crops 1520 $  55.00 1520  $83,600 3692 $203,066
characteristics and socio-political considerations. The Bay simulation model 7 40 385 $2,849

S

. . . . 2 s
divides the catchment into Watersh’eds of approximately 350 km each;. these Cover Crop enhanced N mang. S 6.90 6154 $42.459
watersheds become the Bay model’s smallest overland management unit. We no-till management S  7.40 261 $1,931 1296 $9,590 N
used Bay WIP plans, local information, and a hydrologic model called Topo- Nutrient land retirement $ 299.40 1473 $440,887
S
S
S
S

conservation tillage 385

mMmanageme...
29.00 97 52,823 3692 $107,071 150

SWAT to model three of these smallest-unit watersheds in more local detail. Grass buffer - Input - Nutrient - manure injection
195.00 24 $4,746 Wetland

Our smallest management unit became contiguous, similarly managed, Strategies HEERE trees outside buffer
cropland areas (i.e., one or several neighboring agricultural fields) and these Land forest buffer 90.00 183 $16,430 restoratio Wetland
management units were further divided by the topographic wetness index. Our retirement grass buffer 63.00 134 58,434
watersheds represent three distinct hydrological and geochemical regions within Total 4077  $561,701 Land Manure
the Chesapeake Bay catchment, namely Appalachian Valley.and Ridge -- karst, Manure ] retirement injection| Land Manure
Appalachian Valley and Ridge — nonkarst, and Appalachian Piedmont. We . Aquatic L e — injection
modeled three scenarios for each watershed: baseline (pre-WIP), WIP Injection - Ecosy.s.tem

implementation, and “smarter” WIP placement where we targeted BMP Conditions PA Phase Il Scenario B Scenario C Grass buffer anUre
placements for cost-effectiveness. We then compared results among scenarios as N management

well as across watersheds. We are interested to see how well the models agree at

the watershed outlet, discover cost-effective BMP placements within each No till
watershed that meet WIP goals, and compare our findings across the

physiographic regions to determine how they can guide regional planning.

restoratio

Grass buffer Spring manure
WIP guide for watershed  WIP as simulated in SWAT placement in SWAT

Ecosystem BMP Targetha USD/ha Converted ha Cost(USD) Converted ha @ Cost (USD)
Services -

Cover crop

| Cover crop

55.00 4131 $227,228 2453 $134,940
. oncwago
7.40 5346 539,563 Kg/ha/yr reduction m==== Nitrogen @ = Phosphorus === Sediment g

Spring manure enhanced N mang. 6.90 4907 $33,858
no-till management 356 7.40 470 $3,477 4416 $32,680

S
S
S
S
Case Stud Watersheds . : land retirement 2509 $ 299.40 2194  $656,754
y Wetland - Economic Analysis - s
:
S
S

cover crops 3981
conservation tillage 5340

) manure injection 185 29.00 202 $5,868 2944 $85,380 O .
Spring Creek Watershed restoration trees outside buffer 356 $ 195.00 385  $75168 Quantifying Current Impact Boosts Morale

90.00 23 $2,044 nnual mean difference (Conventional Tillage-Scenario A)

forest buffer 2509
. . di /ha/
Figure 3. Schematic of overall research and engagement approach. grass buffer 185 63.00 236 514,868 $10,962 s T

s AN 3 g YO s Total 15421 12988 $1,024,969 $297,820 03-08 /"

Ridge & Valley - karst (limestone residuum in valleys and shale/sandstone 0.9 - 17
colluvium on ridges): 371-km? watershed supports a mixed land use, with 1.8-25

3 stable forest cover, but shifting agricultural lands to urban development. 2.6 ,,-:,',3.6
P : : . : Conewago i
Mahantango £ Mahantango Creek Watershed Scenario Modeling with Soil & Water Assessment Tool 7

Creek

PA Phase Il Scenario B Scenario C

wipP guide fOf watershed WIP as simulated in SWAT placement in SWAT nnual mean difference (Conventional Tillage-Scenario A)
Total N (kg/ha/yr) -

Ridge & Valley - nonkarst (acid shale and sandstone residuum and Dlgltal ' 3 | | . BMP Target ha USD/ha Converted ha Cost(USD) = Converted ha Cost {usn' <=07
colluvium): 420-km? watershed contains low livestock densities but steep & s . : s
slopes, making row crop management a high priority. Elevation

Esri,HERE, Del'orme,.Intérmap, increment P Corp:; GEB'CD',’['J\SGS, FAO, NPS, NRCAN,
-1GN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri,China (Hong Kong), swisstopo,

55.00 1243 568,372 1629 $89'607 2? :‘:104 J i 2 =1 - ‘.";.: /‘// \ dia, ©® OpenStreetMap contributors; and the GIS User Communi ity.
7.40 670 $4,958 11.5-47.4 o - ,

cover crops 1301

conservation tillage 670 1752260

j-=26.1

Model Slope classes Land use

Conewago Creek Watershed 3 enhanced N mang. 6.90 0 3394 $23,420
‘ B 4t | no-till management 670 7.40 670 $4,958 815 $6,028 : i
nnual mean difference (Conventional Tillage-Scenario A)

S
S
S
S
land retirement 399 S 299.40 771 $230,837 e \ : Total P (kg/ha/yr)
$ |
S
S
S

. - <=0.2 U
29.00 84 $2,436 2037 $59,059 A Y o o e, 0.3 - 0.6

- apmylndia, ® OpenSt 10.7-1.8
195.00 47 $9,165 1.9-29

3.0-43

o R e S R R N N
: N A o e DL I e G manure injection

( metamorphic residuum and colluvium): 135-km? s ide buff
watershed, a USDA-NRCS “Chesapeake Showcase Watershed,” is ‘__.'-" trees outsiae buffer

dominated by small farms with a diverse mixture of crops and pasture. P . P . : forest buffer

90.00 45 $4,050 ity ol
63.00 45 $2,835 $5,670
Total 3575  $327,611 $183,784

Figure 1. Chesapeake Bay and selected case study watersheds. W | grass buffer

2017 OVEI‘Sight Status I Ongoing Enhanced [l Backstop
Hydrologic Response

(44 ” .
Agriculture Urban/Suburban Wastewater Trading/Offsets Unit (HRU) generation Smart placement Of WIP management based BMPS
PR SN Y AR Yl Ongoing Oversioht il Ongoing Oversight - improves nutrient reductions, and costs less.

District Of | N A4

. Not Applicable Ongoing Oversight Ongoing Oversight Ongoing Oversight .
Columbia | | =2 € it = 5 g Specify model run :
. _ Spring Creek

L EYSUE Tl Ongoing Oversight [ ZILENNC TR S Ongoing Oversight [l Ongoing Oversight duration, time step, and Write all
additional outputs input tables

New York [elalelellgle ROIVTE 6] Ongoing Oversight Enhanced Oversight ~ [8lalelsiiale RoiT= &l oy BMP cost
Backstop Actions Backstop Actions \

Pennsylvania Covil Davil Ongoing Oversight Enhanced Oversight

V4141V El Ongoing Oversight Ongoing Oversight Ongoing Oversight Ongoing Oversight _

West Virginia [Shle[cilleNOIT-I6H (o  K@lglelellaleNOM=IEH e} Ongoing Oversight |l Ongoing Oversight Total N Total P Sediment

Lessons Learned & Major Outcomes

50 “* We can meet Bay’s target load reduction at lowest cost by

% No-till: reducing periods of soil disruption and bareness
TMDL goal % Protecting stream edges

% Making the most of manure and nutrients

(incorporation and precision application)

% Reduction from
Scenario A (baseline)

¢ In-field management changes => low cost and big reward

(improve soil health, reduce nutrient and erosion losses)
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Relative Importance of Practices to BMP cost
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