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ABSTRACT

The Chesapeake Bay has been at the forefront of large-scale efforts to reverse human-induced eutrophication in coastal waters.
While significant progress has been made, 15years of intensive implementation efforts reveal that outcomes in many areas have

fallen short of water quality goals. Future program goals and implementation plans will increasingly be challenged by uncertain-
ties and limits in the effectiveness of nonpoint source programs and in the estuaries' response to changing pollutant inputs and

environmental conditions. This paper argues that policy changes are needed to adapt to these management realities. We outline

three policy alternatives—tiered implementation of an existing Total Maximum Daily Load (TMDL), changes in the accounting
and modeling of nonpoint sources, and policy sandboxing—that together offer practical pathways to accelerate learning and

improve outcomes of implementation programs.

1 | Introduction

Since the 1980s, funding and regulatory programs to improve the
living resources! of the Chesapeake Bay have focused primarily
on reducing anthropogenic eutrophication. In the 1990s, the fed-
eral government and states developed a modeling and planning
process to guide programs to reduce point and nonpoint nitro-
gen (N) and phosphorus (P) loads (sediment was added later).
In the early 2000s, the U.S. Environmental Protection Agency
(EPA) and the Bay states refined Bay water quality standards
(USEPA 2003a, 2003b, 2004) with numeric water quality criteria
for dissolved oxygen (DO) and water clarity that were deemed
sufficient to support an end goal of protecting living resources
(called the “designated use” of the waterbody). Less than a de-
cade later, EPA determined the standards had not been met.
EPA mandated Bay-wide N and P load targets as authorized
under section 303d of the federal Clean Water Act (CWA) called
Total Maximum Daily Load (TMDL) (USEPA 2010). The load

reductions mandated by the TMDL were informed by a suite
of deterministic models that relate nutrient load reductions to
achievement of Bay water quality criteria (USEPA 2010; Hood
etal. 2021).2 EPA recognized uncertainties in the complex causal
chains linking nutrient management intentions to changes in
estuarine water quality and used what was considered “conser-
vative” estimates of key model parameters (USEPA 2010). The
federal, state and local partnership, called the Chesapeake Bay
Program (CBP), then agreed to implement management actions
by 2025 that the EPA's model estimated would achieve the TMDL
target and water quality criteria at a future, unspecified date.

These efforts have produced notable successes in reducing nu-
trient pollutants in the face of increased human and animal
populations and associated land use change, climate change,
and other stressors. Federal CWA regulatory requirements have
motivated state and local governments to spend billions of dol-
lars upgrading public wastewater treatment plants to tertiary
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treatment levels. Consequently, N and P loads from wastewater
treatment (“point” sources) have fallen dramatically since 1985
(Sabo et al. 2022; Zhang et al. 2023). Atmospheric N deposition
has also been dramatically reduced, driven by Clean Air Act re-
quirements for cleaner fuels in the electric utility sector. Billions
of dollars of federal and state grant support have facilitated the
installation of agricultural and urban best management prac-
tices (BMPs).

Despite the level of effort, water quality improvements in the
Bay have lagged behind expectations. Although EPA models
estimate that N and P loads have been reduced between 1985
and 2023, loads remain well above the TMDL targets. As of
2022, only 30% of the tidal portions of the Bay have attained
water quality criteria, a level only slightly above 1985 conditions
(CBP 2025). This situation has brought new attention to the
technical and economic feasibility of achieving TMDL targets
and attaining Bay water quality standards.

A recent consensus scientific report released by the Chesapeake
Bay Program Science and Technical Advisory Committee
(STAC) reviewed empirical evidence to identify the reasons for
the limited progress toward achieving Bay water quality goals
(STAC 2023). While water quality changes are directionally
correct, the magnitude of improvements has not matched the
expectations made by the CBP model. The report concludes
that failure to achieve TMDL nutrient targets stems from the
inability to substantially reduce agricultural and urban non-
point source nutrient loads. Accumulated evidence highlights
the uncertainties and limitations in achieving sufficient behav-
ioral change and converting nonpoint source management ac-
tions into nutrient reductions (Easton et al. 2025). Within the
estuary, nutrient load reductions have likewise not produced the
expected water quality improvements for a number of possible
reasons (STAC 2023).

This paper outlines practical approaches to planning and imple-
mentation that directly address these uncertainties, while con-
tinuing to improve water quality and living resource outcomes.
Three policy alternatives are offered. First, given the uncer-
tainty in achieving Bay water quality goals, we propose a tiered
approach to TMDL implementation that establishes interim nu-
trient reduction targets aimed at enhancing living resource out-
comes. Second, we propose developing new progress indicators
that shift focus from modeled to observable outcomes, more di-
rectly acknowledge uncertainty, and incentivize improvements
in reducing nonpoint source load. Third, we recommend admin-
istrative sandboxing as a mechanism to encourage and facilitate
policy experimentation and development. Each alternative ad-
dresses an epistemic uncertainty in achieving Bay water qual-
ity goals.

These alternatives are illustrative, not exhaustive, of the possi-
ble responses to uncertainties in achieving water quality goals.
The alternatives are consistent with an adaptive management
approach, built on flexible and phased approaches to implemen-
tation that rely on “learning while doing” (NRC 2001; Shabman
et al. 2007; Freedman et al. 2008). We emphasize options that
not only offer promise to improve program outcomes but that
are administratively feasible within existing regulatory and ad-
ministrative structures.
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2 | Uncertainties in Achieving Chesapeake by 5~
Water Quality Goals

dn

2.1 | Current Chesapeake Bay Water Quality PQ}E
The living resource designated use (DU) of the Bay is expr@

as five major habitat types of the Chesapeake Bay and 1ts§da1
tributaries that support assemblages of aquatic orgarsm
(USEPA 2003a): shallow water (Bay grass use), open ‘mte

(fish and shellfish use), deep water (seasonal fish and she h:_;. -
use), deep channel (benthic invertebrates), and migr&br isHD
(spawning and nursery use) (Figure 1). The numeric Werter ali—
ity criteria (WQC) that are defined to secure attalnmﬂit t&thv
designated use (DU) in each of the five habitat typ@m
numeric values for DO, water clarity/submerged aqu¥ftic %eq
tation (SAV), and chlorophyll a (chl-a) (Tango and Bat&’k m3}.<
Multiple DO criteria apply across the habitats, while the'fﬁar
ity/SAV and chl-a apply to specific habitats (i.e., shalleyv teE
and select regions of the open water habitat, respecti@®ly) he‘F
Bay is further divided into 92 spatial segments (Figurﬂl),\ith<
each being assigned up to five habitat types, as apgfopriite
Thus, full attainment of the Bay water quality goaliJeq,
meeting multiple DO, water clarity/SAV, and chl-a ¢Mtersd irt=
five different habitats, and across 92 different regions ( mtsp
of the Bay. <

In planning to meet the WQS, Bay nutrient reducgnﬁmc
grams have historically focused on meeting deep mteylﬁ)%
criteria in the main channel (Linker et al. 2013). Thgye £egs3
are the most susceptible to summer hypoxia and ar@le ost
challenging criteria to attain. The CBP estimates thuff
nutrient loads from across the watershed based onﬁovﬂh
loads influence DO in the deep-water habitats, refefird @ Afg =
eutrophication units. Final TMDL nutrient targets gdaerm o
by deep water DO targets, with modeling suggestlng{ﬂlaﬁﬂll}
lions of additional kilogram load reductions are r(eqd@ t(Og<
bring these areas into attainment (USEPA 2010). Tﬁecl&vq\) E
the TMDL, state and federal agencies rely on permi
grams that establish numeric effluent limits on ¢@u
wastewater treatment plants. Bay jurisdictions alsgre@1r£<
urban municipal and industrial stormwater syste e
velop plans to reduce nutrient loads. Even when a v@t@i}p’
is designated as impaired under the Clean Water Ac PDlaer 3
limited legal authority to impose regulatory requir on,.|.
agricultural nonpoint sources through the TMDL3)1'O ssm O
Except for large confined animal feeding operations QAEQs),
the CWA exempts most agricultural runoff from feddramer:
mitting requirements. Instead, implementation reli€s lalgely=s
on state and local voluntary programs, often supIEteﬁJbB -
federal funding and incentives. Agricultural nonpoia sq&(cdﬂ —
incentive programs compensate land managers for gpor.q,plﬂ)
of the cost to install a BMP (Shortle et al. 2012; Rlba%o mlSD_ ~
Ribaudo and Shortle 2019). Ul
= N N
c 1

The absence of regulatory authority over agricultural nO =
point sources presents a challenge to the federal governtmen
in securing nutrient reductions. To provide reasonabl@yas=-
surances that nonpoint source reductions will be achi&fad="
EPA and the Bay jurisdictions agreed to an accountaﬁit}:
framework. The CBP establishes a watershed implement%orm w
planning process (WIP) where state and local governménts
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FIGURE1 |

identify practices and technologies that will be used to meet
the TMDL pollutant targets, short- and long-term timelines
for implementation of those practices, and a system of track-
ing implementation progress. The CBP uses a model, CAST
(Chesapeake Assessment Scenario Tool), as the exclusive way
to estimate how WIP plans and actions translate into pollut-
ant reductions. The CAST model provides estimates of aver-
age annual load of N, P, and sediment delivered from each
land-river segment to the Chesapeake Bay over 10years of
typical weather conditions (1991-2000). CAST has been inde-
pendently reviewed by the Chesapeake Bay Program's STAC,
which documented both strengths and limitations relevant
to planning and accountability (Easton et al. 2017). Model
inputs include land use, nutrient inputs (including air depo-
sition), and CBP-approved best management practices (Hood
et al. 2021; Devereux and Rigelman 2014).

Within the accountability framework, jurisdictions annually
report actions taken (practices installed) to meet their WIPs
and CAST provides an estimate of N, P, and sediment loading
to the Bay. A verification process confirms whether practices
have been installed. State and local jurisdictions’ TMDL obli-
gations are considered met when CAST predictions of pollutant
reductions meet or exceed TMDL targets. The CBP manages up-
dates, inputs, and changes to the CAST model through a formal
consensus-based administrative structure of federal and state
managers, technical experts, and partner input. CBP partners
agreed to meet the TMDL pollution control obligations by 2025.
The deadline does not specify that the WQS be met or that pol-
lutant reductions be realized by 2025, but rather that the man-
agement practices predicted by CAST are sufficient to meet the
TMDL pollutant target loads for nutrients and sediment by 2025
(USEPA 2010). The CBP then assumes that attainment of final
TMDL load targets and Bay water quality standards will occur
at some unspecified date in the future. When the 2025 deadline
was missed, EPA subsequently established a new 2040 deadline.

Chesapeake Bay water quality standards and TMDL segments.

Assessed across in 92 segments
Pollutant Targets¢n
total annual <
allowable nitrogem™
phosphorus, ando
sediment loads t
Chesapeake Bay:-
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2.2 | Challenges Facing Bay Water Qualityﬁlig

CBP planning and implementation programs aim(po Aee
TMDL targets and water quality standards by influeggin@nuy=
trient management and treatment across a complex cagnl (ﬂli;<
within the 166,530 km? watershed (Figure 2). AlthoGgh g_ap@ =

observed pollutant levels and water quality trends et .l (':D
move in the expected direction, evaluations along t CQSJE =
chain reveal several critical areas in which outcomdddiyereq © g

from model predictions. While uncertainty related tmnat-m‘ah Q
variability is systemic across the causal chain, the foges oQhi© Q
assessment is on epistemic uncertainty around the caussl mdchay °
anisms linking management actions to outcomes. We gb gl §,
the assessment into three main sections—watershed ehir sND (F
estuary water quality response, and living resource re ns? 2 <
<+ 0
First, nonpoint source management programs (orangefm@ Zm ®)
have generally not produced the expected level of n@ie@rem
ductions. Reducing nonpoint sources is essential t eﬁng_b o
TMDL targets. As of 2023, CBP estimates agricultural zgd @anﬂ' (o)
nonpoint sources and natural sources account for an @timate gy
80% and 85% of the total N and P, respectively, enterin@ihan.—l —
However, despite substantial increases in federal/staté’i’un@g,-‘
nonpoint source programs have not generated the scaldapdayp

yAUY

/

of BMP adoption to make appreciable reductions in intn
source loads. As estimated by the CAST model, agricu ral_ﬂlch)

urban nonpoint source N loads are falling at an annil r @ o2
0.14 million kg/year/year between 2009 and 2024 (Cﬁ’ 2?)56).0-
At the current reduction rate, more than a century of impleEenn )
tation would be required to achieve the TMDL target (Eﬁmro
et al. 2025). =
Q.
—+

¢SLL/LLLLO

(%]

o .
Monitoring data from stations across the watershed reveals#ig=—
nificant uncertainties in the source and transport of nonfain
source nutrient loads. Challenges include accurately quamfym
ing and mapping nutrient inputs, evaluating the effectivertess
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FIGURE 2 | System responses required to translate nonpoint source nutrient policies into improvement in Chesapeake Bay living reso'_ulr_ceg :. ©
o TY
® A
of BMPs, and understanding the fate, transport, and timing warming, which weakens the expected DO respongg t@Qw=s Q
of nutrients throughout the system. Several studies (Easton trient reductions, even when nutrient loads are fgydeIdin€ -
et al. 2025; Zhang, Murphy, et al. 2024; Ator et al. 2020) indi- (Hinson et al. 2022; Frankel et al. 2022; Ni et al. 20X BQJ:IIO 5'
cate that the CAST model consistently overestimates P load et al. 2023). In response, TMDL nutrient targets ar _dju_stpd: o)
reductions. Although CAST suggests that TMDL targets for P downward to compensate for the warming effect angdyto Geém -
are closer to being achieved than those for N, Zhang, Murphy, current DO criteria. Additionally, shifts in precipit@Don=dat( o (on
et al. (2024) report that measured tributary P loads exceed terns since the 1990s, marked by more frequent an@bmﬁeﬂsh 3
CAST estimates by 940,000kg/year, even after accounting for storm events, introduce additional nutrient loads intp(hgPayd Q
lag times between a management change and full realization of ~ (Modi et al. 2021; Wagena et al. 2018; Murphy et al. 2ﬂurh .
load reductions. In some key areas, such as the Coastal Plain, ther complicating efforts to improve water quality. 8 E §.
nutrient loads are increasing despite CAST projections of sta- -~ =N (?

ble or declining trends. These inconsistencies highlight CAST's
limitations to accurately identify mechanisms driving observed
nutrient patterns.

The CBP planning and implementation programs have proven
largely ineffective at addressing the large regional nutrient mass
imbalances, defined as the difference of nutrient imports and
exports from a watershed, that exist throughout the watershed
(Easton et al. 2025). Conventional incentive programs have en-
couraged the adoption of a subset of practices that minimally
disrupt farm profitability but are not particularly effective
at altering nutrient balances (Easton et al. 2025; Stephenson
et al. 2022). Studies have noted persistent challenges in achiev-
ing N, P, and sediment reductions in areas of the watershed with
intensive animal and crop production even under substantial
BMP implementation efforts (Webber et al. 2024; Fox et al. 2021;
Fisher et al. 2021).

Several environmental factors outside of CBP control weaken
the expected water quality response to nutrient reductions
in the estuary (blue in Figure 2). Long-term monitoring
data from estuary stations show that Bay waters are steadily

While Bay water quality has slowly improved, progrez .toﬁr@ <
attainment varies substantially across Bay segments%d'{ab!
itats. Between 70% and 80% of migratory and spa\m’ﬁh@ld-n
open water habitats have attained the DO criteria, Wh sgm 3
of the remaining nonattainment areas close to athEhtH_
However, DO criteria in deep water and deep chan h%tab‘ o)
exhibit large and persistent attainment deficits and rtlg rate ofD Sy
DO improvement in the deep channel continues to lag:anEze—l o
ments elsewhere (Zhang, Murphy, et al. 2018; Zhangf’Mu@yr_E .
et al. 2025). In addition, preliminary analysis using tHe G BR)ess :
tuary model suggests that the model overestimates DOk saNn :
to realized nutrient and sediment load reductions, pagicu jzl}m :
in the deep-water habitats (STAC 2023). Submergegnag@ticaG ~
vegetation (SAV) coverage in shallow habitats falls wePsh5t o= LN
stated goals. A recent synthesis of Bay water clarity cond@nﬂ rl\')
concludes that, while clarity is improving, future conditionsardd ==
unlikely to resemble the conditions reflected in Bay Waterréa

ity criteria (Turner et al. 2026).

P/

o —
i e
Although CBP management actions are directed to@r
achieving numeric water quality conditions, enhancemen@n

protection of aquatic resources is the ultimate management

(@)
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objective (Figure 2, green). Direct evidence linking water
quality changes to measurable improvements in living re-
sources remains inconclusive. This is due in part to the com-
plexity of overlapping environmental changes and ecological
interactions, and in part to the lack of significant, system-wide
improvements in key indicators, such as DO (Rose et al. 2023).
While CBP employs a suite of models to predict how manage-
ment actions affect chemical conditions in the estuary (par-
ticularly nutrient levels and DO), the CBP does not estimate
how changes in DO and habitat influence the composition or
abundance of living resources.

2.3 | Addressing Uncertainties and Articulating
Tradeoffs

Collectively, the uncertainties described above suggest that
full achievement of Bay water quality standards is uncer-
tain and, at best, remains a long-term prospect (STAC 2023).
Figure 3A presents a conceptual illustration of how costs
may change across different levels of WQS attainment (DO,
water clarity/SAV, and chl-a) across all 92 estuary segments.
Because there is uncertainty in both how effectively nonpoint-
source reductions can be achieved and how reliably those re-
ductions translate into water quality improvements, the exact
cost of reaching any level of attainment is unknown (dotted
blue curves). In general, however, the cost of bringing addi-
tional segments into attainment is expected to rise at an in-
creasing rate. This reflects both the increasing incremental
costs of nonpoint source controls and the diminishing DO re-
sponse to further nutrient reductions (STAC 2023; Kaufman
et al. 2014; Price et al. 2021; Wainger 2012). Earlier analyses,
conducted during the development of the WQS, suggested
that the Bay water quality goals were physically and econom-
ically attainable (USEPA 2003b; Maryland Department of the
Environment 2004).

The response gaps described above also suggest the cost-
attainment curve has effectively shifted left, increasing the
possibility that full attainment may be technically infeasible
under current policy and technologies. That is, the cost curve
in Figure 3 may never intersect 100% attainment. Pennsylvania,
which bears much of the responsibility for meeting deep chan-
nel DO criteria because of the Susquehanna River's influence,
has not produced an EPA-approved WIP able to achieve the
TMDL target (USEPA 2022). Gomez et al. (2024) estimate that
meeting the TMDL by 2050 given expected increases in animal
numbers and crop yields would require a 30% reduction in fer-
tilizer and feed conversion ratios and a 9% reduction in agricul-
tural land. For context, total N imports into the watershed have
remained relatively constant during the TMDL period (Sabo
et al. 2022), highlighting the difficulty of achieving the neces-
sary reductions.

The cost of attainment heightens attention on the public ben-
efits achieved with the expenditure of resources to achieve
the WQS. A primary public benefit associated with achieving
WQS arise from improvements in aquatic living resources
(Figure 3B). Living resources are generally expected to re-
spond favorably to improved and enhanced habitat conditions
(e.g., more usable areas with adequate DO). However, living

7~
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(H) or low (L) response trajectory to water quality improve-
ments (Figure 3B) depends on a variety of factors, including
water temperature, salinity, structural habitat, disease, and
commercial and recreational harvest (Fabrizio et al. 2021;
Rose et al. 2023). If these factors already limit the carrying
capacity for fish, shellfish, and crustaceans, improvements
in DO alone may yield only modest ecological responses (re-
sponse L, Figure 3B). Stronger biological responses would
require targeted investments that address these additional
limiting factors. The risk of pursuing an unattainable water
quality goal driven solely by CWA mandates is that resources
may be diverted from management actions that could generate
greater benefits for living resources (STAC 2023).

The structure of the WQS and the legal imperative to attain
the numeric water quality criteria do not require the CBP to
articulate or manage the ecological relationships depicted in
Figure 3B. The WQS establishes necessary but not sufficient
conditions for improving living resource outcomes. There has
been no management imperative to assess how or whether liv-
ing resources would respond to water quality improvements.
Because of the legal mandates of the WQS and the TMDL, N and
P, not living resources, have become the de facto management
currency of the CBP (STAC 2023).

The accumulated evidence calls these historical management
premises into question. We offer a set of policy alternatives
aimed at improving adaptability and responsiveness to the un-
certainties and tradeoffs involved in meeting water quality stan-
dards and reducing nonpoint source loads. First, we propose a
“tiered” approach to TMDL implementation, which could ac-
celerate improvements in living resources even if final TMDL
targets are not fully met. Second, we recommend improving
nonpoint source programs by explicitly acknowledging and
addressing the inherent uncertainties in nonpoint source man-
agement (Wagena et al. 2019). This will require a shift away
from deterministic modeling and accounting frameworks that
overlook uncertainty and discourage efforts to improve collec-
tive understanding of nonpoint source dynamics. Finally, we
introduce a structured process, sandboxing, for developing and
evaluating new rules and programmatic approaches within reg-
ulatory and administrative settings.

3 | Tiered Approach to Implementing the TMDL

A key element of adaptive decision-making is the continu-
ous development and reevaluation of goals based on new in-
formation and improved understanding of system response.
Considering the current challenges to achieving Bay WQS, pol-
icymakers could consider two policy alternatives to the current
TMDL implementation process: (1) formally revise WQS using
existing CWA processes to reflect evolving physical and eco-
nomic constraints, and (2) maintain existing WQS and TMDL
targets but adjust the implementation strategy and timeline
to focus on achievable interim management goals. The first
option involves a formal CWA process known as a use attain-
ability analysis. This option may face socio-political challenges
due to concerns about perceived backsliding on prior water
quality commitments. The second option, a tiered approach to

~~
TMDL implementation, does not alter TMDL targets or QS
but would spatially and temporally prioritize implemﬁla—
tion based on potential living resource benefits (Steph@o

et al. 2025 n
). & E
o (]
: L 5<
3.1 | ATiered Approach to Implementation =
of the Bay TMDL 5 O
m 3
The distinguishing features of a tiered approach to Bay TR L:_;'

implementation are summarized in Table 1. A tleredﬁj c
acknowledges the substantial questions of cost and feas#bil
achieving the WQS (Figure 3A) by establishing 10- to ]myegmc
terim nutrient & sediment goals. The final TMDL targepr

in place, but the interim goals serve as planning waprhtsgi1
CWA does not place deadlines on achievement of fsz’TM@LK
targets. Given the focus on improving nonpoint sqt-Ec'éSut
comes, the tiered approach would not require any ch i n—_é.
going point source permit obligations, which would c@tl §

be subject to existing requirements.
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Planning and implementation in a situation where E)alga
costly and uncertain creates the need for priority se&gg he_—
tiered implementation approach prioritizes water qfHtyAm=
provements based on their potential to generate livin§£s<$rcgD
benefits (Figure 3). This shifts the focus of water qualty gpani—, O
ning from DO attainment in the deep water/main chgae&gcr v
ments toward other habitats and locations where imp@erﬁnta §
are likely to yield larger and immediate benefits for giyin@re=3 O
sources. For example, improving water quality cori@@ioa® in 3
open and shallow water habitats can provide more dﬁ:ctgeno 5'
efit to many key fish species (forage fish, recreatlonalﬂdnﬁer: ('D
cial species, etc.) than improvements in deep WatemhakﬂtsN —_—
These habitats are typically found near shorelines aﬂ- i g
tributaries (Figure 4). While deep water hypoxia has mad'mﬁn Q
ally received management attention, several shallow @erO P
water habitats also show DO attainment deficits (Zha T;go
et al. 2018; Zhang, Shenk, et al. 2024). Improving co no =.
N
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TABLE1 | Approachestoimplementing the Chesapeake

og oAl
M;

Planning Conve
objectives Tiered approach appr hs.
Implementation 10-15year 10-15 y@r th
planning horizon interim nutrient achlevaﬁn:!:
& sediment goals TMDL f’cﬁg E
—
Planning Local areas for Deep chaﬂél%
priorities for living resource o<

nutrient reduction benefit 3 ah
Type of Water quality + Water qqgaht?/‘
implementation habitat restoration E
Final TMDL Same Same (T
nutrient and w0
sediment targets @]
—fy

TMDL permittee Same Same € g
obligations m s
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FIGURE 4 |

pollutant load targets are driven by attainment of DO criteria in deep water habitats in these segments. Panel (B) shows the result of a
to prioritize water quality improvements (high and medium priority) based on potential impact on over 20 key aquatic species (Ches
Program 2008). A tiered approach to implementing the TMDL would set interim load reduction goals to achieve habitat improvements in

these regions may also require smaller overall nutrient and sedi-
ment reductions, making improvements more feasible.

The tiered approach broadens planning and analytical attention
on other factors impacting living resources. Besides DO, water
clarity/SAV and chl-a exhibit notable deficits in ecologically im-
portant areas of the Bay. Although long term water clarity has
improved, spatial variability and localized drivers suggest that
targeted load reductions in specific areas could yield substan-
tial benefits for living resources (Testa et al. 2019; Testa et al.
2022; Harding et al. 2019). The tiered approach to Bay TMDL
implementation also expands consideration of other habitat at-
tributes, such as shoreline conditions and wetlands, that affect
the potential living resource response to water quality conditions
(Figure 3B shifts in living resource response to water quality
improvement).

Panel (A) shows the four segments of Chesapeake Bay that contain target deep water and deep channel habitats. The fj
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3.2 | Implementing a Tiered Approach to
Bay TMDL

owwo) gne

u
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To realize these benefits, a tiered implementationyftr
would require the development of new tools and clpesn
water quality planning processes. Planning and mapg&esaen
tools must be adapted to support smaller scale wat€D q¥lit
and living resource management objectives (Cummings

2006). Specifically, a tiered approach to TMDL implemntﬁ.(a)
requires identifying how living resources are likely to respgn
to changes in water quality and other environmental condiffens

S

pue

o)

=0

This process would include: D =
(%]

Q.

1. Identifying areas where improvements in water q&ty;l-_

and habitat conditions have the greatest potential tteno

hance Bay living resources. wn D

O

1
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2. Identifying the sources and effects of nutrient and sedi-
ment loads on local bay water quality.

3. Establishing interim nutrient and sediment goals for Bay
segments that align water quality improvements with de-
sired living resource outcomes.

3.2.1 | Identify Areas and Opportunities for Improving
Living Resources

Within a tiered TMDL, the key management challenge is to de-
termine where improvements in DO, water clarity/SAV, and/or
chl-a are most likely to improve Bay habitat conditions. Because
the WQS and historical water quality management have not rou-
tinely considered living resource response to water quality con-
ditions, new analytical tools and planning approaches would be
needed.

Habitat models statistically relate observed local densities or
abundances of life stages of specific species of fish and shell-
fish to the presence of environmental and water quality vari-
ables. Relevant variables include water quality conditions (e.g.,
DO, salinity, temperature, pH, chl-a, water clarity), physical
habitat characteristics such as shoreline conditions, bottom
type and quality, water depth and velocity, and the presence of
key aquatic habitats like oyster reefs, marsh, and SAV. Habitat
models have been developed and applied to many of these spe-
cies (Fabrizio et al. 2021; Secor 2009; Schlenger et al. 2022).

A species' distribution and abundance reflect combinations of
these water-quality and physical-habitat factors. Habitat models
identify the conditions that provide the most potential to support
increased species abundance, but do not attempt to predict the
exact population levels that result from specific habitat change.
Although population and food web responses may be more
directly relevant to management decisions, they carry signifi-
cantly greater uncertainty than habitat-based analyses. In the
context of the Chesapeake Bay, habitat suitability modeling has
a practical advantage: it links water quality improvements to
living resource abundance using available data, balancing rele-
vance and uncertainty (Rose et al. 2023).

Under a tiered approach, habitat suitability analyses for key
living resource species would be conducted at the local seg-
mentscale (STAC 2023). An integrated planning and analytical
process would identify the species (or classes of species) that
define living resource management targets (Rose et al. 2026).
Each area of the Bay is likely to be influenced by the same
general set of factors important to habitat suitability for each
life stage/species combination, but the values and relative im-
portance of these factors will vary among segments. Some of
these factors, such as DO and water clarity, are directly man-
aged under the TMDL, and the extent to which nutrient and
sediment loads can improve water quality conditions varies by
location. Other factors, such as shoreline conditions and tidal
wetlands, can significantly improve living resource habitat
but are not managed directly under the TMDL, even though
they remain subject to management control. Additional en-
vironmental drivers such as temperature, salinity, and cur-
rent are largely outside direct management control but still
strongly influence living resources.

Local conditions in each segment would be evaluated to &r—
mine the potential for management actions to improve @Ji—
tats. Segment-habitat combinations would be evaluated Taked
on the potential for water quality improvements (disséﬂ'e
oxygen, water clarity/SAV, or chl-a) would enhance hakQat=
quality. Some segment-habitats may be ranked as havin
improvement potential because water conditions (e.g., D d 8
water clarity/SAV) are already good (attaining) or bE(El.SF,O N
living resource habitat and response are dominated by ¢phe
habitat factors that may be limiting living resource resp?rsE'
independent of water quality conditions. Habitat an seQ-arfD
reveal species-specific sensitivities and potential t:a‘d&ffsr )

For example, forage-fish abundance is particularly sepi .

e g
shoreline conditions (CBP and NOAA 2023). Water qgplitedm=3
provements may have limited impact on such specie¥¥ s Rre—
line habitat conditions are poor or degrading. Such@ade i<
must be recognized and managed within a tiered imlé&n—

tation framework.
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3.2.2 | Identify the Source and Effect of Nutrielm
and Sediment Loads on Local Water Quality -
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The tiered approach requires answering the technical%e@pn'
What spatial distribution of nutrient load reductiond@angrof
duce specific water quality improvements and correSpormingd_,
habitat enhancements in a given segment? Each Bay=ges@eniD"

oul

y

receives nutrient input from both an “upstream” wate@eﬁn@ §
estuarine sources, and the relative influence of thegg iiQuts™ (@)

varies across the Bay's 92 segments. Upstream nutrieRDsowdces 1
typically dominate water quality conditions in the o@)h_ 5'
segments of the Bay, while mesohaline and polyhalineﬁgrﬁat D

are more affected by estuarine source nutrients. IQPréAngny =.
water quality in mesohaline and polyhaline segmgs aterm g

requires nutrient reductions from other regions of thtDBay'.-Fob\ Q
example, nutrient loads in the upper Bay are largely ﬁv@ b, P

<
flow and loads from the Susquehanna, whereas locaissoedce 'E
play a larger role in the lower Bay. Ongoing improvgjersStq =.
the CBP estuarine models are expected to provide reffte iN @

mates of the relative contribution of nutrient sources aﬁosﬁa
segments.

'[9

3.2.3 | Establish Interim Nutrient and Sedime
Across the Regions

19] 3y} 999

Because nutrient levels at any one point in the Bay &n nesa
from various combinations of upstream watershed WnSu
tions, establishing interim reduction goals will requE ic
decisions among CBP partners, similar to those made duriggsth
development of the original TMDL. While a tiered fregnewgr
does not prescribe specific quantitative rules for selebingQeg
Ricmiti

ments or assigning interim load goals, it provides a s
basis for identifying where nutrient reductions are most ]Eelﬂ I
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to yield meaningful improvements in aquatic living resourﬁS‘. o a‘

wn = (0e)
As with the original TMDL allocations, interim goals alein: - 00
herently political decisions. These decisions carry impo‘[‘tbnta' '\l
distributional implications: upstream jurisdictions that co&ib o
ute to deep-channel attainment deficits may bear substagia m

costs, while many downstream areas realize a greater sharé of QO
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ecological benefits. Under a tiered framework, interim goals for
upstream jurisdictions would generally be less stringent than
final TMDL requirements, reflecting a near-term focus on im-
provements in shallow and open-water habitats rather than
deep-channel dissolved oxygen criteria. In contrast, interim ef-
forts focused on local improvements, such as in southern rivers
and coastal plain systems, may more closely align costs with ex-
pected ecological and community benefits.

Although the specific allocation of interim goals would ulti-
mately be negotiated through the CBP, the tiered approach
makes these distributional considerations more transparent and
underscores the importance of stakeholder engagement to en-
sure political feasibility and a shared understanding of tradeoffs.
Optimization analyses can further support this process by iden-
tifying cost-effective opportunities for achieving habitat im-
provements and the selection of interim targets.

The tiered approach also broadens TMDL planning and imple-
mentation beyond water quality. Habitat suitability analyses
may reveal that improving physical habitats (marshes, shore-
lines) may yield greater living resource benefits than nutrient
load reductions alone. For instance, a local jurisdiction may
be assigned less stringent interim limits if near shore habitat
improvement offers greater ecological returns. The tiered ap-
proach could increase flexibility to evaluate and pursue tempo-
ral and spatial trade-offs that would maximize benefits to living
resources.

3.2.4 | Planning Challenges and Opportunities to a
Tiered Approach to TMDL Implementation

A tiered approach to TMDL implementation emphasizes adap-
tive management based on local scale understanding of how
management actions influence pollutant loads, water quality,
and habitat conditions. The tiered approach acknowledges the
limitations of existing modeling tools at these scales. Shallow
water habitats are more diverse and less well understood com-
pared to deep water habitats, and outcomes at finer spatial scales
often diverge from modeled outcomes. Shallow water habitats
exhibit considerable diversity in biophysical conditions. Large-
scale estuary models may overlook unique local conditions and
dynamics, such as diurnal DO cycles. Furthermore, many of the
likely high-priority shallow water areas are situated in coastal
watersheds where uncertainty about nonpoint source loads is
the greatest.

The tiered approach places a priority on addressing the uncer-
tainties that challenge current Bay modeling. The CAST model
can still contribute to long term water quality planning and be
an element of the accounting framework, but its limitations
(particularly in representing localized processes) mean it can-
not serve as the sole tool for the tiered planning process. Rather
than replacing CAST or relying on finer-scale models to fix pre-
diction gaps, the tiered approach broadens the evidentiary base
by pairing CAST with enhanced local monitoring, empirical
trend analysis, target modeling, and habitat-focused indicators.
This does not eliminate uncertainty; it relocates it to a scale
where discrepancies between expected and observed outcomes
can be more directly identified and used to inform adaptive

adjustments. In this way, the tiered approach provides a &c—
tured mechanism to confront, rather than obscure, the uﬁer—
tainties that are particularly acute in shallow, more divers&and
less well-understood habitats. 0

4 | Nonpoint Source Accountability Framewor

If1o//:
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An effective response to the nonpoint source challenge ges—a
sential to achieving water quality improvements in the?a}ﬁ' -
However, the current nonpoint source accountability fidneXbrifD ~
limits learning and adaptation to the nonpoint source:es;ﬁhsq— )
gaps (Easton et al. 2025; STAC 2023). Shifting accoun@l@to&'
ward water quality outcomes, rather than tracking effep, %ﬁrﬁ
opportunities to accelerate adaptation and improvemeiﬁin_
point source management. QL (0]
o <
o . é
The existing accountability framework incentivizes @1 tRabks<S
management effort (e.g., BMPs installed) and CASTyo rtﬁ
effort into predicted pollutant reductions. Because CES Tagbde
not quantify uncertainties, the planning proceeds &deghb
n

1
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assumption that CAST accurately reflects underlying S3us re—
lationships and pollutant outcomes. This directs maldge {
attention toward generating enough CAST credit to mi =
targets, rather than toward achieving water quality Ect&es.m
This creates two limitations: (1) it diverts manageriaﬁtteg’od___ O
from observed pollutant outcomes, and (2) it restricts Qe N

of policy designs jurisdictions are allowed to pursu@[nﬁeda §
this concern is consistent with the technical reviewsggf COST.3 (@)
which urged consideration of uncertainty and limit&@ nadde 1
representation (Easton et al. 2017). © 9-. o =
=+ 3 (':D
Because CAST is the only approved tool for estimagngQ)nE —_—
point source reduction credit, the accountability sygn‘arem g
ates incentives for participants to “game” the model mre‘cc'l‘va Q
TMDL credit rather than evaluate the ambient pollqtapt@)no C<‘
ditions (Lim et al. 2023; Bitterman and Webster 2034).3‘h% 'E

collaborative process for updating CAST often bg{jo =.
zero-sum game over model credit, delaying improte
in nonpoint-source understanding. As a result, wat&& qqﬁt@ <
managers rely heavily on a model that they simulf?né'ﬁsly (@)
question (Lim et al. 2023). Q) (@) wn O
O35

Gaming the model inhibits search and learning abouahegn—
point source challenge. Jurisdictions devote substangl or
to identifying uncounted BMPs to obtain additio@ CAS
credit, while avoiding updates that could increasemhoeele
loads (Royer et al. 2016; Virginia Soil and Water Con‘!@rvg)
Districts 2026). Identifying uncounted BMPs does nEchﬁhg
water quality outcomes nor advance understandi u
causal factors influencing outcomes. Agricultural stgkehgld
ers often believe CAST underestimates BMP perfrm@hc
(Blankenship 2023), even though monitoring data f@quatl)p'
suggest CAST overestimates reductions. The large cEern
gences between monitored and model loads in some aregg o
the watershed are rarely acknowledged as evidence thagth
TMDL requirements have not been met. Conversely, thegy is:'_-
little urgency in identifying and addressing sources of olds="*
that may be undercounted in the model. When under-rep&e
fertilizer uses and animal livestock numbers were discoﬁ‘e
(Blankenship 2022), jurisdictions resisted incorporatin® the
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new data because doing so would raise model loads and in-
crease target obligations.

The framework also discourages policy innovation (Easton
et al. 2025). When new policy or management approaches are
proposed, jurisdictions typically ask whether the resulting pol-
lutant reductions can be credited in CAST. If not, they avoid pur-
suing them because any gains achieved may not count toward
their TMDL obligations. Innovations such as spatial targeting of
nonpoint source resources (Fleming et al. 2022), outcome-based
nonpoint source incentive programs (Stephenson et al. 2022),
and addressing nutrient mass imbalances have strong concep-
tual support but are constrained by the CBP accounting frame-
work (Easton et al. 2025; STAC 2023).

Spatial targeting, for instance, is supported by extensive re-
search showing that nonpoint-source loads are unevenly
distributed and that focusing on high-loading areas would
improve effectiveness and reduce costs (Fleming et al. 2022;
Lintern et al. 2020; Sharpley et al. 2009; McDowell et al. 2024).
Yet CAST cannot incorporate many targeting designs. “Pay for
outcomes” or “pay for success” programs, which reward ac-
tual pollutant reductions rather than practice installation, are
often proposed as a way to incentivize cost-effective practices,
promote technological innovation, and emphasize quantifica-
tion and verification of outcomes (Fleming et al. 2022; Shortle
et al. 2021). Yet, the CBP must formally approve all nutrient
control technologies (BMPs) and integrate them into CAST be-
fore they can receive credit, and removal efficiencies are based
on generalized estimates that may not reflect site-specific
conditions. The approval process for new practices may take
years, further stifling innovation.

Finally, the scientific literature further highlights the vari-
ability and uncertainty inherent in BMP performance, the
accuracy of model inputs, and nutrient use behavior (Koch
et al. 2014; Aguilar and Dymond 2019; Macrae et al. 2021;
Daryanto et al. 2017a, 2017b; Roland et al. 2022; Kleinman
et al. 2019; STAC 2023; Stephenson et al. 2018; Easton
et al. 2025). CAST cannot analyze variation, risk, and robust-
ness of causal relationships, limiting its usefulness as an ac-
countability tool.

4.1 | Accountability for Outcomes

CBP could incorporate more outcome-based metrics into the
accountability framework. One alternative is to make greater
use of monitoring data from the extensive network of riverine
monitoring stations across the watershed as evidence of TMDL
progress (Zhang, Shenk, et al. 2025). Trend-analysis tools could
be used to identify statistically significant declines in nutrient
loads and estimate the likelihood of meeting nutrient targets.
Declining trends could constitute formal evidence of progress,
while jurisdictions with increasing loads might be required to
provide detailed documentation and analyses about their non-
point source efforts.

Tying accountability more directly to observable outcomes
could encourage additional investments in localized monitor-
ing and assessment. One locality has already invested in new

monitoring stations because of dissatisfaction with CASTad—
iting (Blankenship 2025). Outcome-based metrics of proﬁ'ﬁzss
could involve a range of possible intermediate but obser@ble
conditions. For example, monitoring whether soil phospk&@ru
levels are declining can provide evidence of long-term ma:
ment success. Jurisdictions could be allowed to propose out
indicators that reflect local conditions while motivating pr ss o
on nonpoint source pollutant reductions. The CBP could fugielo N
support the development of finer-scale models and datasefp b

state and local jurisdictions to improve understanding of:;w:_;' -
management actions translate into pollutant outcom@. sdD ~
tools may help explain observed patterns of pollutant lac‘lsﬂ.hpi— )
port spatial targeting, quantify nutrient mass imbala(iexgn -
enable performance-based incentive programs. Whify ST
could remain the primary tool for watershed planning%nt%tg
ing more outcome-based metrics would promote deef@} uleh<
standing of nonpoint source dynamics and improve mamg'éﬁen
decisions. E
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Shifting to outcome-based accountability would r 1éhb<
CBP to acknowledge the inherent uncertainty inﬁn n

source pollution reduction efforts. Unlike point sou@s,ﬁn:
point source loads are variable and difficult to qu;;gfygre—_—_
cisely. Metrics/indicators of success should reflect t cghty=
using probabilistic or trend-based approaches to tr&dk h'r)og—
ress rather than relying solely on deterministic targStS Wit
unacknowledged errors. &
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5 | Encourage Institutional Innovation Th
Sandboxing
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The changes discussed above highlight the need 8 inc
change to accelerate the rate of improvement in redu@g n
point source loads. However, given uncertainty, af@ Potfc
innovation involves failure risk, including the generatgoy dDin,
intended consequences. Policy-makers may be justifiaBy reuc
tant to consider implementing large-scale policy changgs ig;\
face of this risk. Sandboxing offers an adaptive middfghgress
on how to encourage, test, and evaluate potential infevaffp
without disrupting the broader program operations or Lrfun
unacceptable levels of failure risk. 0 O
O35
Sandboxing is a formal process for testing new aes_n
programmatic approaches within structured regulgor n
vironments. Originally developed for highly reg@te&n—
dustries such as finance (Allen 2019), sandboxing Bhs wee
recently proposed for use in conservation programs (Higgin
and Male 2019; O'Sullivan 2021). In the context of<the QBPB
sandboxing would allow jurisdictions to temporari@d@atéﬂ —
from standard procedures and programmatic rulesyto Lgak)
new implementation strategies with a limited, We$ﬂeﬁed§ ~
scope. Sandboxing includes identifiable metrics o suc-gessQ' Ul
and a commitment to scale successful sandboxing througEthn N
organization/program. m~
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The process begins with a proposal to test a new rule oQpp
proach (Figure 5). The regulatory or adminstrative agehc
collaborates with the sandbox proposer to establish an isofete
environment of sufficient size and autonomy to implefgntn 4y
test, and evaluate the potential change. The sandbox Tiust

o
10£°8891-

10 of 15

N
JAWRA Journal of the American Water Resources Associati 0%26

Ag ‘g



1 Organization has a new
approach to
conservation but
regulatory or program
barrier exists

2 Organization applies to
use new approach with
needed exemptions.

If agency approves...

risks & program
disruption

3 Deploys approach to
demonstrate success
within a defined
timeframe

FIGURE 5 | The sandboxing process (figure adapted from Higgins and Male 2019).

include a clear plan and a method for assessing outcomes.
The agency commits to reviewing the results and deciding
whether to maintain the status quo, continue the sandbox, or
adopt the proposed change.

Sandboxing differs from “pilot” programs and regulatory/ad-
ministrative exemptions/waivers. Pilot programs can be created
and trialed under existing institutional structure, do not require
third party approval to proceed, and are not always implemented
with a formal assessment process or a commitment to extend the
pilot after demonstrated success. Regulatory waivers are case-
specific exemptions from a specific regulatory requirement that
do not carry any implications for larger systematic changes. In
contrast, sandboxing is designed to test scalable innovations
with structured oversight.

Within the CBP context, sandboxing could be particularly
valuable to nonpoint source management. For example,
EPA could allow jurisdictions to develop and test alterna-
tive nonpoint source accounting systems for crediting nutri-
ent reductions using finer-scaled models and more intensive
monitoring of localized outcomes. If successful, these ap-
proaches could be integrated into the Bay Program and scaled
across the region, encouraging investment in outcome-based
strategies.

Sandboxing could also support changes to the incentive struc-
ture, for both land managers and conservation staff. Current
programs often pay a fixed share of practice costs, which
may not reflect the actual water quality benefits. A sandbox
could allow a local conservation district to experiment with
performance-based payments tied to pollutant reductions
(Collins et al. 2022). Staff incentives could also be redesigned
to reward outcomes—such as signing up high-impact farms or
achieving measurable nutrient reductions—rather than sim-
ply executing contracts. For example, more professional and
financial incentives could be credited to staff who sign up first-
time land managers or farm operations with larger estimated
nutrient losses, seeking out farm operations that will secure
more watershed load reductions achieved per contract (Collins
et al. 2022). By creating space for experimentation and eval-
uation, sandboxing offers a practical pathway for institutional
innovation within the CBP.

undue environmental

4 Monitors
innovation and
modifies as
needed
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Adopt Innovation

5 Agency
evaluates

A nabox Continue Exemption

Return to Status Quo
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Several CBP advisory committees have encouraged acti@y t 'n%
of regulatory sandboxing by the CBP (CBP Local GoS&r N
Advisory Committee 2023; STAC 2023). Some localsgordrn

ments have offered several sandbox possibilities. MoDgoiger

County Maryland has suggested developing lowerg)-stémr_
reliable ways to document outcomes for tree plantilff~efforts>
(Ottomanelli 2025). For sandboxing to advance, howegt, ih'gvilfb
require the active commitment of EPA and relevant partngry td_,
S o
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develop and support the sandbox process.
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The CBP is entering a new phase of water quality maﬁgeﬁn
marked by significant uncertainty. Future water q@it
provements will depend largely on addressing nonpoirEOLaesLo =
Nutrient cycles have been dramatically altered by agtﬁu‘l'trﬂ*ah Q
production systems and by people's landscape and foﬂpﬁero g-<‘
ences. How, and to what extent, nonpoint source loJ¥s Qech E
water quality remains a challenge. Behavioral respgns&Staq® —=.
technology adoption and nutrient use are complex agk peStyI\d (F
characterized, and the diversity of site-specific condi&)nan
nutrient loss pathways complicates efforts to improve Rtet
quality (Shortle and Horan 2017). The magnitude of ﬁa} @e%’
quality improvements resulting from nutrient load gucﬂ)nn
also remains uncertain (Duarte et al. 2009). Irreversible EdH o
scape changes and shifting climatic conditions Cgflp ated O
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predictions about when and to what extent water q@lit¥_im— <
provements will occur. —_—
w oo
= =
To increase the effectiveness of Chesapeake Bay watey qlmitB :
programs, planning and implementation must morgadi qtl}lﬂ —
address these uncertainties (Hershner 2011). The thregplterga) }
tives proposed here—tiered TMDL implementation,‘-ﬂon@inp ~
source accountability, and sandboxing—are offered as(Brac-tTcap' %
policy responses to strengthen learning and adaptability iahn I
face of uncertainty. These approaches create more direct Fed a‘
back loops between planning intentions and outcomes, @er o0
managers and stakeholders to response gaps, and encouraggyex==" (0'e)
perimentation with new strategies. =h 6' '\j
C o
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The experience with nonpoint source management in the@BRn w
demonstrates the limitations of assessing implemenfation
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success exclusively through deterministic models. Precise
model predictions generate the illusion of accuracy and have fo-
cused attention on gaming the watershed model to obtain credit
rather than toward improving water quality. Including ambient
water quality outcomes as evaluation metrics would highlight
where pollutant reductions are lagging behind or exceeding ex-
pectations. Greater focus on observed outcomes could encour-
age the development and use of new causal models, stimulate
investment in monitoring to reduce gaps in knowledge, and
strengthen stakeholders’ engagement with local water quality
conditions.

Experimentation is needed to improve management effective-
ness. While all experiments carry a risk of failure, that risk is
an inherent and necessary consequence of learning. Sandboxing
offers a structured way to test policy, regulatory, and adminis-
trative innovations, evaluate their impacts, and decide whether
they should be scaled, revised, or abandoned. By institutional-
izing experimentation, CBP can accelerate collective learning
about which approaches produce meaningful improvements.

Tiered TMDL implementation likewise enhances opportunities
for learning by allowing managers to evaluate progress incre-
mentally, identify where nutrient reductions are feasible, and
prioritize locations with the greatest potential to enhance living
resources. Crucially, the tiered approach broadens attention to
habitat factors beyond water quality that are essential for living
resource improvement.

These policy alternatives complement a wider set of proposed
policy reforms to improve Bay water quality, such as improved
spatial targeting of nonpoint source investments (Fleming
et al. 2022), performance-based incentives (Stephenson
et al. 2022), and policies to address regional nutrient mass im-
balances (Easton et al. 2025). However, without mechanisms to
systematically identify and address knowledge gaps and to en-
courage innovative designs, such reforms will not realize their
full potential.

Collectively, these reforms require enhanced use of ambient
monitoring data and the development of alternative modeling
approaches to evaluate program outcomes and to strengthen
understanding of causal processes that link management ac-
tions to those outcomes. This likely requires some reallocation
of existing resources and may necessitate additional support.
However, when properly structured, such an investment can
create efficiencies and improve program effectiveness. One pos-
sible outcome appears certain: continuing along with the cur-
rent management trajectory will lead to disappointment with
future results.
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