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1. Introduction

The action plan to reduce hypoxia in the Gulf of Mexind the large number of
lawsuits related to the Total Maximum Daily Loads regafatllustrate the heightened
concerns over water quality issues, both at a locategidnal level. Non-point sources,
in particular agricultural ones, are a significantrselwf pollutants. This explains in part
the increased availability of conservation funds forcagpure in the last decade. The
latest Farm Bill in particular, through the Consematsecurity Program (CSP), has
introduced several innovations in conservation poliaylusing payments for adopting
conservation practices on land in prodiction and watdrihes| targeting.

The institution of watershed-level targeting presenex@sting policy design
guestions because environmental watershed-level benefitsctinservation practices
have not, so far, been the subject of many study.ahaswe are aware, there is no study
that incorporates the analysis of both the environaldm@nefits and the economic costs.
Such an analysis requires extensive micro-level dat, Ibasin scale models, and a
simultaneous economic and hydrologic analysis.

The institution of watershed-based conservation alsmmthat edge-of-field benefit
analysis, which has been the standard so far, dogsamatle adequate information to
assess the effectiveness of policy. The impact mgewation practices on water quality,
as measured at an outlet, is typically not simplystiia of the reduction of sediment at
the edge of each field. This also implies that watelitguzenefits from adopting a
conservation practice downstream may be dependent deveHef conservation practice
adoption upstream. More in general, the water qualityfbemall depend on the
hydrology of the watershed at hand.

Clerly, the point at which the water quality benefits areasured is likely to be very
important. For example, in a large watershed, asselssmgfits only at the main outlet
may give disproportionate representation to the lowdrgiahe watershed. Assessing
benefits at several points may be more representattithee water quality impact of the
policy, but it may mean a substantial increase in expanedimost monitoring data
would have to be daily, and include the measurement ofae@tutants). Furthermore,
historical data with which to compare tBepost measurement are limited.



The goal of the current analysis is two-fold. Figt, discuss what watershed-based
conservation policy effectively mean when assessingypkrformance. In particular,
we focus on the parallel between watershed-based cotisarpalicy and ambient-based
pollution control.

Secondly, we analyze the issue of targeting within tesshed and its link to the
point of measurement, or the outlet at which water tyuasisessments are made.

We start by developing a theoretical model that illusgéihe mechanisms of the
discharge and loadings of a pollutant at the watershed lesing sediment as an
example, and the role of conservation practices in redudischarge. We focus on
conservation budgets for adopting conservation tillage,al the most common best
management practices available to farmers in the Midarebbne of the practices
included in the CSP. We then develop an empirical aisatyshe issue by focusing on
the conservation practice of reduced tillage. To do sdinke tillage adoption model
based on the National Resource Inventory (NRI) ddtsger and goebel, 1997) to the
Soil and Water Assessment Tool (SWAT) model. The SWwi#fOel is a watershed-level
water quality model that calculates loading and conagatrs of sediment and nutrients
at the overall watershed outlet and for each subsladrwithin the area of analysis. We
can therefore examine the effectiveness of varionfgurations and targeting policies
aimed at reducing sediment loads in the water at thergfagd and subwatershed level
through the adoption of conservation tillage. Thisvedlaws to determine empirically the
extent to which non-linearities are present in the systed across watersheds and what
are the efficiency losses from ignoring these nogedrities.

We apply our analysis to the Des Moines River watekshdarge, mostly
agricultural, watershed in lowa and Minnesota that dratesthe Mississippi river, and
is therefore a contributor to the hypoxic zone in thef GuMexico (CENR, 2000). The
scale of the water quality degradation problem in the iardamonstrated by the
inclusion of 43 stream segments and lakes within therglagd on the current U.S.
Environmental Protection Agency (USEPA) listing of impdiveaterways. In this paper,
we focus on sediment reduction. High sediment loaels avater quality problem
because sediment can fill reservoirs and cause chahaebs, thereby raising the costs
of water treatment and channel dredging. Moreover, Iaiggls of sediment can have a



negative impact on fish and wildlife, greatly reducingebenomic and recreational
value of streams and lakes.

We use the 1997 levels of conservation tillage adoptimuabaseline, and examine
three policy scenarios. In the first, we assuna¢ tbnservation funds are allocated
exclusively either upstream or downstream in the \ghgst, and in the second, we
assume funds are targeted to the sub-watershedsheittighest initial sediment loads.
Finally, we study various levels of conservation gilgpayments not spatially targeted.
This is a policy payment scheme after those discussin iproposed CSP
implementation rules (USDA/NRCS, 2004). Specificallg, eonsider the schemes under
which farmers are offered the maximums of $10, $20, or $30cperfa@ adopting
conservation tillage. In each case, we use the ecetnioally fit tillage adoption model
to predict which acreage will convert to conservatioad# under subsidy payments. The
SWAT model is then used to estimate the changes in satlioading resulting from the
policy.

The study provides a numerical evaluation of ambientdasllution reduction, and
how the optimal allocation of funds across the laage may be affected be the level of
funds available. The quantification of the effectals® expected to contribute to the
discussions of pollutant trading involving non-point sourcesilé\the trading idea is
being actively pursued by regulators, because of cumulatitershed effects, there is
substantial uncertainty over the permit-to-emission satause. This study will help
identify the permit-to-emission ratios.

2. The Theoretical Model
The model developed below is discussed in terms of setlioeds. However,
the model could also be applied to other pollutants suofiragen and phosphorous, or
bacteria. In all these cases, non-linearities boevad to be present. Our analysis could
also be extended to a combination of pollutants. Indhse, it would be necessary to
specify weights for the relative importance of eaclupant to create an indéxWe
simplify by abstracting from the impact of flow on gednt discharge and delivery, and

! This would be similar to the construction of the Eaninental Benefit Index that is used to enroll land in
the Conservation Reserve Program (CRP).



concentrate on the processes going on across watershlgeisthan within each
watershed.

We consider a river which contaihsvatersheds. We order the watersheds from
upstream to downstream (note that this will not neségde a line): 1, 2, 3.1, and use
the subscripti to denote the quantities associated with the watershedsaimsbf

watershed. Defineq as the amount of sediment in the water at the tootlwatershed.
We defined;, as the amount of sediment discharged in the wateatiershed. Thus,

g =d, andqg = f(d,)+d = ¢, = f(d,,d,,d,..d,_,)+d,. The sediment discharged in
the watershedcan be affected by a scalar conservation effoithe amount of sediment

discharged is a non-increasing function of the conservaffort in the watershed, i.e.

94 . G. Thend =g(g) whereg < . Thereforeq = f[d, (g,)]+d,(g).

0e
Finally, we define a conservation policy as a atitan of conservation
effortse ={e,e,,....6} . The water quality benefits of the policy candedined in
several ways. First, they could be the sum oféldeiction in sediment discharge at each

outlet.
Definition Emission-based evaluation of water quality benefita policye at the

j -th watershed outleyy™=" () , is defined as the sum of the discharge reductiotise
watershedj and all the watersheds upstream of it. That is,
o7 (@)= 24 (0)-a (a) |+ (3 (0)-a (2)
uj
Definition Ambient-based evaluation of water quality benedita policy € at the
j-th watershed outle, (€), are defined as the difference between the sediimehne

water in the absence of the policy and the sedimnetiie water in the presence of the
policy, at thg-th watershed outlet. That is,

b, (8)=q,(0)-q, (€)



Thus, the emission-based accounting of water guadihefits would double-
count benefits and therefore tend to overestinmapacts compared with the ambient-
based accounting of water quality benefits.

Note that the benefits could also be defined im$seof the level of conservation

j
effort, asb™*“" (€) = > (g —0). Most of the current policies are practice-based),
=1

so are concerned primarily with the effort levehix than its effectiveness in reducing
pollution.

The shown difference in the emission-based ananfi@ent-based evaluation of
benefits has important implications for targetimggervation policy. A policy that is
designed to minimize the discharges from the whegls comprising the river basin
would not, in general, minimize the amount of sezhimat the bottom of the basin. In the
empirical application below we demonstrate thisetlénce.

1
Therefore, while, the total costs of the consewatiracticez C, (ej ) are
|

additive across the watersheds, the benefits gignara not. Note that additive costs
across space are not necessarily linear in thé déaeloption of conservation practice,
since the marginal cost of enrolling land in theggam depends on the cost of giving up
conventional tillage for the marginal parcel ofdamwnhich itself is a function of land
characteristics and profitability.

As we noted, the system is non-linear at the datial. Clearly, these non-
linearities have implications for an efficient @iddion of conservation funds across the
landscape. For example, in general, the gains @@mservation practices at the outlet
for a given level of conservation practices willlligher if the practices are adopted near
the outlet, because part of the sediment from apstrgets deposited, and this decreases
the downstream gains from reducing the sedimewweder, since the cost of adoption
is not spatially homogeneous, if enrolling landtogsm is cheaper than enrolling land
downstream, it may not make sense from an econsta@mlpoint to limit payments to the
downstream portions of the watershed. The detextioin of the efficient allocation of
funds is an empirical issue that has to take iotmant the hydrology of the watershed.



As the empirical results below demonstrate, howewatimal targeting would
have to take into account — indirectly, throughrtbe&ects on the marginal cost-benefit
curves, other watershed characteristics as well.ekample, if funding is limited to
certain sub-watersheds, as the latest CSP rule AMERCS, 2004) suggests, the level of
forest and pasture in those watersheds may putirsga® the potential gains from

conservation.

The Empirical Model

The empirical model has to main components: the@wmation tillage adoption
model and the Soil and Water Assessment Tool (SWAddel. The economic model
presented in detail in Kurkalova, Kling, and Zh20(3) is used to predict the level of
subsidy required for adoption of conservationgi#at every crop production point in
NRI database in lowa.

The SWAT model is a conceptual, physically basedterm continuous watershed
scale simulation model that operates on a dailg step. Flow generation, sediment
yield, and non-point-source loadings from eachwsabershed are routed through
channels, ponds, and/or reservoirs to the watershiek (Arnold et al. 1998). The
model is capable of simulating a high level of sdatetail by allowing the division of a
watershed into a large number of subwatershedshidrstudy, the subwatersheds
correspond to the U.S. Geological Survey (USGS)rblggic Cataloging Units that are
commonly referred to as “8-digit” watersheds (s&g E). This is the same level of
analysis of the Hydrologic Unit Model for the UndtStates (HUMUS) modeling
framework (Arnold et al. 1999).

Within each subbasin there are subwatersheds witjue combinations of soils
and land-uses, called hydrologic response unitd {HRHRUs are virtual units of
analysis. We know in which subbasin they are waitlo not know where they are
located within that subbasin. The NRI databaskadasis for the construction of the
HRUs. NRI points are aggregated on the basisibtlsaracteristics, crop and rotation,
and tillage practice as predicted from the tillageption model.

Figure 1 — The structure of the Des Moines Rivetenshed.



The Des Moines River is in darker blue, its majorutdies in lighter blue. The tree to the right shidwves
hydrological structure of the watershed.

The integrated models are used to examine poliegas®s, where conservation
funds are allocated spatially. Specifically, weid the watershed in three areas, up-,
mid- and downstream (Fig. 2). This allows us tame spatial targeting issues without
having to consider a very large number of alteweatargeting policies. The second
scenario focuses on targeting the worst watersing@sms of the highest loads per
hectares. The final scenario examined concentaaiesirious levels of conservation
tillage payments not spatially targeted: any preduc the watershed can participate.
Specifically, we look at payment levels of $10, $20d $30 per acre. Throughout the
analysis we assume an existence of a true-cosédnegenechanism that allows the
policymaker enroll the producers in the progranplying them exactly the minimum
per acre subsidy needed.

Figure 2 — The division of the Des Moines River evahed.



Results

We start by presenting some of the characterisfitse watersheds at the
baseline, that is, with the level of conservatitlage and the lend uses prevalent in 1997,
and in the absence of a conservation tillage sybsithe watershed is divided in nine
sub-basins of varying areas (Table 1). The arg¢heofipstream watersheds sums up to
about 25% of the total, and that of the midstreamescat 44%, so that 31% is left to
downstream sub-basins. The number of HRUs in wéaath of the subbasin is divided
at the baseline ranges from 82 to 215. In gendrale is one HRU for land in CRP, one
each for pasture, forest and “other” land, a redidategory that includes urban land. All
the other HRUs are devoted to cropland.

Table 2 shows the land use by sub-basin. In thlemtiatershed, about 68% of
the watershed is cropped (excluding CRP — the ©ORPdrea is about 4.66% of the total
watershed area). However, there are substantiafehices among the sub-watersheds.
The northern watersheds are more heavily croppet],crrespondingly, have less land
in CRP, forest and pasture. This reflects thetfsat the land in the northern part of the



watershed is more productive. In the South, tee froductive land is used for pasture
based livestock production or is left not croppesiforest.

Table 1. The sub-basins’.

Reach Reach area as # of HRU
% watershed area in the baseline
1 8.538 191
2 7.636 138
3 9.216 128
4 12.042 131
5 6.774 82
6 16.911 154
7 7.930 167
8 16.783 215
9 14.171 158
Total 1364

Table 2. The sub-basins’ land uses.

Land uses as Reach

% of each

reach area 1 2 3 4 5 6 7 8 9
Cropland 77.69 79.65 89.46 77.39 91.29 81.77 64.72 47.06 30.24
CRP 496 525 146 141 0.75 1.04 6.75 7.70 10.45
Other 857 8.75 592 1046 6.18 9.16 9.97 13.77 15.64
Forest 142 193 057 578 054 148 466 931 2154
Pasture 7.36 442 260 497 125 6.55 1390 22.15 22.13

The great majority of the agricultural land, ovee& is in corn soybean rotations.
The second rotation in terms of acreage, at less&Po of the cropped area, is corn-corn-
soybean. Corn followed by alfalfa accounts fattkelover 5% of agricultural land, and
soybean-soybean-corn for about 4%. Across therslads there are some differences,
as illustrated by Table 3. The higher level of ealfalfa in the Southern portion of the
watershed is another consequence of the preseitessdertile land and of the higher
level of pasture-based livestock production.

The baseline levels of adoption of conservatidagé by sub-watershed are
provided in Table 4. Overall adoption for the waked is 46%. Historically, there is a
certain degree of fluctuation in the levels of atmpof conservation tillage. The
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geographical heterogeneity of adoption in the vediea reflects historical differences
and dissimilarities in land characteristics.

Table 3. Percent of agricultural area by rotation

Rotation Reach

1 2 3 4 5 6 7 8 9
CcC 0.00 219 335 212 1.42 068 358 2.67 1.36
SS 119 063 048 000 000 000 0.00 092 233
CS 81.55 80.44 82.77 86.42 87.75 87.15 78.05 67.82 54.22
CCSs 540 7.43 1131 6.32 7.77 566 6.68 10.35 13.21
SSC 6.30 6.67 096 368 201 354 208 7.28 6.08
CA 555 264 113 145 105 297 9.62 10.95 22.80

Notation: C- corn, S — soybeans, A — alfalfa.

The SWAT model is calibrated for the first 10 yeafshe simulation and
validated using the second decade of data. FBsr®ws the model’s predictions
together with the measured data for flow (montlayagl, while Figure 4 has the same
information for sediment loads. In the case offlthe R for the first decade is 0.6687,

for the second it is 0.7608. For sediment, théoRthe first decade is 0.6687, for the
second it is 0.7608.

Table 4 — Baseline levels of adoption of conseovetillage by watershed

Reach % cropland
in conservation tillage
in the baseline (1997)

38.33
41.88
43.39
58.49
43.33
47.64
39.07
49.80
41.50

OCoO~NOOUITWNPE
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Figure 3 — SWAT calibration - flow
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Figure 4 — SWAT calibration - sediment
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Table 5 reports what happens to the sediment lataeach watershed’s outlet at
the baseline (BL), and when the upper, middle,lanér part of the Des Moines
watershed are completely converted into consemvaiiage (UC, MC, and DC
respectively). The last column illustrates whatgens when the entire watershed is
cropped using conservation tillage. The table shthat conservation tillage upstream
greatly reduces the sediment loads at the outfetsach 1, 2 and 3. A great part of that
reduction is maintained downstream, at the ouflsub-basin 4. However, there is
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almost no effect further down, at the outlet 8 treh 9. The reason is that two large
dams, Saylorville and Red Rock, act as barriersedfiedtively create isolated
watersheds. According to the Army Core of Engisgtoth Saylorville and Red Rock
are effective sediment traps, often capturing n@@réo 99% of the suspended solids
load” (p.114, Lutz and Cummings).

Table 5 — Sediment loads in case of total conversicCT by watershed (metric
tons/year) and associated costs

Reach BL uc MC DC AC

1 195,358 114,298 195,358 195,358 114,219
2 590,683 339,331 590,683 590,683 339,104
3 545,711 314,754 545,711 545,711 314,563
4 2,200,478 1,729,067 1,850,406 2,200,478 1,377,617
5 311,848 311,848 170,273 311,848 170,172
6 873,144 873,144 589,756 873,144 589,283
7 997,356 997,356 649,778 997,356 649,367
8 3,678,722 3,647,833 3,380,067 3,315,117 2,926,539
9 3,556,283 3,562,622 3,559,156 3,335,722 3,280,956
Cost $ 0 $30,741,300 $41,736,360 $10,009,310 $82,487,000

Figure 5 illustrates the location of the reservoiffiese two large dams are also
responsible for the ineffectiveness (in terms dirsent reduction at the overall outlet, 9)
of converting the middle section of the watershed conservation tillage. The
watershed is effectively split into 3. This illustes some of the problems an effective
targeting policy has to solve. If a whole watetsisetargeted and the only monitoring
data is available at the overall outlet, the presesf dams will mask the upstream
situation. More data would be needed to gathermétion on the whole watershed, and
data is very costly to obtain, and relatively ldnygtime series are necessary. Targeting
very small watersheds will likely not solve the Iplem, since there is no monitoring
information for most of them. The lack of monitagiinformation means there is no
benchmark to compare the policy impacts with. Nbg a relatively long time series
would be needed to adequately assess long-ternn quzéty.
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Figure 5 — The reservoirs on the Des Moines River.

Table 5 shows that the most cost effective policterms of sediment reduction
where the reduction is likely to be measured wdngldo implement conservation tillage
downstream. Clearly, this policy would not be mhest beneficial across the watershed.
This raises the question of what the aim of thgetiang is. If local water quality is the
concern, the fact that this watershed is effegfigglit into three parts would require to
target all of them. If the concern is regional evaquality, or, say, the Gulf of Mexico,
then focusing on the downstream portion of the vghied may be optimal. In the case of
a water quality index comprising several pollutaditermining the optimal policy may
be harder, since some pollutants have a local@gpinosphorus and partly sediment)
while others are a concern for estuaries and séer \(ratrates). This also illustrates the
usefulness ofx ante policy scenarios. Simulations are a faster agxilile tool in
evaluating policy, and they can be very usefuldmplementing measured data.

The second scenario assumes funds are targeteel sol-watersheds with the
highest initial sediment loads. Since the watetsheve different size, we look at
sediment per hectare. Such a focus would be ciosgririt to emission-based pollution

control.
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Table 6 shows that targeting the worst watersirettyms highest loads per
hectares would focus the policy to the upstreanigooof the watershed. Again, this
would imply that there is no water quality improvemhat the main outlet. This clearly
illustrates the ineffectiveness of using emissasishe basis for policy if the concern is
the overall outlet.

Table 6 - Target on the basis of the highest load

Reach Sediment Transport to Main
Channel (metric tons/ha)

51.39
52.61
57.78
48.83
47.89
46.67
41.72
44.89
48.06

O oO~NO UL, WNPE

The final policy we consider is several levels nfargeted payments. Table 7
shows that even the lowest per acre payment, $d0idveubstantially increase the level
of adoption of conservation tillage. It is intetiag to note that the total costs of all these
policies, even the $30/acre payment, are lower thast of the costs of complete
conversion. This is likely due to the high margioasts of converting some land that
would have to be paid to achieve complete conversitable 8 shows that, in terms of
the overall outlet, the marginal benefits of inGieg payments from $20/acre to $30
would be insignificant, while the costs would b&éstiantial. To assess the benefit per
dollar of this policy, we calculated the sedimeaduction at each outlet when the $10
payment is offered in that watershed only. Sal@in the sediment reduction per dollar
at reach 4, we simulate what would happen if the fdyment were to be offered only to
farmers in subbasin 4, and divide it to the coghefsubsidy ($18 the number of acres
enrolled). This measure is the relevant one ifitagis for targeting is the benefit per

dollar at each outlet.
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Table 7 - Untargeted payments — CT adoption levels

Reach BL $10 $20 $30
1 38.33 46.45 59.12 65.48
2 41.88 59.14 73.76 76.83
3 43.39 58.97 72.08 79.76
4 58.49 66.14 77.03 85.00
5 43.33 52.19 73.91 79.33
6 47.64 59.20 68.97 77.94
7 39.07 58.68 65.17 77.34
8 49.80 58.07 66.43 73.65
9 41.50 62.17 69.86 77.46
CT adoption whole 46.00 58.25 69.85 77.36
watershed
Total cost $0 $4,023,120 $14,895,010%$26,380,430
Table 8 - Untargeted payments - sediment (metns/y@ar)
BL $10 $20 $30
Reach Sediment Sediment Sediment Sediment
1 195,358 184,689 167,315 166,045
2 590,683 540,861 476,937 459,945
3 545,711 541,894 453,100 453,444
4 2,200,478 2,056,656 1,824,817 1,751,672
5 311,848 277,502 225,779 221,182
6 873,144 819,644 772,800 735,589
7 997,356 845,106 830,739 738,350
8 3,678,722 3,612,944 3,391,667 3,269,550
Total cost $0 $4,023,120 $14,895,010 $26,380,430

Table 9 shows that the highest benefit per dollawld/be obtained at the

subbasin 9. The range of values is quite largh¢cating that there is ample room for

inefficiency. Because of the hydrology of this eshed, the highest benefit per dollar as

measured at the outlet 9 would also be obtaineaffeying the $10 payment to farmers

in subbasin 9.
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Table 9 — Benefit per dollar in sediment reductiotric tons/year) for a $10 subsidy

Reach benefit per dollar

0.04
0.08
0.01
0.20
0.10
0.07
0.31
0.03
0.36

O©CoOoO~NOOUIrWNBE

Conclusions

The empirical analysis of one pollutant in one wstted illustrates the complexity of
watershed conservation policy and targeting. Imegal, it is evident that “targeting” is
too vague to be an operative concept. It is nacgds identify at least two aspects: The
first is the spatial dimension. The determinabdrvhere the objective of the policy is to
be measured is crucial in determining which areastee optimal ones to target. The
second factor to be considered is the objectiangeting, be it an initial pollutant load,
in absolute terms or per acre, the potential pafiuiteduction or the potential benefit per
dollar. Simultaneously targeting several pollusambuld be even more complex,
because, as we mentioned before, they might bearglat different spatial scales, and
the creation of an index would be necessary. Heweaonservation policies for
agriculture have started to shift their focus frimeome support to being result-oriented.
This is partly because the Clean Water Act wasttfe in curbing pollution from point
sources but did not tackle non point sources, gndidture in particular. Today, water
guality problems are mostly due to non-point sosircéhe high number of impaired
waters, and the elevated levels of impairment ashipg towards a more performance-
based conservation policy. This will require adsgunformation on the magnitude of
the problem, and reasonable assessments of tbaogfiand costs of the various policies

available.
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