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ABSTRACT

The Consetrvation Reserve Progrem, a land retitvement program designed co remove
from produccion 40 co 45 milllon acres of highly exodible cropland, may generate
an estimaced $3.5 to $4 billion in wacer qualicy benefirs. Porential benefics
include lower water treatment c¢osts, lower sediment removal costs, less flood
damage, less damage co equipment which uses wacer, and incressed recreational
fishing. Benefics were escimated wlth a sec of procedures that approximated the
physical, chemlcal, blologicsal, and economic links between soll erxosion and
water use.

Keywords: Benefits, nonpoint-source pollutlion, nuctrlencs, sediment, soil
erosion, soil conservation, wacer quallcy.
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SUMMARY

The Conservation Reserxve Progvam (CRP), a land retirement program designed to
remove from production 60-45 million acres of highly erodible cropland, wmay
generate an estimated $3.5 to $4 billion in wacter qualicy benefits. Potential
benefits include lower warer Creatment costs, lower sediment removal costs, less
flocd damsge, less damage to equipment which uses water, and increased
recreational fishing. Benefits were estimacted with a set of pracedures chat
approximated the physlcal, chemlcal, bicleogical, end economlic linkages between
soil erosion and water use.

Escimated per-scce benefilts vary widely among reglons, Indlcating differences in
severity of erosion and demand for water services. The Delta, appalachia, and
Northeast reglons have the highest per-acre benefits, Enrollment In the CRP is
concentrated in Che Southern Plalns, Northern Plains, and Mountaein reglons,
where per-acre benefics are relatively low. Water qualicy benefits could be
increased by encoursging greater land enrollment east of the Mississippl River,
where per-acre benefits are highest.

Per-acre water qualicy benefits from the CRP are likely to be seven times

greater than those from traditional soil conservarion programs because the CRP
targets highly erodible land and takes it out of production.
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GCLOSSARY
hilsorb--Te adhere to the surface of a salld.
hest menagement practice--4 precclice or cosbination of practices found to be tha
Eozt affectiva, pracrical means of prevencing or reducing the amount of
pallution generated by agciculture

consumer surplus--Monetary value of a good or service to cthe putchaser

demand--The mmount of o good or secvice » consumer is willing co buy et a
particular prioe.

arpdibilicy--The susceptibllity of & soll to erosion

eroslon--The wearing avay of land by water or wind.

eroslvicy- -The pocential ahilicy of rain to dislodge soll particles.
prosy éraslon--Tata]l soll moved by wvater from all land Teres.
Ejeldahl mitrogen-:-Ocganic forms of pitrogen, including smmonia,

nunpaint -souree pollucloo--Entry of affluent Inre a warer hody Erom & hrosd sres
cather than (rom & condantrated entry point '

NTU--Hephalomecric curbidlcy unite. Heasure of wacer claricy
mutrient--Chealcal that stisulates planc grawth

affatte beanaflicg--Senatles fram ersaten conceal that sceur downacresm from a
farm

point-gource pollution.-Entry of efflusnt Into s water body from a confined &nd
distinet source.

pollucant- cAny matacial presant in che envirooment {(alr, water, and zall} Ln
sufffeient guantities to causs economic or physical harm

sediment- -Sotl particlen cercied by warer.

shoet and Till erosion--Sell erosion cccurring from a thin layer of meil
jliceleles an the sucrfsce and Lrow small chanmils whiloh ses veooved during mormal
tillage oparation.

il conyervatlon practice--Any SCep or combinaclon of sceps Chsr prevents or
teducss soil erasion.

atraanbank sraflon--Eroslon al steeam chonmels.

gurface water--Any lake, rlver, strseam, estuary, Or ocean.
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turbidicy--Lack of claxicy In wacer caused by suspended sediment.

Universal Soil Loss Equation--Equation used for estimating the long-term average
annual rate of sheet and rill evosion on a fleld.

wacer conveyance system--Any construction that Cransports water, including pipes

and dicches.



Water Quality Benefits
from the Conservation
Reserve Program

Mare O Ribaudo=

INTRODUCTION

Ticle ¥IT wf che 198% Food Security Act authorized the Conssrvatlon Reserve
Program {CHP}, & program designed ve curb erosion and clean up waterways (L7} L1/
This report estimaces che cconamic benefics from ¢laaner watey brodght about by
tha CEP.

The CRF {5 s long-term land retirement program designed to help owners and
aperators af hlighly srodible cropland in conserving and lmproving the zoil and
wacar resoupces of their Farms and cenches. The goal of the CRP L to ramove
from produccion &40-45 milllen acres af highly erodible cropland by 1990 and to
put e lnte Erees of grasaland for a contract petvlod of L0 yeary, leading co
lmproved soll snd water rescurces. An operator roceives 50 pearcent of cthe costc
of sscablishing permanent cover snd yoarly rental payments vver the contcact
pericd Eo offset incoms loss

#griculcural activities gensrate materials that can be carried Lnto watorways by
cunaff and which can barm wscer users. HMast agrlculturally induced pollution is
nonpoint-soutce pallution in which the specifie mource canmmot be identified

(18} Fecm-generated pollutants Include nutrionts from chemicnl fectllizers and
animal mapure (primarily nitrogen énd phosphorus), pesticides, sediment, aod
dissolvad minevals and salcs

Eediment weshing off cropland and Lnto waterways can [ill reservolrs, bleck
navigation channals, Interfere with wacer conveyanceé systems, harm aquatic plant
life, and degrade recreational resources. OChemlcal pescicides and fertilizers
arg important agricultural inputs  But when thess pesticldes and nutrlients find
their way into wacerways, they can harm plant and animal life, And Lf they
reach high enough concentrations in drimking water, pesticldes snd fertilizer
nitrates may endangers haman health.

Chemical farcilizers and anlmal manure may promote the prématute aglng of lakss
and astudaries. hurting recreation opportunities, municipal and induscrial watar

#Hare 0 [ibaode L an sgricultursl ecomomisc wich the Besources end
Technology Division, Economic Ressarch Service, U.5. Departmenc of agrieulture

1/Underscored numbers Ln parencheses refer to Lteme clced Ln Refersances at che
end of chls ceport,



supplies, and commerclsl filshing. Dissoclved minerals and salta can clog
household and induscrial piping, and shorten the lifespan of appllances thmt use
water.

CONTROLLING EROSION IMPROVES WATER QUALITY

Natienal studies suggest that agricultural nonpoint-source pollucion harms
porcions of over two-thirds of the Nation's river basins (l8). Recenc
assessmencs suggest that nonpoinc-source pollucion may prevent the United Scates
from achieving irs vater qualicy poals even after planned point-source controls
are puC in place (l4). Suspended sediment and nucrients generated from farming
are clted as cthe most damaging nonpolnt sources of harm to the U.S. environment
(14). A survey of fisheries reporcs thac agriculecural nonpoint sources appesr
to influence water quality on more scream miles than do any other sources of
pollutants. Controlling soil erosion and using agricultural "best management
practices" are among cthe most effective ways rto improve stream habitats (J]l).

Off-farm damage from cropland erosion, recent estimates indicate, may be greater
than onfarm damage to crop yields (1, 2, 15). The firsc comprehensive estimates
of the megnitude of offsite damage from soll erosion were made by Clark and
others 1n 1981 (l). They estimated annual damage from all sources of soil
erosion at $8.1 billioen, nearly $3.5 billion of it from eroding cropland.

Damage was done to water storvage facllitles, recreacion facllicies, navigation,
commercial fishing, water conveyance facilicies, wacer treatmenc facilities, and
municipal and f{ndustrial users. Increased flooding from erosion also caused
economic losses.

Pocential for the CRP to bring about a major reduction in che discharge of
agricultural pollutants into waterways ls large, because of the large acreage
invelved snd because only highly erodible land is eligible to be enrolled. A
recent evaluation of soll conservation programs indicated thac targe€ing soitl
conservatlon programs at the fastest eroding land would greacly increase offsite
benefits and would likely result in a favorable benefit-cost ratio (15). It {s,
therefore, expected thac the CRP will generate a significant level of offsite
water quallcy benefics.

LINKS BETWEEN EROSION AND DAMAGE

The relacionship between soil eroslon and offsite damage is e complex one,
involving physical, blological, and economic links (fig. 1). One must
understand these links to evaluate the offsite benefits from che CRP.

The first stape of erostion i{s one i{n which soil particles are dislodged by water
and carr{ed to the edge of the field. Soil loss is generally considered to be a
function of rainfall erosivity, soll erodibility, slope, slope length, crop
management, and conservation practice (10). Soil is not the only item carried
off 2 fleld by runoff. Nutrlents and pesticides are also transported. These
chemicals cen either be adsorbed to soil particles or dissolved in the runoff
wvater.

The second link consists of soil and agrichemicals moving from che edge of the
field to natural or constructed waterways. The amounts of sediment and
chemicals that reach a waterway depend on factors such as distance, slope, and
the vegetation characteristics of the watershed.
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Fgure
Links between sofl eroslon and offsite damage

1. Loss of Soll and Nutrlents

rainfall erosivity
soil erodibility
slope characienstics
crop managemenl

consenvation practices

2. Mavement of Poliutants from Fleld 1o
Walerway

| diglance
slope .
| watgrshed vegeltalion

3. Physli¢at and Blologlcal Effects on
Water Quality

dissolved oxygen
temperature
sediment load
nulrient concentrations
lish populations
algae levels

4. Use of Water Resources

recreation
commercial lishing
navigation
waler slorage
drinking supplies
industrial supplies
urigation

5. Value Changes

consumaer surplus
treatmeni costs
avoidance costs

The third link {s between che agricultural pollutants discharged into waterways
and water quallty. Quality is expressed in physfcal and blologlcal measures.
Physical measures of water qualicy (nclude dissolved oxygen, temperacture,
turbfdity, pH, odor, nutrient concentrations, and concentrations of other
chemicals. Biologlcal measures of warer quality include fish populations, algae
levels, and zooplankton and bacterial coencentrations.

The fourch link is how chsnges in water quality affect the use of water
resources, The recrestlen potential for a body of water can be affected by
changes in lcs bioloeglcal chavacreriscics and physical appearance. For
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{ingtance, fewer flsh, foul cdors, algae blecoms, and turbldity can all reduce the
attractivenesa of a recreation alre. Suspended sediment, algse, and dissolved
chemicals can {ncrease the amount of filtering and treatment needed to purlfy
water and water used for industry. Eroded soll can clog navigation channels and
water conveyance systems, Sediment can fill reservoirs, affecting thelr abllity
ta provide drinking water, electric power, or flood control. Sediment buildup
may also recult im the need to dredge or prematurely rteplace reservoirs. Stream
beds clogged with sediment can lead to mote frequent and severe flooding.

The fifth link is the economlc relationship between water quality changes and
human activity. It Is expressed as changes Iin recreation demand, changes In
profits among water-using induscries, and changes in spending needed to
counteract ercslon’s harmful effects.

BENEFIT ESTIMATING PROCEDURES

Procedures developed for estimating the GRP’s offsite benefits are based on
these five links. The objective was to find ways to model these links so that
the effects of decreased soil exosion on farm fields could be tracked te cthe
eventual consequences on waCer users. 1 used farm production repions (FPR) for
geographic unlts so that regional comparisons could be made (fig. 2). all
benefits are reported in 1988 dollars, unless otherwise noted.

First Link

When the analysis was conducted, five CRP signups had taken place, for contracts
starting in 1986, in 1987, and in che early part of 1988. Approxlmately 23
million acres of cropland were enrolled {table 1). Sheert and rill erosion on
this lend was estimated to be reduced by 10.4 tons per year (3). The Universal
501l Loss Equacion (USLE) was used to escimate how much sheet and rill erosion
was reduced by converting cropland to grass or Crees {(21).

Future signups and erosion reductions were projected for the remainder of 1988,
1989, and 1990, based on the fnitial signup pattern (5). Table 1 also shows the
projected regional distribution of the 45-million acre program and accompanylng
anmual sheet and rilll arosion reductions. Since contracts are for 10 years,
these 45 milllon acres will all be enrolled in the program at the same time
during the 6-year perfod 1990 through 1995. Maxiwum water quallty loprovements
and benefics will be attained during this period, Sheet and rill ercsion was
estimated to be reduced by an average of 9.4 tons per acre per year for the
duretion of the entire program. The reason for the decline over the first five
cignups is that the moat erodible land is assumed to be enralled first.

Exosion reductions attributable to tha CRP can be compared with gross erosion
levels assumed to exist before the program began. Analysis rested on the
underlying assumption that 1982 erosion levels would continue if there were na
CRP. The most recent eroslon data available were for 1982. They come from che
Narcicnal Rescurces Inventory (NRI) (16). Total annual water-induced erosion was
estimated to be 4.9 billion tons {(table 2). The CRP was estimated to reduce
annual sheet and rill erosion by 422 million tons during the é-year peried when
the most acreage would be under contract. This figure is an 8.6-percent
dacrease from prepragram levels.

Data used Iin estimating eroslon were obtained from several sources. Data on
sheet and rill erosion of nonfederal rangeland, cropland, pastureland,
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Figuro 2

Farm productlon reglons

Northern
Plaing

Table 1--CRP enrollment and annual erosion reductions, by region

CRP _to date Projecced CRP 1/

Region Area Soil saved Area Soil saved

1,000 M{llion 1,000 Million
acres tons acres tons
Appalachia 759 21.4 1,969 45.4
Corn Belt 3,269 61.8 7.648 121.6
Dalta 679 15.3 1,432 28 .8
Lake States 1,983 16.8 3,788 29.4
Mountain 4 863 29.4 8,469 41.9
Noxrtheast 109 1.5 730 8.1
Northern Plains 5,225 46.1 9,630 70. 4
Pacific 1,468 11.7 2,649 18.8
Southeast 989 15.7 1,905 27.2
Southern Plains 3,653 18.7 6.779 30.13
Total 22,997 238 .4 45,000 421.9

1/Projected enrollment assumes no changes in enrollment criteria.
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forescland, plcs, mines, yuarries, and ncher vursl land wave ohtalned from the
1582 WR1, while date on econlen of gullien, screambanks, rosds, wnd construction
sices wore obtalnad from the 1977 HRL  Dets an stoalon of Federal cangeland,
forescland, &nd cropland were ohesined from Resources for the Futuce (RFF) (1)

Hore recent estimaces of hasslins naclonal aroflon rdaces would have Basn useful
for the snalysis, but they do not exlat, FEreslon Ls known to have heen reduced
on some ctoplamd becsuse of lnltlaclives such am the Agrléultural Conssrvaclion
Frogram, the Conservacion Tachnical Assiscanas propram, and the Grest Plaina
Canservatlon Program and because some [armers are adopting scll sonsarving
practices such as conservation tillage. Alchough Lt would be possibla to adjust
the 1987 NR] dats to sacount for consacvatlon prectlcas usad unthl L9B6, ic 1w
not possibla to mccount for changes Ln eroslon on land that was nevar enralled
in conservation programs  Thecelore, no attampt was mads to updats the NRI
data.l/

aocond Link

Reduced soll eroalon and fertillasr use alfect the smounts ol sediment and
nutrients discharged Into waterways, Table 3 ghows base levelt of suspanded
sadlment (T55), tocsl Kjeldahl nitcogen (TEN], and total phospherus (TF) that
are dlgcharged (nto waterways seach yedr, as estimacad by RFF () Dlacharges
include materials attached to sotl parcicles, muttients dissolved i runeff,
matecial from ather nenpolnt seurces, and materlal orlglnsting from poine
soutces such as sowage treatment plante. RFF sstimaced the dischargs of
materlals sesoclated wich goll parcicles by sstimating sadisant delivery raciocs
and attachad pollutant cosfficients, then applying them to tha soll eraslan data
{1 Sediment dellivery catlos ave & functlon of stgeasm dénsicy and zoll Cype

2;1 naw WRI was conducted Ln LRAT, but chs reaulcd are noc yac svallablas

Table 2-.Gross anmual soll erosion in 1982, by region

Fasturef
Reglan Cropland Lange Forest Stream fithar Tatal
Hilllcn cons

Appaiachis 181 8 L7.6 69 .6 1% .6 150 1 &8y 0
Cocrn Balt EBG ] 50,3 7.9 152 1.1 §ET &
Belca 23,9 1.8 25.6 &]1.9 ] 9 1471
Lakes States 129 & 5.9 10.8 10.8 23.3 180 &
Hoontain 2 5 i70.2 184 .2 El.1 is7.9 1769
Hortheast &7 5 B 2 18,2 1.5 7.2 1BE &
Korthern Flains 281 & 8.5 “.2 5T.3 157 .8 6% 0
Pacific &8 & Bi. B 184 & 71.4 61.4 678 .6
Southeasr & .0 5.5 2.0 19.8 108 3 1597
Soiuthern Plalns 112 .4 145.0 18.2 91.2 109.1 90 |

Total L 636 & 1512 784 1 $52.%  1,000.3 4, 92%.0




Attached pallutant coefflelancs are the tatios of che walght of the nutriencs
accached to soll parcieles co che weight of soll parcicles.

RFF used a nucrient simulaclion model ro estimate the smount of macerisls
dissolved In runoff from cropland. Wonpolnt urban discharges were estimacted
uging an urban runoff model. Informactlen on dlschorges from poinc sources was
obtained directly from U.5 Envirormental Protection Agéncy dlscharge permics.

Shares of the discharged macertal originaring from croplend are aiso shown
reable 3} Croplsnd ls & sueh greacey concriburer in some reglons chamn in
ethers. The CRPF's potentlsl effects on water quallcty appear te be greatest in
reglons whete eropland's share of the materlsl discharged L= slgnificsnt, such
as in the Corn Belt, Lake States, Nertharn Plains, end Delca

Declinen in dlscharge of T58, TEN, and TP brought about by the CRP were
estimated by using the seme Information RFF used to estimate annual dlscharges
Escimates of srosion reductions sttributable to the CRP wers made for vech of
the 99 Aggregated Subareas [ASA‘sz), ASA's are hydrolopgic unles, usually che
basins of major rivers, for which there are dabs on the discharge of TSS, THEM,
and TP, and which are relevant to the study of vater gualley (fig 1)

Reducclons (n sediment discharge wers estimated by applying the sedimant
delivery ratlo for cropland im easch ASA te the ercelon reductions sxpected from
the CRP Declines In TEM and TP attached co sediment wore astimated by applying
attached pollutant coefficients for TEN and TP on cropland eroslon in each ASA
to tha reductions in sedimonc, discharge., Changesa in TEN and TP discharged Ln
dizaalved Fform were then estimated by calculating the sverage discharge of thase

Table }-<Annusl discharge of svaipended sediment, Mjeldahl nicrogen, and
phesphorus, by reglon

Taral TS5 from Tocal TEN from Total TF from

Heglon TSSL/ cropland THENZ/ cropland i/ cropland
Millien 1,000 1,000

Eoing Fercent Fong Perecent Lana Percant
Appalachia 275.5 2.2 E70.8 346 148 1 26.7
Corn Belt 516.13 9.0 2.059.2 7L LT 72.0
Delta 1L37.5 L9 .7 270.8 52.% 5T.& 45.9
Laks# States Fa4 i, 0 5549 1 £1.9 51.7
Hountaln 067 12.9 BE3Y. 9 18,7 258_2 16 1
Hortheast 9.7 0.2 5R9.0 21.4 135.0 246
Horchern Plains 1049 & &), 7 %4 .7 531 190,00 49 0
Paclflie 1839 15.7 FLY.9 16,7 396.2 a8
Southesst 116.1 303 273.2 3.0 45.0 26 9
Southarn Plains 2652 0.5 %0 24,6 75.4 22 2
Total £.281 .3 Ja.7 e Y 4.9 1.702.8 335

1/T5858 = rocal suspendead sediment,
2/TEN = toctal Kjeldahl nircogen.
/TP = total phosphorus. '
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sacerials per dcre of froplend In sech ALA (fro= AFF dacs) and applying cha
resulcs o che mumber of scres undar contract. The RFF daca assume no nutriencs
are lost in dissolved [orm (rom foresr or pastute. Stewambank eroslon was
assumed pot co incresxe Ikn responze to s decreass in surface sources of
sadiment, Tahlse 4 dhowe the anncal reductiens In the discharge of T35, TEN, acad
TP axpected (rom ctha CRP vhan all A5 milllon acres are under contract

Thizd Link

CARF's affects on mablent vatet quality comditlons are needed to estimate Che
benafits to water treatwment plants and to recreatien, The lack af a
quantifiable relationshilp hetwern discharge and ssbienc concentrarions ar ths
reglonal leval has bowmn an sbdtocle ln pasc snalyses.

This analysls surmsunted chat obstecls by estimating three models thac link
discharge to averapges concentracions at che ASA wacoyshed level, Thus, ad hsoc
sssumptiona sbout tha relaciomships betwsen dlscharge of TN, TP, and TSS and
concantrations of thess miceclals are svoided, The dependent variables In sach
model --average concentrations of TEN, TP, or TES--wes escimeted For esch ASk
using data frowm cthe U, 8, Ceological Survey's (USGS) Maclonal Stream Qualicy
Ancounting Netwark (MASQUAN)

Fach of 470 vater quallty monltoring starlons was locared in relarion co an ASA
LE & scaclon Was located nesr the border of twa ASA's, it was assumed to be

Table &- - Maximpn gnnusl reducclong in pollucant disshecges resulting from che
CRF, by reglonl/

Raglon TS52/ TEHY/ LL: T4
1,000 1,000 1,000
Lo Esrcent Lons Lurcent Lons farcent
Appalachia 23,210 B4 58.5 8.7 10.5 7.1
Corn Balcr 61,678 12.0 249.1 12.1 1.2 11.9
D=lea 16,427 i1.% M.l 11.3 5.1 19.&
Laks States 10,325 1.3 9.7 13.1 5.9 Li.&
Hountalin 0,421 g, A 7O & g0 20.1 7.4
Horchaaat 3. ETO b 16.4% 2.8 %, 0 j.0
Havcharn Plains 33,960 11.0 123 .1 15 & 25.1 13.1
Pazific i, 904 &.9 0.0 : B 11.1 1.9
Sourhasst 12,3140 10.6 0.7 11 2 7.5 1.4
fouthetn Plains 14 417 5.5 312.1 T 1 £.2 5.8
Tatal 0%, 348 5.0 E96.5 § 4 in.1 Y |

L/EBacimares baznd on complece CRP enpollment, In which &5 milllon scres are
undsr contractc.

2/T558 = total suspsnded ssdiment.
3/TEN - total Kjeldshl nicrogen.
&/TPF = cotal phosphorus.



weamurlng the water gquellty of the upstream ASA.  Avardge concentratinns of TEN,
TP, and T5S wvere caloulated for esch ststion using dats from cthe yssrs 1987 end
LAl LF an ASA contalned mora than ons statian, station mesans wers averaged o
coleulate an ASA maen. No welghts vere ssalgned co station means co account for
dlfferencas In flow ar dralnage arsa, The averages vare traated as the
concancrations which would likely be ancountered on any piver or strasm in the
ASA at any time of year

A drawbach to ualng wnly HASQUAN daca ia that no monitering ntationa are located
on lakes, end Lakes ave an ilmportant vecrestlen resource. Hewever, there I3 ne
consistent patflonal database for lske water qualicy, so it was assumed chac
MASQUAMN data also saflect Laks water gquallicy

The isportent explanatory varlable In sach eguation vas the amount, messured by
wnight, of micerial discharged inca che watervays of on ASA each yesr [rom all
sources, fHacharge wvas eswpectad ta affent conoantration posit|valy

™a concentration of & mecerial in a rviver sysram depends on both che amount of
the matarisl diechacged and che volume af flow, Hesn dally flow st che ouclec
af mach ASA wan Included as an axplanatory varisble This informaclon was
phtairmd from the V.5 Water Besourses Council (19) Flov waa ewpected te
affacr concontration negativaly in asch sodel

Sedimsent snd pollucancs actachad o sadisent will setcle out, if water [lows
elowly sncugh I sonltoring satatlons are commlstently located downatream fron
resarvolrs, measursd concentraclons are Likely to be lower than expected, glven
upstrasas lnadings Total volume of water storage [or an ASA wvas locluded in
sach ggquativn to capture ths lnfluence of sterage on concencration. This
information vas obtalnad from tha U.§, Watsr Rasources Council (19). Scorage
was sxpectad te aflfect concentretion regatively.

A log-llnear functlon was selseted ta represent the telatlonthips bérween
matecial concenctracion and che explanatery variables:

¥ oo wiflndixy? (1
wWharae:

Y = macerial concentration (mllligrams/licer)

%1 = matarial dischargs (velght/yeasr)

X3 = scveam flow (volume/dey)

Xy = watat storags (volums)
A daalrable charanearistic of chils specificacion 15 that che marginal «ffecc on
concentration ef a change In loadings Ls not pecessarily independent of the

level of flow and storage In am ASA. Using & linear function, the savginai
effect would bae clie same For all ASA's,

Equation (1) was estimaced scpavataly for TSE, TP, and TEN, Each of the thres
squatlona was estimated using ordinary least sguares regression. All thres

estimitad squatlons wars atatistlcally significant at the 99-percent level, and
the signs of the explanatory varlables wera as ewpected (table 3). Predictions
of concentrations had wlde variances, sspealally cthoss for concentratiens of 77
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and TKN. All explanatory variables but scorage were signlficant at the 99-
percent level.

Estimating stacistically significant functions that conform to expeccations was
encouraging. It appears that, desplite the use of highly aggregaced data, the
relatfonship bectween pollutant discharge and concentrations can still be
observed. Alchough the estimated equations cannot be used to estimate
concencrations precisely, they can be used to escimate changes In a water
qualicy index that measures the general sulcability of water resources for
manufacturing and recreation.

Fourt ifch Links

The fourth and fifch links are discussed together, since they are closely tied
procedurally. The economic demage estimated to be caused by soil erosion are
shown in tables 6 and 7. Damage to recreation, commercial fishing, municipal
and industrial use, and steam power cooling was obtained from findings of Clark,
Haverkamp, and Chapman (l). Damage to water storage was obtained from findings
of Crowder (3). Damage to water treatment was obtained from findings of Holmes
(3). Damage shown In tables 6 and 7 is assumed to be caused by erosion and
discharges shown {n table 2 and 3. Damage per ton reflects the regional
differences In demand for water services. 1If one were targeCing erosion
controls based on maxlmizing water quality benefits regardless of the cost,
regions with the hipghest damsge per ton would be selected first.

The economic effects of diminished agriecultural nonpoilnc-source pollution on
roadside ditches, irrigation canals, navigation, water creatment facilities,

Table 5--Results of water quality model estimation

Pollutant
Variable TSS1/ TKN2/ TP3/
Incercept 3.27% -1.04x -2.76%
(.5)4/ (.21) (.34)
Discharge .88% L21% .35%
(.11) (.05) (.08)
Flow - 40% -.21% -, 22%
.0N (.03) (.05)
Storage -.08 -.01 -.06
(.08) (.03 (.06)
Adjusted R’ b 33 .22

1/TS8S = tocal suspended sediment.
2/TKN = total Kjeldahl nitrogen,
3/TP = total phosphorus.

4/Standard error in parentheses,
*Significant at the l-percent level.
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Table 6--Arnual offslte damage from soll erosion. by damage category

— Offsice demage
Damage category Bastl/ Ranpe

Millton dollars
Freahwarer racreatlan 1,080 g4 - &, 539
Marlma recreation 599 %39 - 1.1
Water storags 1.0%0 654 - 1.50%
Mavigstion TL9 $31 . 91}
Fleoding a78 653 - [, %468
Roadslds dicchas 335 268 - 20
Irrigation ditchas 118 $9 - L9
Freshwatar comsercial Eizhing &0 1 - [
Marine comsercial fishing 180 14 - 5)0
Municipal watar traatmant Sk M - 1,607
Hunlglipel snd imdustrisl uss 1,186 BhY - 1.59%
Lrnan powary cooling Fi ] 1 - 15
Total 8.785 5.0582 17,605

L/Dest astimate s the most llkely sxcenc of offclce damags.

Tahla 7--Offeice damage,

by reglon

__.._.nr;mnm__ Damage por

Reglon Bestl/ Rangs ton af erosion
» = - Miilien dellers - - Ballacs
Appalachia &840 39 - 1,100 1.41
Corn Balc 1,111 S48 . |, 568 1.1%
Oalts Scates 592 6T - 1,984 1 .64
Lake Statos 674 31 - 1. 085 1.7
Mounteln 871 4%y - 1.11] 1.12
HocChomat L.317 TRE + Z.8633 T.86
MartteTn Plalins 111 s - 1,693 57
Pacifle 1, €80 1,007 . 3,220 7. 48
Southeeat 479 Fs - SR ¥ | 1.%2
fouthern Plaina g9 563 - 1.907 2.02
Toval & 283 5.0%7 :17,.40% 1.78

1/Bear esctisace is the most likely axtent of offilte damage.
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municipal and industrial water use, flooding, water storage, and recreation were
estimated. A varlety of mechods was used to estimace chese effects. They fall
into three general categories based on different definiclons of benefics.
Benefits can be defined in texms of changes in defensive expenditures, cbanges
in production costs, or changes in consumer surplus.

Defensive expendicures are outlays made to prevent or counteract damage from
pollutants. 1If defensive expenditures are a perfect substitute for pollution-
induced reductlons in service, then changes In defensive outlays that accompany
changes in the pollution level will reveal marginal willingness to pay for
Lmproved water qualicy (). Marginal willingness to pay, the smount an
{ndividual is willing to pay to acqulre the atated quality change, is che
desired measure of benefits. The goal of a beneflts estimating approach is to
estimate changes {n defensive expenditures. Bacause there 1s no such thing as a
perfect dufernse from pollution damage, reductions in defensive outlays likely
undexestimate true benefits (§).

Water qualiry can be a perfect substituce for an input Iin cthe production of &
good or service. In this case, benefics from cleaner water can be estiwated by
measuring the change in production costs. Cost savings are a true measure of
benefics in a case in which change in total costs does not affect marglnal cost
and output (8). Even if msrginal cost 1s reduced, this approach could be used
as & lower bound estimate of true benefics, but only if the change in output is
small (§).

Vhen water quality is & determinant of demand for a good such as recreation,
benefits from cleaner water can be escimated by measuring the change in consumec
surplus for the good as water quality improves. A change {n quality causes the
demand curve for the good to shift, The value of that change in gquselicty, the
change 1n consumer surplus, ig measured by che change in the area beneath the
demand curve. Change in consumer surplus can be estimated direccly if che
demand curve 1s known, or with a survey method which measures wlllingness to pay
for the qualicy change.

Roadsjide Ditches

Sediment carried off farms can £l11 roadside ditches and flood voads. The
appropriate measure of benefits from reduced ditch sedimentation is the change
in consumer and producer surpluses defined by the demand for and che supply of
toad transportation services.

Data for estimating changes in economic surplus were unavailable, so a procedure
based on the defensive expenditures approach was developed instead. Changes in
outlays that accompany changes in the level of sediment discharge reveal
marginal willingness to pay for more road services, which Is the appropriate
measure of benefits. Ditch cleaning and road services are assumed to be perfect
substicutes, and the level of ditch maincenance performed by public agencies is
economically justified,

A damage function relating the annual costs of road maintenance to erosion and
input costs was estimated to project benefits from reduced roadside ditch
malntenance. Data on ditch maintenance costs were obtained from State highway
departments. Total State sediment removal costs were specified as a function of
gross eroslon, rural road mileage, and the cost of removing a cubic yard of
sediment. The equation represents the links between erosion and damage from
ditch sedimentation,
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Resulrcs Indicated that esch 1,000 rons of gross aresion treansistes [noe averags
ditzh maintemance costs of 579  Annual benefice [roa reduced sroxien ander the
CRF vere eatimated by muitiplylng srosion reductions (ln 1, 000:con unfce) ar vhe
FPR level by 579, Hesults are prohably underestimscsd, becauss dlceh
maintenance is probably an foperfect subscitute for romd services. Reducea
sediment huildup In rosdside dicches will increass cransportatlon services as
well a2 decresse maintenance costs A range of baneflts was estimaced by using
the sndpointe of the Pi-patcent confidance intesval atourd the smacimated
coeffleient for gross erosion.

Irpdgarion Cunals

Marelents and sedlment orlglnating oo fields can cause sxcesslve sedlment
tuildup or weed growth Iin irrigation canals. ilmpeding water [low Ln che
Lerigstion system Estimates of defenaive axpondlturss for wesd contrel and
ditoh olegring were svelilable for sach FPR {13), Assuming that ihewe
expondituces ure perfect substlouces for lerigacion services allows one to
equate benefice with reduction in operation amd malntenance costs A llnsac
celationship batveen anvusl cosks and eroslon vas assussd, Iln whilch & percencupe
decrease Iin ercslon rasulcs In the same pevcencages decveasa {n malncansnge
costs. The percencage yeductlon In grows ercalon from the levels described in
cebles 2 ware autimaced for amch FPR and applied te ths damage encimacew,
producing an estimate of banefles. Thess banefles are probably underesclimated
becauss lrrigacion ganal maincensnce 1o probably an Leperfecc subscicuce for
Levlgacion services. The defensive expendltures approach does not cxptuts the
total increase In services provided by frcigocion dltches A range of banefirs
was caleulated by repescing the procedure with high and lov sstimates of dasage
darived from esatimutes made by ﬂtlrh. Haverkamp, snd Chapman (1),

HaxLEall oo

Sodiment deposlted in hmajor wacervays can sl)lc up navigscion channels, hindering
shipping. Only ssallar ships may be alile to negotiate channels, ctranslt time
may Inoreass, and groundings waey becoms more fradquont., CHannel dredging §s one
way e eountafact sedlment bulldup, snd it wes sssumed that dredgling e »
perfuct substicuce for shipping services. Benefitzs from reduced sedimenc
dicchatgn undar ths CHF could he sscimated {rom (he projectsd cut in dredging
CORLE.

Extimacen of anvuael dredging costs wers available at the FPUL leval (l3). A
Iinasr relavionshlp betwesn sudimant discharge and snnual dredging costs was
pasumed. one in which & percentage reduction in discharged sediment results Ia
the sase percentage reductlon in dredging cosats The percentzgm decreass (n the
discharge of sediment from the levels described In ceble ) were sstimated for
seth FFL and appllied to damages. Tha reasulting reductions In damage are
sitinatas of bevwflitea. Rewults are probably underestimacted, because dredging
and watar transportation services ars probably imperfact suhatritucez A rangs
of bepallts was estisared by repesting the procedurs with high and lov esclestes
of dradging coscs darived from Clark, Hoverkamp, and Chapman (])

¥arer Treatment

1f srinking water sources contain sediment. bacteris, end other materfals, the
vater must be treafed bafore bt can be distribatad. If lower concentraticns of
thess pollutants reduce treatmsani costs, then the reduccions sre a messurs of
besmfilts of Improved watet quality. This lime of ressoning follows tha “coat
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savings in production* appreach re measuring benefits from water quality
improvements. Watex quallty is assumed to be a perfect substitute for water
treatment in the production of drinking water. An increase in water quality
leads to a decrease in factor ipput casts., 1f the quality of delivered water is
not improved and {f there iz no change in the price of delivered water, then
benefits are measured exsctly by the drop fn treatment costs. If the quality ox
price of delivered water changes, than account must be taken of changes in
consumer surplus. It was assumed in this analysis that the price and qualicty of
delivered water do not change when the quality of withdrawn water changes. The
assertion seems to be & teasonable one for a utility like drinking water.

annual benefits to the water treatment findustry were estimated using a watec
creatment cost model developed by Holmes (8). A water treatment plant’'s costs
were specified as a function of water production, Influent water quality
(turbidity), distribuCion costs, and the prices of other inputs. Using Holmes’
model, the cost of treating 1 gallon of water to reduce turbldity 1 unic was
calculated for each of the 99 ASA’s.

Using equation (1), changes in TSS concentrations actributable to che CRP were
estimgted for each ASA. The changes in TSS concentratfons were then converced
to chenges in turbidity (expressed in NTU's) using an egquation estimaced by
Helvey, Tiedmann, and Anderson (8). The estlmated change 1n turbidity for each
ASA was applled to the per-unit treatment cost, resulting in an escimate of the
change In treatment cost [n each ASA for the average municipal water treatment
planc. Cosct reductions were then expanded to gl) treated water in each ASA.
Finally, the resulcs were aggregated to an FPR basis. A range of benefits was
estimated by Increasing and decreasing the per-unit treatment cost 50 percent.

Municipal and Industrial Use

Water delivereo to municipalities for household use and surface water withdrawn
by industry for cooling and manufscturing may contain dissolved salts and
minerals that reduce the water’s ucilicy. For example, minerals and salrts can
clog or corrode pipes and shorten the life of bollers, water heaters, and
household appliances (4). Water used in industrial processes such as
papermaking and ford processing usually must be high qualicty and Chus musc first
be treated to remove potential contaminants. &ny solil conservation effort that
reduces erosion will also reduce dissclved minerals and salts ip waterways.

The appropriate approach for estimsting benefits of improved water quality would
be to use a damage fumction or treatment cost functlon that includes mineral and
salt concentrations as explanatory variables. Such funcrions were net
available, however. Alternacively, estimates of total damage to industry and
households from disscolved minerals and salts were available ac the FPR level
(l3). This anzlysis assumed a linear relationship between annual damage and
sediment discharged into waterways, whereby a percentage decrease in sediment
dischaxrge from the levels reported Ln table 3 result {n the same percentage
dacrease {n damage. The percentage decreases in dlischarged sediment
attributable to the CRP were estimated for each FPR, then applied to damage
estimaces. The resulting reductions in damage are the beneficts of improved
water gqualivy. A range of benefits was estimated by repeating the procedure
with high and low estimates of damsge derived by Clark, Haverkamp, and Chapman
(L).

15



Stsam Cooline

Fowsr plants pEten withdias Jarge smounts of tew watel divestly [rom weisrwiyd
for coeling. Watar contalning mutrients can promote algss growth Ir the cooling
system, reducing cooling afflciency Suspended sadiment can hars cha cooaling
systom's moving parts. Like punicips]l water trescsent plancs, power planis
wichdrawing poor-quality water may have to Creat iz No creatment cost functisn
was svailsble. nor wvas there & damage [unction felsting water quality to loss of
coolling systen efflelency. Anmusl damage sstinates vers svallahls ac tha FPR
level, hovevar (11} The wathod for esclmating banafita from CAF-induced wvatar
quallty leprovements was the semse ons saployed for municipsl end induscrisl wes
the percancage Teduction in ssdiment discharged in sach FPRA vas spplisd ta
damage. A rangs of bensefits was computed by repeating the procedurs with high
and low escimares of aceam-genoracing pover plant costs derived by Clark,
Havachmep, and Chapman (1),

Elsoding

Sediimant kn sccesmn cap {ncvesse Cregquency and sevarity of flooding, Sedimant
depokles can calis the stveam bad, teduclng the sability of rha stream chanmal oo
handla high Flows Ssdiment suspended in (lood vacars can alea causs dsmage
when Lt f» depoalted eucnide cha strean ghannal on roada,. on farm flelds, and in
b ,

Two mwodels are neadail to entlmate benwefitn Crom reduced sediswnt discharge. One
ia &4 model of the ralacionship becwesn sedipont dischavpgs and (lood
Fraquency/flond helpghes  The ethar |s a sadal Linking flend Crequency, flood
hetghr, and [lood platn population danmity te economis dassge Mo guch models
uare avallable Far linking sedipant dischargs to flood damapgs. MHowever,
escimatan of armunl avaslon relaced damage from flooding were avallable ax the
FPR leval (11). The relaclonship batwean sediment dlachayge and danage was
mamumnd to ba tha sama as cthe relarlonahlp batwesn sediment diascharpge and
municipal /industyinl use Benefits were estimated by determining the percentsge
decreasa In gedimant dimcharge In anch FFR from the levels reported in tabls 3,
then epplying the results to domage. A range of benefirs was estimated by
repeating the proceduce with high and lov macimates of flonding demage derived
by Clark. Haverknmp, and Chapman (1),

Woter Scocnge

fams bulle te store wvatar alew the flov of vater, eausing sellmant co settla
aut  Ax sediment bullds up behind cthe dam, It reduces che reserveir’s usaoble
storage capacity, and may eventually FI11 fc up sotleely,

Tha spptopriste sessure of bemmlics 1= che cost of replacing lost resecvois
capacity (1), Dats on sstimated arnmual replacemsnt cost of lowt cewervelr
starage capacicy Iln sach af tha 10 FPR's ware avallshle (J). A linssr
relacionahip between annusl damags and sediment dischargs was answsed, one In
which a percentage decrwasv in sediment dlichargs Ffrow the lavels reportad In
table 1 result in the sameé parcemtage decreans in damage Decreases in
dlscharged sediment for esch FTH wvers astimaced, then appllied to damage. Thw
resulting reducstions in damage are benafits of reduced sedimentacion. A range
of benellics was secimared hassd on the cenge of resarvelr constructlon eosts
ceported by Crovdar (1)

L&



Freshwater and Marjne Recreation

As nonpoint-source pollution is reduced, fresh- and saltwater recreation
Increases. Recreatlonal benefits hinpge mainly on changes {n amblent wacter
qualicy.

Concentrations of nutrients and sediment affect the biologlcal healch of a watev
system. Nutrients promote algae and weed growth, which can hinder swimmers and
boaters. Too many weeds and algae can also change the composition of fish
populations, Highly desirable cold water sport fish are replaced by less
desirable warm water speciles. Suspended sediment makes swimming and boating
less appealing. Suspended sediment can harm the healch of fish and limits their
abilicy to find food. Spawning grounds can be destroyed when sediment settles
out.

Escimating recreational benefits of improved water quality requires a model that
links changes i{n water quality to changes in recreatrional activity and consumer
surplus. Although data required to estimate such models are not generally
available, dace requived co estimate a recreational fishing model were
avallable.

The model consisted of two parts, representing the sequential decisilons en
individual is assumed to make in deciding how much to fish in a particular year.
The flrst declsion is whether or not to fish. The second decision, for those
who decide to fish, is how often to fish. Both decisjons are hypocthesized to be
functions of the supply and quality of warer. Together, the two models can be
used to estimate changes in fishing days from changes {n water quslity. A
dollar value for changes {n fishing days cen be obtained from published sources
(12). A value of §25 per fishing day was used.3/ A range of benefits was
estimated by assuming that the lower bound would be 0 fishing benefi{ts and the
upper bound would be twice the estimated £ishing benefits.

freshwater and Marine Commercial Fishi{og

Offsite effeccs of soil erosion on commexcial fisheries are essentially the sane
as those on recreatlonal fishing. Pollutancs inhibic the abllity of wacer to
support fisheries. 4 model linking water quality to commercial fi{shing success
was not available. Estimates of damage to freshwacter commercial fishing were
avallable at the FPR level (13). Commercial fishing benefits were not estimated
because links between water qualicty and damage to commerclal fisherles were too
complex to adapt to simple estimating procedures used earlier In this analysis.
Moreover, it was felt that these benefits were 1likely to be small.

RESULTS

Water quality benefics from the CRP were estimated for each year acreage would
be enrolled (1286-99). The present value of the benefits generated by the
Inicifal five signups of 23 million acres ranged from $1.2 to $3 billion, with a
besc estimate of §2.05 billion, or about §$89 per acre (table 8). Benefits were
estimated with a 4-percent discount rate, the approximate long-term real racte of
return on capltal. Estimates were made under the assumption that land set aside

3/8ee the Appendix for a descripcion of the model, its estimation, and
results.
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for conmservacion would revert to crop production ot the end of the CRP contract
period.

Mapy assumptions had to be wede to estimate benefits, and the accuracy of much
of the dats was uncextain. Actual benefits sre expected to fall insilde the
range, with the best estimate being the most likely.

Per-acre benefits vaxied widely, ranging from $41.2 in the Northern Plains to
$321L.1 in che Delca. Per-acre benefits depend on botrh per-acre erosion
decreases and demand for wacCev services, indicated by the per-ton erosion
damages (table 7). Pfer-scre evosion reductions were relatively high in the Coxn
Belt, but the damage psr ton of erosfon wgs very low. As & result, a region
Like the Norcheast, chavactevized by wodest per-acre veductlons In erosion but
high damage per ton of eroslon, has much higher per-acre benefics.

Resulcs show the need to know damage amounts &s well az erosion rates when
cargeting consexvation programs to improve water quallty. WNoce chac Ln che
Houncain, Northexrn Plains, and Souchern Plains reglons, veducing wind evosion
was a8 major goal of the CRP. While che benefics from reducing sheet and cill
eroslon are low in these reglons, beneflts from reduclng wind erosion may be
high.

Table 9 sumpsrxizes benefits based on damage category. The most incecescing
resulc is the zero benefit for recreatlional fishing. Recreatlonal fishing
beneflcs depend on achieving specific water qualicy threshold levels. The
estimaced erosion reducclons for the first five CRP signups were Lnsufficlfent co
penérate water quality Ilmprovements needed to influence fishing.

Table B--Present value of offslce benefits of CRP over contract period,
by regionl/

Escimated benefics

Region Best2/ Range Per acre
- - - Million dellayrs - - - Dollaxs
Appalachia 137 80 - 185 180.5
Corn Belt 267 148 - 186 81.6
Delta States 218 134 - 308 321.1
Lake States 255 146 - 362 128.5
Mountain States 326 177 - 477 67.0
Norctheasct 29 17 - 4] 267.7
Northern Plains 218 114 - 323 41 .2
Pacific 185 103 - 273 126.1
Southeast 174 104 - 249 176.1
Southern Plains 241 128 - 356 65.8
Total 2,047 1,151 -2,970 85.0

1/Estimated benefits are for the CRP contract perlod, based on 23 million
acres enrolled in the first five signups,
2/Best estlmate is the most likely extenc of offsite benefit.
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The present value of the estimated benefits for the entlre 45-million acre
program ranged between $2 and $5.5 billion, with a best esctimate of about $3.7
billion, or nearly $82.6 per acre (cable 10). Compared with the 23-million acre
enctollmenc, per-acre benefits for total program acreage declined Iin most regions
because the most erosive land is assumed to be enrolled firsc. Per-acre
benefits in the Appalachian region, however, incressed becween the inicial
signups and the projected finel enrollment. The reason for the fncresse is chat
recreational fishing benefits were realized for the projecred CRP (table 11).
The enrollment of 759,000 acres in the Appslachian region during the fnitial
signups was insufficient to generate the necessary lmprovements {n water
qualicy. However, the projected enrollment of an additional 1.2 million acres,
for a 2-million acre ctocel, would increase recreational fishing. The Corn Belc
also showed an increase {n vecreational fishing benefits.

Results can be compared with offsite benefitrs estimated for the move traditional
soi]l conservation programs such as the Agriculcural Conservation Program (ACP),
the Conservation Technical Assistance program (CTA), and the Great Plains
Conservation Program (GPCP). These programs are also voluntary, but are noc
targeted specifically ac highly erocdible land. As a resulc, these programs’
per-acre soill erosion reductions and offsite bepefits are less than cthose
generated by che CRP.

A 1986 economic evaluacion of ACR, CTA, and GPCP revealed that about 65 percent
of che cropland enrolled in these programs In 1983 was evoding at less than 2T
(13). (T is defined as che maximum race of annual soil erosion that may occur
and scill permic a high level of c¢rop productivity to be obtained economically
and indefinicely (21)). Cropland had to be eroding at a rate exceeding 3T to be

Table 9--Present value of offsite benefits of CRP over contracc period, by
damage categoryl/

Estimated benefits
Damage category Best2/ Range

Million dollars

Freshwater recreation 0 0 - 0
Water storage 3913 196 - 589
Navigation 272 193 - 338
Flooding 348 233 - 551
Roadside dicches 144 55 - 233
Irrigation dicches 27 14 - 32
Municipal water ctreatment 410 204 - 613
Municipal and industrial use 443 245 - 541
Steam power cooling 10 11 - 15

Total 2,047 1,151 -2,970

l/Estimated benefits are for the CRP contract period, based on 23 million
acres enrolled in the first five signups.
2/Best estimate is the mosc likely extent of offsite benefic,
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Table 10--Preszent value of affsice benefits of projected CRF over comErack
period, by reglonl/

Eaclmated benefics

_ Replon Bestd/ Rarige Per acte
ippalachis 611 162 - 4] 208.8
Carn Balt £07 284 - 910 9.3
eles States 185 283 - 558 276 .0
Lake Statas i3h 2659 - BL17 Lis &
Mountein Srates 477 258 - 489 55.13
Hartheast 12 9 - 18K 18] .2
Mofthern Plains 31l 170 - u@? 11,4
Pacific JEE 158 - 422 107 .9
Gouchrase 243 175 - 419 1%3.8
Southorn Plalns 359 192 - 511 53.0

Tatal 1,716 1,910 -5 507 A2 &

J/Estimaced beneflts ara projected for the entice CRP program,
45-million-atre entallment.

beged an Full

2/Best estimate 1s the most likely extent of offsice benefic

Table 11--Present value of offsits beneflits of projected CRP over concract
pertod, hy damige categoryl/

Esbimated bapeflbs

Damage category Bestd/ Runge
Millten dollats

Freshwater fecraatlen £24 0 - 439
Water sCorage (1 T17 - 8951
Hevigation 583 34 - 0D
Flooding a0 LY 854
Fosdside diceches Tl gy - 3497
[rrigation dicehas &1 721 - 56
Muntcipal water trescesanc BEA 333 - @49
Muniefipal and industrial cce T45 462 -] 0683
Steam power cooling 20 1Y - 18

Total 3,716 1.970 -5,507

L/Estimaced baneflce are projected Ffor the entlte CRP program, based om full

45-mi1llon-acre entoallment.

£/Bast estimuce 15 the wmost likaly extent of cffsite banafit.
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eligible Fop che CRAF TPocential soll Savings, therefore, afé such prewated for
the CRF

The CRFP chetained the asximm sroslon reduction= possible by requircing that
ccopland be caken sur of productior snd planted to Cives or graas. Mote
traditional sail conasrvation programs ususlly keep croplemd under cultivatisn
but require fermers to use comnssrvecien pracrices  Becauss forests and
grissiand hold down #oil] better than cropland, CRP would be sxpected coa have
1ess per-mcce erosion than the craditlonal programs. Fhasc and rill scosion en
ctepland enrolled in che CRP, for instarnce_ will dacreass ah eptimatad 9% & rest
per acre @ yesr, vwhiles sheet and cill ecosion on croplend created under
craditionsl programs gzcreased snly 3 ! toos per scve 8 ywse [L3)

Tha CBP will gamersce highsr per-acrs benefics chen tradivienal weoll
consarvation programs becsuic it targets cropland stoding at high rates and
mandatss that [araland be held sut of graduccies for 1O years. Foc inacancs,
the CRF vas estindfed to geoerats neacly 583 €& per acre inm offsite bumefits
{prasent walus over the course of the contracta), whlls tha sradizienal woil
consetvation programs were sarimated ce gensrare 511 &3 (present valwe over the
Lilaspans af the censervatisn practlzes adepted) (L))

The snalysis ssanined the gross effecze of the CRP on water guallty, hewevey

mat effects may ba lower Thare ars two veagona vhy  The fires Lo thac when
farm=rs wntsl] In & comsdicy progras, they Sust taks somw of chelr croplama sun
of produccion as pact af the Aoresge Reducctom Program (ART)  Since & farmer
purticipating in the CEF sust {etire = partlon of Bis crep hase, sooe of the
Lland that le enralled in the CAP would have been ldled under the ARF. &/ Evaszian
teguctions an this land should nat be attribuced ve the CHF

A wscand Eactor e the Inllusncs of the CRAF and ARF an crop prices ERE
preliminary esscimates indicsre chac che prices of some commodities say Incrwaam
when all CRP scres arve retived 1 prices do incredse, laml eauld ba taken sut
of posture and fsllow and pour lnce preduccion. The CEPF's mat effect will,
thetafore, Bbe lass becouse of chis pregres slippage

The pat vater qualicy benallte of the CRF ware sstimaled undes the sssusptlen
that thare would have besn na changs in the rules of the ARF In tha sbeence of
EHPr. Mat bepafics were satimared In che fallowing way. Ercslen reducclens an
ARF land enrollsd Im the CRF, and efosion incresses on new cropland, wers
gubirvactad Pres the sraalon reductleons répotted Ln cabls 1 Barmflts ware Ehan
recalculated The discharge of agricultural pellucants from this cropland uas
astinated to cut affslee barwflta by about §160 willlon, or mearly & perceant
(teble 11). Raplons with che largest percencage drops in benefics ave che Laks
States (! parcent) snd Ssuchern FPlaine (4 percent). The benefita, adjusted log
allppage, are the appropriste values for svaluacing vater quality benefits from

§/Tha ceop hass Lz the ameunt of scrsags af program cropa sligibls for pregram
banefics. A facw's sereage base for » crop Lln ths sverage of planted and
considered planted screage tu the crep in the previeus 3 yeatrs, but nec
axcending the aversgs of planced and conaldared planted screaage in the precoding
2 yoars. Comsldersd planted acreage l= screags 1dled under scraage reductlos or
pald diversinn programs, acreags pravenrsd from baing planced dus o = disaster,
and underplented screapgs plantad te nonprogras cveps othsr thas seybessne or
axtra long wcapls corcam.
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Table 12--0ffsite benefits of projecced CRP adjusted for slippage, by region

Net reduction

Reglon {n CRP acresl/ Estimacted beneflts
1,000 acres Million dollars

Appalachia 237.3 407
Corn Belt 1,505.3 584
Delta Scates 321.7 376
Lake States 1,041.7 406
Mountaln States 1,298.2 458
Northeast 227 .5 127
Northern Plains 1,687.2 306
Pacific 479 .5 275
Southeasc 334 .8 280
Southern Plains 897.8 338

Total 8,031.0 3,557

l1/Acres of cropland entering production due to the price incresses and
cropland which would have been in ARP.

the CRP. Ner benefits could be higher or lower, depending on assumpCions made
sbout ARP and price response.

CONCLUSIONS

The Conserxvacion Reserve Program will generate $3.5 to §4 billion (presenc
value) in water quality benefics if 45 million acres are successfully enrolled.
Benefits will be less if enrollment is less. Beneflts of cleaner water could be
increased by encouraging enrollment of more cropland In reglons east of the
Mississippl River. Over half che cropland enrolled at the cime of this analysls
was in the Northern Plains, Southern Plains, and Mountaln States, regions in
which per-acre water quality benefits are lowest (rable 13).

Water gquality benefic estimates are not complete. Benefits related to swimming
and commercjal fishing were not estimated, notr were benefits from reduced
pesticide use. Based on past experiences wich DDT and other pesticides, the
water quality and environmental benefi{ts from reduced pestlcide runoff may be
substantial.

Benefit estimates rest on many assumptions, which may have caused overestimation
or underestimation. Assumptions had to be made about the links between soil
erosion and economic effects on water users. These included premises about the
relacfonships between eroslon and lake water quality, and about che
effect{veness of defensive expenditures. Any i{nferences about the overall value
of the CRP, therefore, should be made carefully and be based on the range of
water quality benefits compucted.
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More research on how soll conservation affects water qualicy would greatly
improve the ability of USDA and the States to protect water resources from
nonpoint pollurion. Better informac{on on the relatlionships becween pollutanc
discharge and surface watexr qualicy, for example, would enable analyscts co
predicc water quallry changes over broad regions. Addiclonal research could
yield answers on how much time elspses between conservation action and water
quality change. And developing models to calculate flooed and fisheries damage,
harm to municipal and induscrial water users, and participation rates of water
recreationiscs would greatly {mprove the accuracy of benefit estimaces.

Table 13--Summary of per-acre water quallty benefit ranges, by region

Reglon CRP cto date Projected Including slippage
Dollars

Appalachia 105.4 - 256.9 82.3 - 336.7 81.3 - 333.2
Corn Belc 45,3 - 118.1 37.1 - 121.6 35.7 - 117.0
Delta States 1873 - 453.6 169.7 - 389.7 161.3 - 370.8
Lake States 73.6 - 182.6 65.7 - 162.9 61.2 - 152.1
Mouncain States 6.4 - 98.1 30.5 - 82.5 29.3 - 79.2
Norcheast 156.0 - 376.1 108.2 - 254.8 104.1 - 245.2
Northern Plains 21.8 - 61.8 17.6 - 50.1 16.8 - 47.7
Pacific 70.2 - 186.0 59.6 - 159.3 57.4 - 153.3
Southeasc 105.2 - 251.8 91.9 - 219.9 87.7 - 210.0
Southern Plains 35.0 - 97.4 28.3 - 78.3 26.7 - 73.8

Total 50.0 - 129.1 43 .8 - 122.4 41.9 - 117.1
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APPENDIX

Benefits to recreational fishermen from water quality improvemencs were
estimated with a sequential decision model outlined by Vaughan and Russell (20).
Fishlng activity can be described as a two-part decision on the part of an
individual: whecher orx not to fish In & given year; if yes, how much to fish.
Bach declislon was modeled at the matlonal level a5 a €unction of socloeconomic
variables, supply of surface water, and water qualiry. Togecher, chese two
models can be used to estimate changes {n toral days of Eishing activity
vegulring from a change in water qualicy.

The major data source on recreatlional fishing behavier was the U.S., Fish and
Wildlife Service’s 1980 National Survey of Fishlng, Hunting, and
Wildlife-Assoclated Recreation (hersafter called the Hunting and Fishing
survey). This survey consisced of two parts. The flrst, a screening sucvey,
was conducted by phone on a sample of 340,000 Lindividuals across the country.
The survey measured pacticipation in hunting, fishing, and ocher wildlife
recreation activici{es of people 10 years old or over. The second part censlsted
of detasiled personsl interviews with a subsample of fishermen, huncers, and
other wildlife recreatlon participants identifled in the screening survey. About
30,000 flshermen were interviewed. This survey provided more dectailed
information on fishing habits, expenses, and success.

The repions sctudled wevre 129 residence regions defined for the Huntcing and
Fishing suxrvey. Fishing activity and water quality verizbles used in the models
were defined In cterms of these reglions. Home residence reglen was defined as
the reglon in which the survey respondent resided, Adjacent residence region
was defined as the toctal area of all residence regions bovdering the home
reslidence reglon.

Participation Model

The participation model escimstes the probability that an indlvidual will fish
at least once in a given year. The equation was specified as & logit model.
The screening survey concained a questlion which asked 1f the respondent fished
in 1980. The binary yes-no response is the dependent variable in the logit
equation. No discinction was made between saltwater and freshwater fishing.

The explandcory variables in the model were water quality of home residence
region, water quality of adjacent residence region, per-capita supply of wacer
in home residence region, per-capita supply of warer Iin adjacent residence
region, whether the resldence region is adjacent to the Great Lakes or the
¢cean, househecld income, urban or rural resldence, whether one grew up in an
urban or rural area, FPR of residence, age, and sex.

Water quality is the most imporcanc varviable In the model, because it links
ronpoint-source pollution leoadlngs and changes in recreational acctivity. Three
of the major pollutants generated by agriculture were chosen o represent water
qualicy: totral suspended sediment (TSS), total Kjeldahl nitrogen (TKN), and
tocral phesphorus (TP). There are many other pollurancs cthat affect fisheries,
but chese are the pollutants that nonpoint sources, especially agriculcure, zend
to genarate.

Data on water quality were obtained from USGS's NASQUAN for che residence
reglions. NASQUAN data were used to speclfy the concentrations of TSS, TKN, and
TP in each residence region. A 2-year average concentration of TS5, TKN, and TP
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was calculated for each NASQUAN scation. If a reglon contained more than one
NASQUAN scacfion, s simple mean of the average concentrations was calculaced.
Eighteen regions had no NASQUAN stacion, so the observations from these regions
were dropped from the analysls.

Concentrations of TSS, TKN, and TP were included in the model as an index. If
any one of tha pollutants were in high enough concentration to affect fishing
bebavior, the levels of the other pollutants were irrelevant. A dummy varlable
was used to represent whether reglonal TSS, TKN, or TP concentrations were over
prespecified threshold levels. A threshold level {s cthe point at which
recreational use of water i{s assumed to become {mpaired (22). Thresholds used
were TSS levels over 200 milligrams/liter (mg/l), TP levels over 0.2 mg/l, and
TKN levels over 1.8 mg/l. If TSS was above its chreshold, ox if TKN and TP bech
were above thelr chresholds, then the dumwy variable was assigned a value of 1.
The average concentrations of TSS, TP, and TKN were also calculared for all
adjacenct home regions, and a 0-1 dwwmny variable was created in the same way as
described above.

The model was estimated using 10,458 observartions from che screening porcion of
the Hunting and Fishing survey. Appendix table 1 shows the modeling results.
The model seems ro have performed well. All variables except water quality of
adjacent reglon, supply in adjacent region, and model chi-square is significant
at the l-percent level.

Two of The regional dummies were significant at the l0-percent level or bectter.
The estimated model predlcts a person's probability of fishing at least once a
yecar, glven che explanacory variables. The model can be used to estimate how an
finprovement In watetr guality affects the probabilicy of fishing. The
probabilivy that an average person will fish can be estimated by entering the
regionel averages of the explanatory variables into rhe equation. Change in
probabilicy of fishing from an improvement in water quality can be estimated by
entering the current and future indexes of water quality intoe the model.
Mulciplying an estimated increase {n the probabilicy of fishing by populacion
results in the number of new fishermen atctracted to the sport by better water
quality.

Visitation Mode)

The visitation model estimiates the number of fishing trips a fisherman will make
in L year. The number of days spent fishing in a year was specified to be a
function of socioeconomic variables, water quality, and travel costs. towever,
since the demand for all sites a fisherman has the opportunity to visic is being
modeled, including those he does not now visit, travel cost becomes a choice
variable (6). The fishevrman, therefore, faces two choices: how far to Cravel
and how many visics to make. A recursive system of equations was specified to
model this behavior. The cholce variable, average miles, is an explanatoxy
variable in che trip equation, and is itself a function of income and regional
watexr quality. Distance was Lreated as a proxy for travel cost.

The number of days spent fishing and average distance were obtained from the
fishing porrtion of the 1980 Hunting and Fishing survey. The other variables are
identical to variables in the participation model. Number of fishing days was
specified as a function of average miles traveled to all sites visited, water
quality of home and adjacent vegions, income, fishing experience, ape, sex, and



Apopondix tabls 1--Results

cl logtt model mac:mation

Partial
Varjabla Haan Zoclfieclent b I W derjvativa
Intercapr LEY z 21D 586, 43=e nA
HoLur quality L350 cad 6.58~* ajs
of homs regsion
walBr yusilty . 368 078 g8 2 T
of adJacent region
Wavar wupply In L 440 017 1.664¢ 003
nomo ropion
RalLer sypply 1a 2.640 "D R Y15 .007
adlacoent ceglon
Oran/ruras’ 675 - % 28.)1»" ~.083
Upbringlng 2N 37 38 08~ ~ -.0698
Ocean/Graat La%as 529 234 Yo wer> -.046
‘neoma 26 356 e12 wen 002
Age 32 )9 077 264 52~ 04
A% squarea L, 525.300 -.001 BG. A8+ -.0002
Sox L85 .18 550.70~" 22
Appblochia 1i5 .080 IR} ri2
Coyn Baln 1% .39) )a, 28>+ L FL ]
Delna .¢4D 388 g.37¢x 973
Liks StaCums 092 . 52.6 27 B4An 102
Hount st L0353 L2037 2.8 ATSE
Northarn £lileax 0zb 32: 3. 4un 082
Peclfse 1k) v 40 20.527~ oar
Southeast 085 «DB 15.81¢" 0812
Scuiharn Plelnsg au? 4587 14,8068 .020
b SA 083 Na 4
Modul 1% SA 1.090.94ss NA Xa
Somer’s Dy: hx «20 Na L2

l/Chi-:quﬁre stavistic.

*S{gnl ({cant aL 10-percont laval.
sA4Si{gn{ficant m»{ i-perconl jovel.
HA = Hobt epplicabls
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FPR of residence. Average distance was speclfied as a funccion of Lncome, water
qualicy of home residence region, and wvater quallty of adjacent residence
region.

Each equacion was estimaced us{ng weighted leasc squares regreasion. Appendix
table 2 summarizes the results. The equatlon chat cslculates total trips was
significanc ac the l-percenc level. All variasbles excapt age squared, the wacer
quality variables, and che FPR dummy varlables wvere significant st the 10-
percent level., The R2 was very low, but this is to be expected when using
cross-sectional daca. The signs of most of the estimaced coefficients were as
expected.

The average distance traveled for fishing was s{gnificenc and had the expected
negative influence on the participaction level., Nelther watex guality of the
home residence repgion nor water quallcy of adjacent residence reglon were
significant. These resulcs imply that the decision to fish {s a function of the
quality of water, but once a person decides to f£ish, other factors are more
impoytant in deciding how ofcten to flsh.

Based on the resulcs of the models estimaced, water gquality improvements
increase overall fishing activity by increazing che number of participants buc
noc the number of trips per participant, Results could be s function of the
coarseness of the data, however. Good-quality sites may be available in mostc
reglons identified as having poor water qualiry, weakening the yelationship
between distance and wacer quality.



dppendlx table 2--Rasuliz of trip model estimatlon

Coeffictent valueg

Variable Visit model flstance modal
Intoyrcapt 24.0622 33.471
{8.31)*"1/ (16 ,88)~*
Watar qguality 350 -2.378
ol hame region (.20) (-1.07)
Water qualley ~2.108 1.7987
of adlacent ragilon (-1.229) (.76)
Averaxe dislance -.024 NA
(-1.87)*
Incomo -.103 . %88
(-2.75)"» (11.84)*>*
Exporience . 196 NA
(& . &01)="
ARe ~.350 NA
(-1.85)"
4%e nmquarad L0013 RA
{1.65)
Sex 3.837 NA
(3.39)%+
Appnlachia =.733 =14,3066
(-.35) (-6.98)~"*
Coxn Belt =-1.355 14,074
{~.65) (-46.87)**
Dalta 2.31) -14.5%306
(.88) (=3 Ga)y=+
‘Lokeé Sentas .52% 4 462
(.2«) (1.50)
Mountain -3.388 13.472
(-1,16) (3.27)ne
Horthern Plaina 1.22% -.9860
(.5%56) (- 21)
PaclClc -1.685 4. G590
{(-.80) (L. BO)
Southaeaat 6.056 -¥8.410
(2.78)%~ (-B.20)*~
Southern Platns -.963 . 589
{-.36) (.16)
Adjusted R® .02 . 100
Number ol obrervalbtions 3,284 d,296

J/Student-t (n parontheses.
*Significant at 10-parcoent Level.
**3{guiflcant at l-percent lovol.
NA = NouL appllcahle.
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