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DEGRADATION AND DAMAGES FROM UTILIZING ECOSYSTEM SRVICES IN A RIVER BASIN
Travis Warziniack

We examine the tradeoffs between utilizing multipt®system services in an economic model of theek dississippi-
Atchafalaya River Basin. We show how economic dgwelent in the basin degraded the ecosystem, beitsified the
economy. A degraded ecosystem and more employnp@ottminities elsewhere reduced the region's rediamcagriculture
and other resource-related industries such anfiskie compare the size of actual economic danfagesreduced water
quality associated with agricultural runoff in theper basin with those that would have occurretiouit economic-
ecosystem feedbacks and general equilibrium adgririn the economy. We find increases in cropegrend subsidies to
agriculture can increase risk of damages to theystem in three ways: 1) by increasing total adfical area, 2) by
encouraging farmers to use more intensive agrilltaethods, and 3) by competing for labor andtehpiith other types of
economic activity that that are less likely to detg the environment.
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INTRODUCTION

The ecosystem provides multiple services to mdtgihkeholders, with benefits accruing at variqadial scales (Hein
et al., 2006), temporal scales (Howarth and Norjad®93), and with competing economic interestmgdp 1965).
Management of a given ecosystem requires acknowiadgt of links between resources within the bialabsystem, the
impact of economic activity on the natural resoar@nd feedbacks between biological and econonsitess (Settle et al.,
2002). While gains have been made in understarttimgomplexity of the biological system, econonmaduation and impact
studies have largely focused on a single ecosyse&wmice (Hein et al., 2006).

We expand the literature by considering the mudtiipictors and industries that make up a resoungerndient economy,
and the competing use of the ecosystem betweerisfo\f inputs to productive activities and used@posal of waste. In
this paper, ecosystem services affect local ecoemini two ways. They directly affect the produdgivef factors, and they
mitigate damages should a severe event, suchlasd bccur.

We frame our model around a story of nonpoint-seyiallutants in the Mississippi-Atchafalaya Riveash (MARB).
The Mississippi River once meandered through thenicy. Its shifts and flooding created rich agriaudl lands and
encouraged development along its banks. Risk ofagasito the environment arises because the rign paoduces two
types of ecosystem services - those that rely lo@adthy ecosystem to provide benefits (e.g., ptateof storm surges, fish
habitat) and those that degrade the ecosystemdier o provide benefits (e.g., flood control, ciaduction). We show
how economic development in the basin degradedkthsystem, but diversified the economy. A degrastEmbystem and
more employment opportunities elsewhere reduceddbm®n's reliance on resource-related industrieh @s fishing. We
compare the size of economic damages from redueger\guality associated with agricultural runoftlie upper basin with
those that would have occurred without economicgstem feedbacks and general equilibrium adjustsnéme find
increases in crop prices can increase risk of dam#gthe ecosystem in three ways: 1) by increasitad agricultural area,
2) by encouraging farmers to use more intensivecalgural methods, and 3) by competing for labod @apital with other
types of economic activity that that are less likel degrade the environment.

BACKGROUND

The MARB drains 40 percent of the land area of Wimited States, but to make the analysis clearar poototypical
economy is only an agglomeration of the Louisiand Bbwa economies. These two states representatatkasts in the use
of the MARB and Gulf of Mexico (GOM). At the soutimeend, a large shrimp industry exists in the aastgion of
Louisiana. The GOM accounts for 85 percent of lagdiand 87 percent of dockside value of all shrimaprested in the
United States. Louisiana ranks first among allestah volume of catch, with annual average catcblg600 metric tons
valued at $138 million (NMFS Commercial Landing$ad2001-2010).
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In terms of contribution to the national economgulsiana shrimping is dwarfed by the size of lowengproduction. In
2010, there were over 55 thousand’lahcorn planted in lowa with a productive valueoser $11.7 billion. Over the last
half century virtually all of lowa's rangeland afodests have been replaced by row crops, with aB@ydercent of the state's
land covered by row crops in 1992 (lowa Geologtatvey Landsat data, 1992).

Despite being 1200 km downstream, the primary baliar GOM shrimp is directly affected by agriculiliproduction
in lowa. A large amount of nitrogen fertilizer ajgol to lowa farmlands ends up in MARB streams dodd into the GOM.
Nitrogen runoff makes lowa farmers the largest Gbuator to the largest hypoxic zone in the coakhaited States (Goolsby
et al., 1999). The hypoxic zone in the GOM hasénmsed in size from an average 6900 squareffom 1985-1992 to
13,600 knd from 1993-2004 to 17,300 Knbetween 2005-2010 (mid-summer bottom water cruidag source: Rabalais,
Louisiana Universities Marine Consortium, and Turh®uisiana State University).

Goolsby et al. (1999) estimate that about 13.4qryerof nitrogen used for farming in the basin euatty ends up in the
GOM and that an additional 11.9 kg/kfyr N is delivered from soil leaching and other pesified sources for every 1 cm of
runoff in the basin. For corn planted after a chamvest, lowa State University Extension (1997pnmemends 16,800 -
22,400 kg/kri (150-200 Ib/acre) N when applied before crop emecg; it recommends 11,000 - 16,800 kg/K&D0-150
Ibs/acre) N for corn after soybean when appliedteeérop emergence.

We limit the focus of this analysis to the effedt the size of the hypoxic zone on catch of browninsp
(Farfantepenaeus aztequbecause it is the species for which the effe€tthe Gulf hypoxic zone are clearest. Subadult
brown shrimp avoid hypoxic waters, clustering oe tdges of the hypoxic zone and dispersing to neshad offshore
waters (Craig et al., 2005; Craig and Crowder, 22@mmerman and Nance, 2001). It is estimated abaut 25% of brown
shrimp habitat has been lost to the hypoxic zond, displacement to suboptimal water temperaturdaces their weight
and size enough to affect dockside value (Crag].e2005). Both Zimmerman and Nance (2001) ando@i@r and Whitall
(2007) find evidence of reduced catch due to irsgeadn size of the hypoxic zone.

METHODS

The model follows the general equilibrium modebafopen economy developed by Copeland and Tayl@3(2 which
we have adapted to include payments for the ecasystputs and damages to ecosystem services. Therital application
uses a computational model called the General bguin Model of Ecosystem Services (GEMES). GEMES$art of an
ongoing effort to model ecosystem services witlmputational general equilibrium (CGE) model towathe contribution
of ecosystem services to regional economies andy stiue tradeoff between using ecosystem servicea &asctor of
production and other more traditional factors obduction such as capital and labor. Complete coempcbde can be
provided upon request.

The model includes six producing sectars; {corn and other grains, other agriculture, corarnial fishing, power, oil
and gas production, miscellaneousjost of the grain production occurs in lowa; mothe commercial fishing and oil and
gas production occurs in Louisiana. There are népeesentative households differentiated by incame two government
agents (state and local, and federal). Governmgenta tax output and income, purchase goods at fxeportions of
government revenues, and supply a fixed portioregfonal output. The model includes domestic traith other areas of
the United States and foreign trade according & ubual Armington assumptions (Armington, 1969)e ®tonomy is
calibrated to a benchmark social accounting maitsing 2010 IMPLAN data (Minnesota IMPLAN Group). &de methods
are described in detail in Warziniack (2009) andrsiéack et al. (2011).

Theoretical Foundations of Model

Firms produce outpu®; by employing capital, labor, and ecosystem sesvineamount<, L;, andE;. The production
function for each firmF(K;, L, E) exhibits constant returns to scale. Capital arzbriaare supplied inelastically in
competitive factor markets, with market priceandw. Damages are defined simply as activities thateréthe unit cost of
utilizing ecosystem services. Firms vary in theiseeptibility to damages and face a unique costilifation A;.

We distinguish between environmental damages andosrmental degradation. Degradation occurs whendideposit
pollutants directly into the environment or advérsghange the structure of the environment. Pdfitgalo not cause direct
damages if they remain where deposited. Howevduralaand manmade events, such as runoff and stdramsport the
pollutants through the ecosystem, at which timeatgoccurs.

Total degradation by firmiis given byz; = ¢4(4)Q;, wherey(6) is degradation per unit of output afdis a control
technology that reduces degradation. The aggregateint of degradation determines the probabilitproievent occurring
and the size of damages should an event occum&ef 3; Z as the aggregate amount of degradation in theoacpn

The number of events that occur in a given persoa fandom variabl8 with Poisson distribution and mepf2); 1/(Z)
> 0. Damage to firnj from events is a random variabl®’; with Normal distribution and meaf@(Z); '(Z)>0. Events are
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i.i.d. Total damage to firm if S events occur iFD; = g D.. TD is a compound Poisson random variable with expecte
value

E[TD|] = E[S] E[D'] = 4(Z) 2(2).

We assume ecosystem services are purchased frask aeutral, price discriminating firm that earrsr@ expected
profits and charges expected marginal costs. Tppscach captures the effect of risk on firm decisiin the long run. Let
cEJ- be the marginal cost of providing ecosystem sesviwithout risk of disaster. The total expected ts)sEj g + E[TD],
which gives an equilibrium price of

A =c5+ (12) 2(2)) I E.

the environmenty; is a shadow price faced by the firms.

Investment in controf is at the expense of output and normalized soumiteof control requires one unit of output.
DefineY; as net output in the presence of contypk (1-4) Q. Net outputy; is determined by the full employment of factors
and relative returns in the economy from productibgoods. The relative returns of goods is fougddoking at the profit
maximization problem for firms. Profits in indusijrare

=P Yi-wh-rKi-Ag-753

where 7 is the firm-specific price for damages that cobkla direct fee by the government or representadash price
internalized by the firm for environmental degraolat

The level of ecosystem services affects the pradticof other factors employed by a firm, but fisndo not compete
for ecosystem services. Thus, for a gigitradeoffs in the economy are entirely with regardillocating capital and labor
between sectors to maximize the value of productiactors of production are employed such thatntlaeginal revenue
products are equal between all firms and equahé¢oratio of marginal returns from production. Irr @eonomy, there are
two types of production possibility frontiers (PlpFs potential PPF expressed in total producpand a net PPF expressed
in net productiory;. BecauseY; = (1-6) Q, the two are interchangeable. Equilibrium along plotential PPF occurs where
the ratio of world priceg; / g equals the slope of the potential PPF. Becauseiress are devoted toward control and cost of
ecosystem services have a risk premium, firms deeam the full world price. Equilibrium along thet PPF occurs where
the ratio of returns to firms equals the margiadé rof transformation.

Calibration of per unit damages and cost of ecesystervices

Given this theoretical setup, we calibrate our nticaémodel to economic data and results from iteedture. We begin
by assuming a linear relationship between hypoaitezsize and nitrogen levels from lowa such 8iaé of Hypoxic Zone =
p X Nitrogen Yield In line with lowa State University Extension remmendations, we assume all planted corn in thenbasi
receives 11,000 kg/khlN. Given 52,600 kfmof planted corn in lowa, this translates to 590iam kg N added to lowa soils.
Following Goolsby et al. (1999), 79 million kg dfis nitrogen reaches the GOM. Calibrating to baselialues givep =
17,300 knd / 79 million kg N = 0.00022.

We use estimates from O'Connor and Whitall study #hows brown shrimp catch decreases by 648 kdgmemof
hypoxic GOM waters. Regressions in O'Connor andt&lihitilize the usuateteris paribusassumption. Our goal, however,
is to model the impact in general equilibrium whpriees and quantities can change. We seek to mi@eptage increase in
costs of utilizing ecosystem services in the shrimgustry to a percentage increase in fertilizepligation on lowa
farmlands. Assuming a constant ratio between coodyction and acreage planted, a 1% increase ia lmwn production
will lead to a 5.9 million kg increase in N on lodields, of which 0.79 million kg are added to B®M. The hypoxic zone
increases by 1% x 79 million @ = 174 knf. Shrimp catch will decrease by 1% x 174 x 0.64818 metric tons. With an
average harvest of brown shrimp of 17,000 metnis (2006 - 2009, NMFS), a one percent increasewa lcorn causes a
0.66 percent reduction in brown shrimp catch, lak equal.

The effect of runoff and soil leaching is smallEhe average annual runoff of the Upper MississRipier Basin is 23
cm/yr. This represents an additional 11.9 x 23 8.2kg / knf N added to the GOM, which increases the size @fifpoxic
zone by 0.06 kfhand decreases shrimp catch by 40 kg.
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RESULTS

We consider five impact scenarios. The first thmedate to an increase in the world price of cone; last two relate to an
increase in nitrogen intensity and runoff due toré@ased precipitation related to climate changsufeare summarized in
table 1. Each scenario will have an impact fromnecoic adjustments and from changes in nitrogerveed to the GOM,
which we try to decompose across scenarios. ThiBoseis meant to demonstrate the importance of efilogl multiple
ecosystem services within a river basin, highligipthow interactions and general equilibrium adjusita affect impact
measures. The intent is not to measure the impdicarticular event or policy. Such activitieg anore complicated than
the scope of this paper allows and are highly dégeinon calibration, elasticities, and parametéresa(Whalley, 1975).

Table 1. Numerical Results

Scenario ( ( (d (e
a) b) c) ) )
GDP (% change) 1 7 - -
6 6 05| 3.6E-6| 0.-28
Corn output (% change) L 1 - -
985 | 985 | 11| 12E5 0.2
Corn domestic price (% change| 2 2 0 0
4 4 6
Corn labor employment (9 2 2 - -
change) 02.6 02.6 3 | 1.7E-5 0.3
Shrimp output (% change) - - - 55
2.2 1.8 13| 16E-2
Shrimp domestic price (9 2 2 0. 0.
change) 7 A 7 03 03
Shrimp labor employment (% - - 3. 54
change) 0.7 1.6 1 8 E-2 .9
Change in N applied of fields 5 0 -2 -
(mill kg) 78 6.5 E-5 17
Change in size of hypoxic zone 1 0 0 -
(km?) 6,900 0.1 3.6 E-4

Impacts of an Increase in Price of Corn

The price of corn on the world market doubled bemvdune 2010 and June 2011. The increase in awonld price
makes MARB corn more competitive, causing the daimesarket to expand. In our model, a doublingthia tvorld price of
corn (scenario a) causes domestic corn produotioncrease by 198 percent. As corn production esee, so does the use
of nitrogen in the basin. Nitrogen increases by Bifion kg, of which 77 million kg eventually endgp in the GOM. The
hypoxic zone increases by 16,900 %almost doubling). The increased size of the hyp@one increases the cost of
ecosystem services to GOM shrimpers, reducing gimgneffort and harvest. Output in the shrimp sed&lls by 2.2
percent. Shrimp represents a smaller portion ofMW&RB economy than corn, so basin-wide GDP increa&é percent
despite the extra nitrogen load.

The increase in the world price increases the vafugenchmark output, increasing the scale of tmemy. As corn
expands, it draws factors of production from otlieras of the economy. In this example, labor enguldg the grain sector
increases by 203 percent, and capital employelemgtain sector increases by 194 percent.

We re-run the analysis with a price increase buhaut an increase in the hypoxic zone (scenariarg) with an
increase in the size of the hypoxic zone but wittayuincrease in the price (scenario c). Thereisaticeable difference in
changes in GDP between the scenarios (a) andh)gh the loss to fishing is smaller in scenario Ifip scenario (b) fishing
decreases by 1.8 percent. In scenario (c), theased cost of shrimping causes both shrimp andproduction to fall. The
result is a smaller hypoxic zone than would havenbestimated ignoring general equilibrium adjustimém the economy.
Comparing scenarios (a) - (c) shows the effectnateadditive. There is a 1.8 percent decreaséiimp output due to an
increase in competition for factors (scenario H),3percent decrease in shrimp output due toraase in nitrogen (scenario
c), and a 2.2 percent decrease in shrimp outpubwbth occur (scenario a).

Impacts of Increased Precipitation and Runoff
A 2010 report on the effects of climate changeowd shows an 8% increase in precipitation statewateveen 1873-

2008 (Takle, 2011). Cedar Rapids saw a 32% incriegsecipitation over the same period. The stite saw an increase in
extreme precipitation events, leading to more ahfle@ding. Such changes are expected to causérifieation of soils due
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to saturation, increased soil erosion due to sarfamoff, and increased nitrogen-nitrate runoff doewvider use of tile
drainage.

We simulate the effect of increased precipitatignificreasing per hectare use of nitrogen by 4 peroshich is
equivalent to the per day loss of nitrogen dueoibsaturation, and a doubling of runoff, whicheigonservative estimate for
flood years. These two changes make up scenariolr(dhis scenario, the cost of utilizing ecosysteervices in the
shrimping industry increases, but the total impseimost negligible. MARB GDP falls by 3.6 x 106. The impact is small
because it does not affect any of the upstreanurees that represent larger shares of the economy.

Because increased precipitation raises the cagtrofiping, other sectors expand, including corrdpaotion. Nitrogen in
the GOM increases more than it would without gelneqailibrium adjustments. In secnario (e) we hdlemestic prices
fixed at equilibrium levels found in scenario (d)daset damages from nitrogen to zero. Increasets ¢osshrimping in
scenario (d) leads to a relatively higher equilibri price for shrimp than for corn. This leads ttaage expansion of the
shrimping sector and larger decline in corn proidmcthan occurred when shrimping was adverselycsdte

CONCLUSION

We have considered impacts from environmental digien when multiple sectors use ecosystem inpaifaetors of
production. Following degradation of the environma¢rinput, industries substitute toward other festbke labor and
capital, and the output mix changes to favor indestless dependent on the environmental inputsdfsibstitution
possibilities keep economic losses lower than whialde otherwise.

We applied our model to the Mississippi-Atchafal®&raer Basin. We showed how increases in the iamrn in lowa
can affect shrimp harvest in Louisiana. In thisregke, the cost of utilizing ecosystem serviceshimshrimp industry caused
factors to move out of the fishing industry, redgrithe size of damages that would have otherwiseiroed. We also
considered scenarios where per hectare nitrogeoffrincreased in corn farming due to increased ipietion. In these
scenarios, the increased costs to shrimpers repiessa loss of real economic resources. Corn odgtitenough to decrease
the total nitrogen runoff even though nitrogen ¢y increased. The size of the hypoxic zone dhraighlighting once
again the importance of general equilibrium feeétbac

Our results show how the level of ecosystem sesvasilable to an economy can determine its contiparadvantage
and its ability to adapt following loss of ecosysteervices. This is why resource-rich economiesaks® generally resource-
dependent economies. Adverse impacts to the emagahwill have larger impacts the more dependeatréigion is on its
natural resources. A diversified economy is imparta reducing the effects of negative shocks tsgstem services.
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