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Economic I mplications of Potential ENSO Frequency and Strength Shifts
Abstract
Some argue that globa climate change may dter the frequency and strength of extreme events.

This paper examines the economic damages in the agricultural sector arising from a shift in El Nifio
Southern Oscillation(ENSO) event frequency and strength. The assumptions about the frequency of
ENSO shift are motivated by an article by Timmermann et al.(1999). The damage estimates reported
here are in the context of the globd agriculturd system. Annua damages in the $3 to 4 hundred million
U.S. dallar range are found if only the frequency of ENSO events changes. However, annua damages
riseto over $1 hillion if the events dso intensfy in strength. Event anticipation and crop mix adaption on

the part of farmers can help offset the damages but cannot fully aleviate them.



Economic I mplications of Potential ENSO Frequency and Strength Shifts

Some argue that globd climate change may dter the frequency and strength of extreme events.
One marker for extreme events that has recently received considerable public attention is the El Nifio-
Southern Oscillation(ENSO) climetic phenomenon. Timmermann et al. (1999) recently presented
results from amodding study implying that globa climate change would dter ENSO characterigtics
causing

» themean cdimatein thetropica Pacific region to change towards a state corresponding to
present day El Nifio conditions;

e dronger inter-annua variability with more extreme year-to-year climate variations

* more skewed inter-annud variability with strong cold events becoming more frequent.

This paper explores the economic implications of a shift in ENSO frequency and intendity using
the quantitative definition of the shift as developed by Timmermann et al. Specificaly, this paper
egtimates the economic consequences of shiftsin ENSO frequency and strength on the world
agricultural sector. These economic consequences include changesin consumers and producers welfare

aswell astrade surplus.

Background on ENSO Effectsin Agriculture
The ENSO is a pervasive climate phenomena which has been found to be associated with
regiond climate variations throughout the world. There are three phases. warm-El Nifio, cold-La Nifia
and other (non El Nifio or LaNifia), generdly referred to as Neutral. Changesin ENSO event

frequency and strength may adready be occurring. For example Trenberth and Hoar(1996,1997) have
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found an increase in the frequency of El Nifio events and a reduction in the frequency of La Nifia events
during the period from 1976 to 1995.

ENSO events have been found to influence regiond westher and, in turn, crop yields (Nichalls,
1986; Legler et al., 1999). Changesin crop yidds have economic implications. Severd sudies have
estimated the vaue of farmers adapting to ENSO events; and indicate that adaptation based on ENSO
event information would have vaue to the agriculturd sector. In terms of U.S. and world economic
welfare, the estimates of the agricultura economic vaue arisng from adaptation based on ENSO
information have been in excess of $300 million annualy (e.g., Solow et al. (1998) - $323 million,
Chen and McCarl(2000) -$450 million). Similarly, farm level investigetions by Mjelde et al. (1997)
and Marshdl et al. (1996) found substantia gains to producers. In addition, Adams et al., 2000
showed that the economic damages to U.S. agriculture from a severe ENSO event can exceed severd
billion dollars. Such estimates imply that a shift in ENSO event frequency or strength may generate
substantial economic consegquences.

ENSO Event and Strength Shiftsunder Climate Change

According to Timmermann et al., the current probability of ENSO event occurrence (with
present day concentrations of greenhouse gases) is 0.238 for the El Nifio phase, 0.250 for the La Nifia
phase, and 0.512 for the Neutral (non El Nifio - non La Nifia) phase. They project that the probabilities
for these three phases will change under increasing levels of greenhouse gases assumed under IPPC

projections(IPPC, 1992)*. Under such a scenario, ENSO event

*This ENSO probability shift is calculated from Timmermann et al.’s Figure 4 which displays the
frequency of occurrences of SST anomalies. Cases with their SST anomaly index below -0.5°C were
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frequency is forecast to become 0.339, 0.310, and 0.351 for El Nifio, La Nifia and Neutrd,
respectively. Thus, the frequency of both the El Nifio and La Nifia phases are expected to increase,
while the Neutra phase frequency would be reduced. While not offering specific evidence, they argued

that such afrequency change could be expected to have strong ecological and economic effects.

Framework for Estimation of the Economic Effects of ENSO Frequency Shifts

Here we will smulate the economic consequences of ENSO frequency shifts using the same
basic gpproach asin Solow et al. (1998) and as expanded on by Chen and McCarl (2000). In
particular, amodd is used which smulates production, acreage alocation and consumption based on a
gationary joint probability distribution of yiddsfor 10 cropsin 63 U.S. and 28 world regions from
1972 to 1993 (Chen and McCarl, 2000). These 22 years are then grouped into the three ENSO
phases, with five events during the period classified as El Nifio and four as LaNifia Inturn, a
gochadtic, mathematica programming modd of the U.S. agriculturd economy is used to estimate the
consequences of such eventsin terms of the welfare of consumers and producers. That model is
congtructed to select crop mixes (proportions of acreage devoted to specific crops) before weather
characterigtics are known but smulates market clearing prices and consumption after production is
redized. The modding components of this framework are discussed in the next section.

Empirical Model of the Agricultural Sector

classfied as La Nifiawhile above 0.5°C were classfied as El Nifio.
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An empiricd modd of the U.S. agricultural sector(hereafter called ASM) forms the core of the
stochastic moddl. ASM is based on the work of Baumes (1978) which was later modified and
expanded by Adams, Hamilton and McCarl (1986); Chang et al. (1992) and Lambert et al. (1995).

Conceptudly, ASM is a price endogenous, mathematica programming modd of the type
described in McCarl and Spreen (1980). Constant elasticity curves are used to represent domestic
consumption and export demands as well as input and import supplies. Eladticities were assembled
from a number of sources including USDA through the USMP modding team (House, 1987) and prior
mode versons.

ASM isdesgned to smulate the effects of various changesin agriculturd resource usage or
resources available on agricultura prices, quantities produced, consumers and producers welfare,
exports, imports and food processing. In caculating these effects, the model consders production,
processing, domestic consumption, imports, exports and input procurement. The modd distinguishes
between primary and secondary commodities with primary commodities being those directly produced
by the farms and secondary commaodities being those involving processng.

Within ASM, the U.S. is disaggregated into 63 geographica production subregions. Each
subregion possesses different endowments of land, labor and water aswell as crop yidds. Agricultura
production is described by a set of regiond budgets for crops and livestock. Marketing and other costs
are added to the budgets following the procedure described in Fgjardo et al.(1981) such that the
margina cost of each budget equals margind revenue. ASM aso contains a set of nationd processing

budgets which uses crop and livestock commodities as inputs. There are dso import supply functions



from the rest of the world for a number of commodities. The demand sector of the model consists of the
intermediate use of dl the primary and secondary commodities, domestic consumption use and exports.

There are 33 primary crop and livestock commodities in the modd. The primary commodities
depict the mgority of agricultural production, land use and economic value. The modd incorporates
processing of the primary commodities. There are 37 secondary commodities that are processed in the
modd. These commodities are chosen based on their linkages to agriculture. Some primary
commodities are inputs to the processing activities yielding these secondary commodities and certain
secondary products (feeds and by-products) are in turn inputs to production of primary commodities.

Three land types (crop land, pasture land, and land for grazing on an anima unit month basis)
are ecified for each region. Land is available according to aregiond price dastic supply schedule
with arentd rate as reported in USDA farm red estate Satistics. The labor input includes family and
hired [abor. A region-specific reservation wage and maximum amount of family labor available reflect
the supply of family labor. The supply of hired labor conssts of a minimum inducement wege rate and a
subsequent price eastic supply. Water comes from surface and pumped ground water sources. Surface
water is available at a congtant price, but pumped water is supplied according to a price eastic supply
schedule.

U.S. agriculturd sector modds typicaly only ded with aggregate exports and imports facing the
total U.S. without regiond trading detail. To reasonably portray ENSO effects we introduce multiple
foreign regions, and shipment among foreign regions by including spatid equilibrium models for the

magjor traded commodities (Takayama and Judge, 1971). To portray U.S. regiond effects, U.S.



markets are grouped into the ten regiond definitions used by the USDA. We dso added variables for
shipment among U.S. regions, and shipment between U.S. regions and foreign regions.

The commodities subject to explicit treatment via the spatia equilibrium world trade model
components are hard red spring wheat (HRSW), hard red winter wheat (HRWW),soft red winter
whesat (SOFT), durum wheat (DURW)), corn, soybeans and sorghum. These commodities are selected
based on their importance as U.S. exports. The rest of the world is aggregated into 28
countries/regions. Transportation cogt, trade quantity, price and eadticity were obtained from Fellin and
Fuller (1998), USDA datistical sources and the USDA SWOPSIM modd (Roningen, 1986).
Stochastic Yield Representation in ASM Model

Regiond crop yields vary by ENSO phase and event strength. Knowledge of yield outcomes
(with or without ENSO events) isimperfect when agriculturd planting decisons are made. Therefore,
the modeling framework includes a stochadtic yield digtribution (following the modeling approach
explained in Lambert et al., 1995). At the time of planting a number of yield states of nature can occur
but the farmer does not know which one will occur. In fact, farmers must choose crop mix considering
the yied probability distribution without knowledge of which exact yield event will occur. The stochastic
modding framework depictsthis usng atwo stage formulation as in Dantzig (1955); Cocks (1968);
McCarl and Parandvash (1988); Lambert et al. (1995) or Solow et al. (1998).

The andysis used here differs from the Solow et al. (1998) and Adams et al. (1995) anayses
(which used essentidly the same modd) in terms of the way ENSO events are incorporated and the
way that the El Nifio event is valued. Namely, in the prior work, athree state definition of ENSO phase

was used for the stochastic outcomes (El Nifio, La Nifia and Neutra). Here we do not use ENSO



phase in defining possible states or stochastic outcomes but rather define states for each of 22
higtoricaly observed years on which we have data (1972-1993). This dlows usto mode changesin
both ENSO frequency and strength. The detailed model framework in an agebraic format and

explandion islised in Appendix A.

Applying the M odding Framewor k
The andydis or Stuations evauated here may be viewed as a set of “experiments’ with the
modeling framework. In this case, the experiments involve prospective ENSO conditions. Specifically,
two fundamentally different Stuations will be smulated within the economic framework described
above.

* Producers are assumed to be operating without use of any information concerning ENSO phase
and thus choose a crop plan (set of cropsto be planted in their land base) that represents the most
profitable crop mix across a uniform digtribution of the full spectrum of the 22 years of events.
Hereafter thisis called the “Without use of ENSO Phase Information” Scenario.

* Producers are assumed to incorporate information regarding the pending ENSO phase and thus
choose a st of crops that is the best performer economically across that individua phase. Thus,
crop mixes which are optimized for El Nifio events are selected across a digtribution of the five El
Nifio states, as are crop mixes for the other sates. Initidly, the strengths of each El Nifio are
assumed to be equdly likdy. Thisandyssis cdled the “With use of ENSO Phase Information”

Scenario.



Regiond crop yidds are uncertain when agriculturd planting decisons are made. To portray
farmer reaction to this uncertainty, the stochastic sector mode includes ayield distribution (Adams et
al., 1995). At the time of planting, a number of states of nature (outcomes) concerning future yieds are
possible and their probability of occurrence is partidly explained by the ENSO phase. In this study,
regiona yield distributions for the crops in the ASM are derived from twenty-two years of hitorical
yield records for various regions of the U.S. These yield data are detrended (to remove effects of
technology and other systematic effects) and then sorted by ENSO phase to create yield distributions.
The model aso incorporates storage of crops from year to year, dlowing some smoothing out of the
consequences of each ENSO phase.

In addition to structuring the analysis to vary the response of farmers to ENSO information,
three ENSO phase event probability conditions are evaluated.

» Thefirst represents current conditions with respect to the probability of each phase. Specificdly,
we assume El Nifio phases occur 0.238 of the time, La Nifia 0.250 and Neutral 0.512. Within an
El Nifio phase, we assume that individua crop yields for the five El Nifio weether years contained in
our data set are each equdly likely (i.e, same strength), with a comparable assumption for the four
La Nifiaevents and the 13 Neutrd yield states.

» The second incorporates the frequency shifts suggested by Timmermann et al. Here the El Nifio
phase occurs with a frequency of 0.339, the La Nifia phase 0.351 and the Neutral phase 0.310.
Within each of the phases we again assume the cropping yidd data Sates are equdly likely.

» Thethird represents both shiftsin event frequency and event sirength. The frequency shiftsare

those from Timmermann et al. as computed above. To evauate event strength shifts, we assume



that the stronger El Nifio and La Nifia events occur with a 10 percent higher frequency.
Specificaly, above the 1982-3 and 1986-87 El Nifios were assumed to each occur with a0.20
probability (assuming a uniform distribution across the five observed El Nino'sin our data set) but
now we shift those probabilities to 0.25 and reduce the probabilities of the three other El Nifio
yearsto 0.167. Smilarly, the two strongest (in terms of yidd effects) La Nifia States have their
probabilities raised from 0.25 to 0.30, while the wesaker two La Nifias have their probabilities

reduced to 0.20.

Results

Table | contains estimates of aggregate economic welfare before and after the ENSO
probability shifts. Table |1 presents a more disaggregated picture of these economic effects. These
economic consequences are evauated for both situations regarding producer decision-making (ignore
or use the ENSO forecasts). The welfare measure istota consumers plus producers surplus and
foreign surplus. Economic “surplus’ is a concept commonly used by gpplied economigts to gpproximate
changes in welfare of individuas or groups. It isamonetary measure which is captured as geometric
areas below demand curves and above supply curves. The individua components (consumers,
producers) of economic surplus can be compared to see which groups gain and which lose under
dternative states of nature,

Three effects of phase shifts and producers reactions can be discerned from the results of the

modd experimentation.



Fird, we can examine the effects of frequency shifts by considering the difference between the
first two rowsin Table | (current ENSO frequency vs. the new frequency). The vauesin
parenthess indicate that there are economic damages arising from the ENSO event frequency
shift. Specificdly, the welfare loss due to the frequency shift (comparing the first and second
rows), ranges from $323 to $414 miillion.

Second, the effect of both frequency and strength shifts can be examined by comparing the first
and third rows. There the welfare lossis larger increaseing to the range of $905 to $1,008
million. Thisis about 5 percent of typica U.S. agricultural net income or about 0.15 percent of
tota food expendituresin the U.S. The drength shift, if more substantia than the one assumed
here, could have substantidly larger effects.

Third, the potentia vaue of ENSO monitoring and of early warning can be assessed by
comparing the “with and without ENSO information” columns of Table . As can be seen from
the first row, the use of ENSO forecasts under current ENSO frequency and strength, resultsin
anet wefare gain of gpproximately $453 million. This vaue is consgtent with the vaue of
information noted in Solow et al. Incorporating ENSO information a so reduces the negative
effects of ENSO phase shifts or increases in strength. Specifically, incorporating ENSO
information under the phase shift is gpproximatdly $544 million and $556 million under both a
phase and intensity shift. The gainsto thisinformation are about the same. These gainsare
greater than under the current ENSO frequency and strength but the gains are in the $100

million range but do not offset the losses due to the ENSO shifts. Thus, the use of ENSO
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forecasts in producer decision making helps mitigate some of the negative economic effects of
the shift.

. Fourth, we can examine whether there may be gainers and losers by disaggregating the welfare
estimates by economic group(Table INt. Specificdly, the totd welfare loss due to the shift in
ENSO frequencies results in domestic producers and foreign country welfare losses but gains
to domestic consumers. Most of these welfare losses occur in the foreign markets. These
differences across groups arise from changesin U.S. and world prices for the traded
commodities. For example, there are price declines when phase frequency shifts due to dight
increases in world-wide trade in the commodities eva uated here, which resultsin losses to

producers and exporting countries but gains to consumers.

Concluding Comments
The smulations run for this sudy confirm Timmermann et al.’ s peculation that climate change
induced shiftsin ENSO frequency will have economic consegquencesin the neighborhood of 5% of
producer income and 0.15% of consumer food expenditures. These consequences involve changesin
both the level and varigbility of agriculturd prices and wedlfare. Prices and wdlfare fdl. The variability of
these effects fdls as producers anticipate and reect to forthcoming El Nifio and La Nifiaevents. The
consequences of Timmermann et al.’ s projected changes can be partly offset by producer reactions to

ENSO information.
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Tablel. Aggregate Economic Welfare Comparisons under Shiftsin ENSO Frequencies

Without use of ENSO With use of ENSO Gain of use of
information information ENSO information

(millions of U.S. dollars)

Current probabilities 1,458,947 1,459,400 453

Phase frequency shift 1,458,533 1,459,077 544
(-414) (-323)

Phase frequency and strength 1,457.939 1,458,495 556

hift (-1008) (-905)

Note: Thevalueinthe () representsthe difference with respect to current probabilities due to the ENSO
frequency and possibly strength shift.

Table Il. Wdfare, by Component, With Use of ENSO Information

Current probabilities Phase frequency Phase frequency and
shift grength shift
(millions of U.S. ddllars)

Producers 35,883 35,576 35,562
(-307) (-321)

Consumers 1,175,699 1,176,290 1,176,025
(591) (326)

Foreign interests 247,818 247,211 246,908
(-607) (-910)

Totd 1,459,400 1,459,077 1,458,495
(-323) (-905)

Note: Thevaueinthe () represents the difference with respect to current probabilities due to the ENSO
frequency and possibly strength shift.
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Appendix A. An Algebraic Representation of the Modeling Framework

The modd framework is summarized by the following equations. The objective function is.

(1) Max:
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indexes ENSO phase,

probability of ENSO phase s,

consumption of i product under ENSO phase s,

excess demand quantity in ROW region ¢ for commodity i and ENSO phase s,
excess supply quantity in ROW region ¢ for commodity i and ENSO phase s,

resource supply for U.S. region k of resourcer,

inverse U.S. demand function for commodity i consumed under ENSO phase s,

inverse U.S. factor supply function for resourcer in region k,

inverse excess demand function in importing ROW region c,

inverse excess supply function in exporting ROW region ¢,

cost of ' production process per acrein U.S. region k,

acreage of ™ production processin U.S. region k,

trade between ROW regions ¢ and c1 of commodity i for ENSO phase's,
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USFTRD,y trade between ROW region ¢ and U.S. region k of commodity i for ENSO phase s,
USTRAN; s Shipment between U.S. regions k1 and k of commodity i for ENSO phase's,
FFCST, 1 transportation cost from ROW regions ¢ and c1 for commodity i,

USFCST,.  transportation cost from U.S. region k to ROW region ¢ for commodity i,

USCST 1 trangportation cost between U.S. regions k1 and k for commodity i,
PDIF,, price difference between U.S. region k and U.S. nationa market for commodiity i,
TNiys U.S. nationa consumption of commodity ifrom U.S. region k for ENSO phases.

This st of relationships blends the spatia equilibrium world trade modd of Tekayamaand
Judge with the price endogenous model of the U.S. agriculturd sector (ASM). In particular, the first
two linesinclude terms typicaly found in the conventiond sector modd, i.e., they represent the area
under the U.S. nationd demand equations (IR(Q;,) d Qs ) for commodity i lessthe area under the
regiond (k) factor supply curves incorporating the perfectly elastic production costs associated with
production processj (C;,X;,) and the quantity dependent (1'*(R ) d Ry ) pricesfor factor r. The next
four lines are the spatia equilibrium world trade model with line three giving the area under the ROW
excess demand curves minus the area under excess supply curve for commodity i in region c. Line four
sums the trangportation costs times the volume traded between the U.S. regions and the foreign regions
for US imports and exports (USFTRD). Line five sums the transportation cogts times the volume traded
among the foreign regions (FTRD). Line six sums the transportation costs between regionsin the
U.S(USTRAN). Thelast lineisthe price difference between U.S. regions and the U.S. nationa market
times the shipment quantity. This variabdle (TN) isincorporated into the model to carry regiond supply
to nationa demand in order to balance the national market.

The modd is stochagtic in thet dl terms and variables but those in the firdt line are state of

nature dependent. This assumes that production and factor use are set before the ENSO state of nature
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is known, but that demand and trade are set afterward (as explained in Lambert et al.). The second line
multiplies by probability. This renders the objective function a maximization of expected wefare.

The mode contains commodity balancesin the U.S. asfollows

@ & (VYR (K& § USFTRD, | & g USTRAN, 41 1
J c

g USFTRD,  HTN,Ji g USTRAN,, # 0  forall i,k s

iks i,kkl,s

where supply from normd or average production (Y) plus the difference due to ENSO phase event
(YR) times acreage (X) plusthat imported from other U.S. (USTRAN) and world (USFTRD) regions
is balanced against exports to other U.S. (USTRAN) and world regions (USFTRD) aswell as
movements into domestic demand (TN) for acommodity (i) in aregion (r) under ENSO phase event
(9.

Thereisdso anaiond commodity baance condraint in the U.S.

@ qe § ™ #0. foralis

where aggregate demand (Q) is balanced with the quantities (TN) from the regions (k) by commodity
() and state of nature(s).

The factor congtraint for regionk inthe U.S. is

@ X &R #0,  foralkr
J

where f; is the resource usage per acre for j™ production processing in region k for resourcer. This

equation baances factor supply (R) againgt usage by production (fX) in region k for factor r.

15



The commodity baance congraint for good i in ROW region cis

(®)  wFQD,_ % J USFTRD,

i,ck,s

% ) § FTRD,
cl

i,c,cls

#FYR for al i, ¢, s

i,clcs

4FQS, &5 USTRD,,, &j FTRD
C

where ROW region demand (FDQ), exportsto the U.S (USFTRD) and exports to other ROW
regions (FTRD) are baanced off against ROW region supply (FDS), imports from the U.S.

(USFTRD) and imports from the other ROW regions (FTRD).
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