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Abstract

Natural resources are being discovered in more
countries, both rich and poor. Many of the new and
aspiring resource exporters are low-income countries
that are still receiving substantial levels of foreign aid.
Resource discoveries open up enormous opportunities,
but also expose producing countries to huge trade and
fiscal shocks from volatile commodity markets if their
exports are highly concentrated. A large literature on
the “resource curse” shows that these are damaging
unless countries manage to cushion the effects through
countercyclical policy. It also shows that the countries
least likely to do so successfully are those with weaker
institutions, and these are most likely to remain as
clients of the aid system. This paper considers the
question of how donors should respond to their clients’
potential windfalls. It discusses several ways in which
the focus and nature of foreign aid programs will need

to change, including the level of financial assistance.

The paper develops some ideas on how a donor like the
International Development Association might structure
its program of financial transfers to mitigate volatility.
The paper outlines ways in which the International
Development Association could use hedging instruments
to vary disbursements while still working within a
framework of country allocations that are not contingent
on oil prices. Simulations suggest that the International
Development Association could be structured to provide
a larger degree of insurance if it is calibrated to hedge
against large declines in resource prices. These suggestions
are intended to complement other mechanisms,
including self-insurance using Sovereign Wealth Funds
(where possible) and the facilities of the International
Monetary Fund.
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| Introduction

Qil, gas and minerals are being discovered in motmtries, both rich and poor. Tanzania,
Mozambique, Kenya and Uganda, traditionally regdrale energy-poor, are poised for resource booms
and Ghana has already experienced the initial gh&sene agriculture-based countries like Zimbabwe
are evolving into hard-mineral exporters with inwesnts in diamond and platinum mining. Other
established mineral exporters such as Zambia hegerbto see a dramatic increase in mining tax
revenues as investments are fully depreciated andagreements negotiated and some, like Mongolia,
have seen large increases in estimates of progemves. For hydrocarbons and most minerals, resour
discoveries have outpaced depletion in recent y&sading to new approaches to model the difficult
guestion of how to account for reserve exhaustiamational accounts (Gelb, Kaiser and Vinuela 2012,
Hamilton and Atkinson 2013). Many of the new asgiring resource exporters are low-income
countries that are still receiving substantial Ieva aid. In 1995 Sub-Saharan Africa had only fiuels
exporters; depending on world market scenariosptti@ok is for as many as 19 (Ross 2012) and
virtually all of the additional countries are curtly IDA-eligible. Some, like Tanzania, are paldily
stable and well managed. Others, like South Suataheset by severe political instability andlcivi

conflict, and with a very problematic record orcsmanagement.

This paper considers the question of how donoraldhespond to their clients’ potential windfalls.
Should they greet them with elation or with dismalffey could simply walk away, grateful for theieél
given to their taxpayers. In cases like Equatdsiainea, which combines large resource rents and ve
weak governance, walking away seems to be the obwboice, at least in terms of continuing to pdevi
large-scale financial assistance. Some countreeprajected to cross the threshold to middle-ineom
status in a few years and to be transition outigltili concessional windows like IDA (Moss and Leo
2011). Others, with lower starting points and mmedest resource finds, might continue to be aid-
dependent for longer. For all of these cases, domeed to think creatively and strategically akibat
most constructive roles that they can play, asdummadr “beyond lending” to include a wider range of
engagements. While the emergence of extractivesinies opens up a number of potential “entry [@dint
for development partners all along the naturaluesmvalue chain (Dietsche et al 2013), experi¢nce

date suggests that finding ways to stay produgtigajaged may not be easy in all cases.

One important challenge, and the main focus ofgihjger, is the potential role of donors in helpimg

new resource exporters to deal with increased i&source discoveries open up enormous opporsaniti
but also expose producing countries to huge traddiacal shocks from volatile commodity markets if
their exports are highly concentrated. A largeréiture on the “resource curse” shows that theseeay

damaging unless countries manage to cushion teeteffhrough countercyclical policy. It also shows



that the countries least likely to be able to de #ne those with weaker institutions, and thesenawst

likely to remain as clients of the aid system. &leping countries have a wide array of potential
instruments to help manage risk. They can implérfiszal rules to help stabilize spending, save disd
save abroad using Sovereign Wealth Funds (SWFs3amdlso use the IMF, in particular the Exogenous
Shocks Facility (ESF) within the PRGRonors, in particular, the Multilateral Developra@anks, can
play a role in several of the more market-basedagghes (Perry 2009), but some mechanisms, such as
developing local currency bond markets or indekdohbonds, may be more applicable to middle income

countries, or at least to countries emerging frashdapendence towards market-based financing.

The specific topic considered here is how donoghimieshape their flows of concessional development
assistance to provide some insurance against essbaopoms and busts. Insurance could be provided to
the country or facilitated at the macroeconomiele\Alternatively, insurance could be providedhe
development program itself to reduce its vulneihib fiscal shocks. While the arrangements Fer t
latter might be more complex, in some situatiomsight be a more acceptable approach for a donor
especially if there are concerns that providing im@conomic or budget support will not necessarily
insulate “good” development programs from changeounterpart funding. Either way, the question is
how best to design a program that is able to re$pmshocks from volatile commodity markets and how

to finance such a program within the often rigidding constraints faced by the donor.

Volatility is of course not the only issue. Resmuwindfalls raise several difficult questions flamors.
Even if they endorse “country ownership”, as mastrdprinciple, donors sometimes become uneasy
when they lose leverage over the policies and pragrof their clients. How should they respond if
governance weakens or the efficiency of the publiestment program deteriorates? These are not
simply theoretical possibilities -- oil exportexsose far lower than other developing countrieshan t
index of public investment management (PIMI) pragtlby the IMF (Dabla-Norris et al 2011). How
should an issue-focused donor react when it becamearent that its mission is not a priority fog th
country’s own spending? Many donors, such as tbhedb Fund, expect that recipient countries should
shoulder an increasing share of program costsegdticome richer, but they may have other prigritie
This debate has surfaced, for example, over thstigmeof who should fund the continuing commitment
to provide HIV/AIDS treatment. Another questiehiow to respond if the booming regions of the

country leave the poorest communities behind?

Y IDA 2006 notes that while the ESF is intendedrmvitle counter-cyclical balance of payments supjdstalso
intended to play a catalytic role, with the exp#otathat other donors would provide additional ocessional
financing to help countries mitigate shocks. Furthi2A 2013 identifies four special themes that r&at intensified
and systematic focus for during the IDA17 Replemisht period which runs from July 1, 2014 to Jung28Q.7.
One of these themes is inclusive growth, and withis theme special attention will be devoted re¢himportant
channels for inclusive growth, including managirgunal resource wealth.



These examples suggest that donors can concepttiadiz role in terms of three priorities. Thesfjras
noted above, is to assist countries to cope withatd® and unpredictable trade and fiscal reveraelkss,
and at the same time to also try to protect impomiavelopment programs from disruption. The sdcon
is to help countries manage their own resources-wehat has been termed “investing in investing”
(Collier 2007). This can involve a range of applrescand initiatives as discussed below, includog ¢
financing specific investment projects. The thirtb the extent that donors are willing to do-its-to
continue to support activities and developmentgtat they see as a priority but which the couistry

reluctant to fund.

Donors can respond to these priorities by chantjfisgocus and nature of their programs as welhas t
level of financial assistance. One option is targhe the mix of financing instruments. With thress on
“country ownership”, many have advocated the udsudet support as an essential component of
assistance if the legitimacy and capacity of theegament is not to be undermined by fragmentedeptoj
aid. However, as resource taxes cause fiscal vegto balloon programs for resource-rich countries
might shift away from budget support towards prtgeespecially if they provide technical assistamce
create incentives to help the country improve tlamagement of its own funds.One promising
approach is the development of results-based assistsuch as the Program-for-Results (PforR)
approach recently approved by the World Bank. Mdshe PforR operations have been quite highly
leveraged, with the World Bank providing less thaif the total program, raising the hope that
combining domestic and external funds can imprbeeusse of at least part of the resource revehues.
especially difficult cases donors might seek toncleh much of their funding through non-government

channels.

A second response is to increase the role of teahagsistance. This can be provided to goverrsrent
strengthen management across the entire resouteealain, from improving geological information to
structuring resource concessions and taxation girdudget management and to the choice of
expenditures and the quality of spending. It dao enclude support to civil society organizati@rsl
parliaments to improve their capacity to understiduadsize and implications of resource discoveaies

to monitor government policies, programs and spenpdMongolia presents an example, with an

2 Morrison 2012 notes that the shift from projectsards budget support has partly been driven byigw that
project performance cannot be insulated from cqurdnditions. While this view was validated bylearstudies
on the relationship between project and countrjoperance ratings, more recent studies suggeseitied
management effort together with better projectctia can result in well-performing projects evardifficult
conditions. Denizer and Kraay 2011, for exampted that project performance in fragile states mase or less
caught up with performance in better-managed c@mtrThe unit preparation and supervision costgojects in
the fragile states are far higher, however, thasetfor projects in well-managed countries.

% For a synthesis of the first PforR operationsGekb and Hashmi, 2014, forthcoming.



innovative donor program engaging parliamentarars specialized committees in response to the need

to inform the policies of an unusually activistigture.

A third approach is for donors to help develop ampport global norms and standards to name and
shame individual governments (in some cases imfusianctions) and to provide a basis for countdes
compare themselves against others. These effaitgdie the EITI/Resource Charter, the Kimberly
Process, the Dodd-Frank legislation in the US,@rdparative benchmarks such as the Open Budget
Index, the PIMI Index and the Santiago Principlassovereign wealth funds.

Even though some of these mechanisms mark a shdly drom resource transfer towards broader
strategies for engagement, there is still the guesif how to cope with trade and fiscal volatilityr
those components of the program that do involvanional support. This is, of course, less necedsary
countries that have the capacity to manage vdigtbut even some of these will face political doaisits

to limiting spending and the risk that hard-wonisgs built up in a SWF could be raided by a futless
prudent, governmerit. Section Il outlines the scope of the prospectifvallenge. It takes Uganda as a
specific example, comparing estimates of aid an8l fl@ws with projections of oil income. There is
every prospect that resource taxes will far eclipsggeted aid flows, but also great uncertainty the
level of resource exports and fiscal revenues. dAthe excited speculation on the future of the new
resource exporters, it is important to recognizg fome countries, like Uganda, might end up viftie |

or nothing.

Section 1l considers how a donor like IDA mightustture its program of financial transfers to rratig
volatility. One approach is to support effortsthg country to hedge its own risk. This could iweo
funding part of the cost of hedging (for exampheptigh purchasing options as done by Mexico to dedg
oil price risk) or by increasing the country’s asgdo futures markets through reducing the levelsif
perceived by counterparties. This could be dooe,ekample, by committing part of the future aid
envelope as a first-loss reserve in the eventdaffault. The attractive feature of this arrangenethat it
is precisely at the time when oil prices are higlind aid less needed—that country risk is higheeste
it is in this state that Uganda would have the miosgntive to renege on a forward contract and doul

face margin calls on any futures contract.

Another approach would be to adjust the level aigpam disbursements in response to resource shocks
so that countercyclical aid flows provide a degpésurance to the development program. Thisdaoul
include a range of budget support, project suppaod results-based instruments. The approach would

complicate project agreements but it could offens@dvantages, especially in situations when therdo

“Fora country capable of setting up and implementing fiscal rules it might also be useful to supplement revenue
projections with expected aid receipts



is not comfortable in providing the equivalent afdget support to the country or if project lendiag
preferred because of its associated technical arhgement benefits. With insurance provided to the
program there is less risk from government cuttiagounterpart contribution if oil prices and imees
fall as this would automatically be offset by arrimse in donor funds. Variable support could be

enabled in a number of ways and through a rangestfuments.

The question then is how a donor like IDA can vdisbursements in response to resource shocks even
though the country envelope, which covers all mogwmmitments, is determined by other factors.e On
appealing possibility is to make the allocatiomfata sensitive to terms of trade shocks. Howetves,
would not be a simple change to a formula reachesugh a lengthy process of political negotiation.
The approach would also be subject to long dats, legluding the time needed to scale the country
program up or down in response to a changing dllmtaConsidering these difficulties, we outliners
possible ways in which IDA could use futures coetsao vary disbursements while still working withi

a framework of country allocations that are nottowent on oil prices.

Using a typical futures price distribution Sectibhh offers some simulated examples of how an IDA
program could help to cushion funding volatility Mehstill keeping its own risk within manageable
bounds. The arrangements could be set up to pravigeaduated response to oil price changes or be
tailored towards more “catastrophic” coverage ia #vent that oil prices collapse, as indeed thdy di
during the global crisis in 2008. IDA cannot of cegliinsure against all risks. It cannot cover outjsl,
since the level of production can be affected byntxy policy. Neither can it cover basis risk, the
changing margin between the price received for dgan(low-quality) crude and a benchmark price
such as that of Brent Light for which futures maskexist. Basis risk can be considerable for bil o
different quality trading on widely separated maskeut still leaves a larger component .of markatep
risk that can be cushioned. There are also practical limits on the abilityltedge against medium-
longer-run price cycles. Nevertheless, simulatisnggest that it would be possible to hedge against
sharp declines in oil prices over a horizon ofwa jears at little or no net cost if the governmagitees to
forego part of IDA’s disbursements when oil pricgg high. For this to work in an automatic and
countercyclical way, it would be important not tbgect the program to additional conditionalityf b

see the upward and downward revisions in disburstsras simply scaling the agreed program.

Section V concludes. The Bank is already offeringagety of financial services to its clients thgbu
Treasury operations, so has a stronger basis tlhahather donors for providing hedging serviceshef

kind discussed in the paper. However, buildingsemsus among donors and political constituencies

® Claessens and Varangis 1994 estimate basis ritheaorder of 30% for a number of Latin Americandzs.
While this is substantial and will prevent perfeetiging, they note that the use of hedging instrishean still
reduce variability by up to 70%.



takes time, as does the elaboration of new moesldf aid delivery. It is not too early to begiaming,

a few years before substantial resource revenugs tieflow into the budgets of new producers.

Il Aid and Resource Rentsin Uganda

Uganda offers a typical example of a low-incomedggendent country that is in the process of ttimsi

to becoming an oil exporter. In 2011 total net OBounted to $1,582 million, or 9.4 percent of GDP
(OECD/DAC). Of this, $585 million was provided byultilateral agencies and $997 million by bilateral
donor programs. According to the government’s ahbudget performance report, about one-quarter of
the total was provided in the form of direct budgapport while another quarter consisted of project
support included in the budget. The remaindegbmut half, was off-budget support delivered thioag
wide range of institutions and modalities. IDA was of the largest donors, disbursing US$231 onilli

or about 15% of the total.

Oil discoveries made in the Lake Albert Rift BaBinWestern Uganda since 2006 are estimated at over
1.3 billion barrels, with total basin potential @fer 2 billion barrels. Sizeable capital gains sawere
levied in 2012; but debate on the future shap&®foil industry, in particular whether it shouldlwde a
refinery in addition to an export pipeline, havevgéd development. In the end, a comprehensive
agreement was not reached until 2013, so that anufst oil revenues are only expected to accruer aft
around 2018. Peak production is estimated at aht000 barrels per day, a rate that could beheshc
by 2021 and sustained for 10-25 years on the lohgisrrent reserve estimates. Based on reporsedlfi
terms and a long-term oil price of $96 per bariel 2012 US dollars), government revenue at peak
production will reach over $4.1 billion per year 2012 prices (Table 1). If the Ugandan economy
continues to grow at its recent long-term trendladut 5 percent per annum, revenue would be eguival
to about 8 percent of non-oil GDP in 2018. Prospedhitial oil revenues are therefore comparablaitl
flows, or about seven times IDA flows, but with ingoortant difference that they all would flow tlugh

the budget. Since domestic revenue collectiondehgs at an anemic 13 percent of GDP, this would

increase domestic resource mobilization by mora ttef relative to current levels.

However, Uganda’s prospective oil rents are vemgeutain. This partly reflects market conditions.
Through the last two price cycles oil exports pesdhin OPEC countries have ranged from around $200
(in constant 2000-year prices) to over $1,200.r rrany specialized producers, the difference batwee
an oil export price of $50 and $150, starting frataseline of $100, can be on the order of 50%0QRP G
Even though the new exporters might not be as alimai, over these grand super-cycles resourcs taxe

could range from almost zero to twice the levebasdeline projections. In Uganda’s case this would



mean a fiscal range of uncertainty equivalent maozsk 20% of GDP, or almost twice the level of ODA

and far larger than the shock thresholds suggestédggers for compensatory arrangeménts.

Table 1. Estimates of Oil Revenue for Uganda, 2015-34

2018-22 2023-27 2028-32 2033-37
(US$ million, annual average)

Oil revenue 1,663 3,666 4,113 3,451

Royalty 501 675 675 562

Profit 865 2,441 2,798 2,314

Corporate Income tax 267 373 464 425

Dividend and interest 30 177 176 149
(% of GDP, annual average)

Oil revenue 5.1 7.2 6.2 4.0

Royalty 15 1.3 1.0 0.6

Profit 2.7 4.8 4.2 2.7

Corporate Income tax 0.8 0.7 0.7 0.5

Dividend and interest 0.1 0.3 0.3 0.2

Oil revenue

% of average revenue in 2011-12 63.4 139.7 156.7 1.513

% of total ODA disbursement in 2011 105.1 231.7 260.0 218.1

Memo items

Government revenue, FY 2011-12, (% GD 13.1

Total ODA disbursement, 2011 (US$m) 1,582

IDA disbursement, FY 2011-12 (US$m) 250.5

Sources: IMF, OECD/DAC; Loan kiosk, and World Bat&ff estimates.

Moreover, efforts to predict price trends have asatisfactory record. Major turning points have no
been generally identified, whether in an upwardl@vnward direction. Influenced perhaps by the 1972
study “Limits to Growth”, analysts failed to anfieite the collapse in oil prices after their pealk 981,
when the consensus forecast was for a sustaine@ti®% in real terms. More recently there has:bee
less of a tendency to extrapolate trends and noopedject current price levels. This is consisteith

the statistical evidence that the path of pricaddse to a random walk, but is not particularlyphd for

® Griffiths-Jones and te Velde consider the appadprievel of shock threshold. They suggest a bff% of GDP
and a low of 1% of GDP.



economic planning. While shorter-term uncertainty, as estimated fritva distribution of one-year
futures prices, is less than that of the long-rtioepswings it is still very large. The standaeyidtion of

a typical one-year futures price distribution ieward 20% of the expected value and sometimes hfgher

Uganda’s revenue is even more uncertain than steghdy these calculations, especially if oil taxes
follow good practice and are designed to be pr@jres Lack of clarity on policies and tax dispubtese
delayed the onset of commercial oil production dis&igreements may recur in the future. The detisio
to build a refinery exposes the treasury to antadil risk -- political pressure to reduce domes$tel
prices that are currently very high because ofrteed to import fuel from the coast. Both options —
pipeline and refinery—will require large upfrontvestments and servicing these will cut into thet-cos
price margin for oil and so reduce rents. The logeality of Uganda’'s crude further squeezes the
potential rent margin, and makes it more sensiivenarket conditions than the margin for a low-cost

high-quality crude producer like Saudi Arabia.

The boom-bust cycles induced by large price swaagsbe very damaging. A large body of evidence
summarized in van der Ploeg 2011 and other stsdiggests that a major part of the so-called “resour
curse” can be attributed to the failure of prodgaovernments to implement counter-cyclical polity

the face of large trade and revenue shocks. Tleetadf volatility is not independent of country
characteristics such as the levels of export canaton, financial development and the quality of
political institutions’ Improved capacity to manage shocks, a more rdimasicial sector, and efforts to
encourage a more diversified economy are someeafvitys in which resource-rich countries can work to
minimize the curse. A few, like Chile, have suabed in sustaining counter-cyclical policies udiagal
rules and transparent and independent projectiblos@-run resource prices to guide policy (de Gréy

and Labbe 2011), but even for these it has not basy to resist the pressures to increase speatling

" Oil prices have very high long-term volatility aherd mineral prices are not far behind. Hami608 estimates
the likely price band for oil prices up to four yeénto the future, assuming that the logarithnpra¢es follows a
Gaussian random walk. Starting from an initiatprof $115 per barrel, the 95% confidence rangé®four year
distribution was between $34 and $391. At the time¢he middle of the super-boom with prices spikup to
$140, no one could have imagined prices at thediodvof the scale, but they collapsed to that Iskiettly after the
publication of the study with the onset of the glbtrisis. In addition, many of the new produdexse high base
production costs, further increasing the sensytigftrent flows to market prices.

® The IMF commodities outlook for December 17, 20di®s the expected price for Brent Light Oil at $1ath a
95% confidence interval of [60, 150], correspondim@ coefficient of variation of about 25%.
ehttp://www.imf.org/external/np/res/commod/pdf/cf2t¥13/cpor1213.pdf

° van de Ploeg and Poelhekke 2010 show that adgeoseth effects of natural resources results mafmgn the
volatility of commodity prices, especially for pdibased resources. Indeed, the indirect effdatssource exports
on growth via the volatility channel outweigh aetit positive effect of resource endowments on dgnov#rezki,
Hamilton and Kazimov 2011 find that overall goveenhspending in resource-exporting countries has Ipeo-
cyclical relative to commodity prices and thattie tong run resource windfalls have negative effectthe growth
of non-resource GDP. Both the effects of windfalilsmacroeconomic stability and on growth are matger by the
quality of political institutions.
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times of high resource prices. Many countries h@eeulgated fiscal rules and set up stabilizatiords
in vain. Sustaining counter-cyclical policies grdtecting reserves and Sovereign Wealth Funds from
looting will not be possible without improvementsgolitical institutions. The net effect, as shomn
several studies, can be to turn a large exportfaihidto a substantial output loss. Large spendihgcks
have a similarly destructive impact on developnmograms. Quality and cost controls fly out the
window as spending is rapidly ramped up; finanduatp force large adjustment costs in the downswing

with capital projects left incomplete and recurrieatigets too low to operate and maintain investsaent

Against the scale of this problem, what can be shttie record of aid in providing countercyclical
support? A considerable literature suggests @dgoicture but not a reassuring one. Private @apit
flows are invariably pro-cyclical (Perry 2011) aalithough low-income countries may be less integrate
into world capital markets resource exporters algo feel the impact through surges and slowdowns i
mining investment. A considerable literature fitlgt aid flows have tended to be mildly pro-cyaljc
rather than cushioning, although the record isdé=mr for concessional assistance than for mor&eta
based flows (Perry 2011). Donors may find itidifft to distinguish between the effect of poliayda
external shocks on performance. This should bedkasoncern in the case of resource shocks, but
project disbursements will also respond pro-cydijdétied to the availability of counterpart fuedData
lags and bureaucratic inertia can also cause ftoveecome pro-cyclical even when they are interided
be cushioning. Few donors have instruments tofiirdncing to shocks in an automatic way. Pathef
story is of course lack of coordination, and tkisdmplicated by the number of bilateral and natkital

players and the modalities through which aid isveeéd.™

Il From Aid to Insurance

What might IDA do to help buffer Uganda’s develomt® It cannot insure the country against revenue
risk without risking moral hazard because oil ottigusubstantially influenced by government pokcie
IDA also cannot easily compensate Uganda for clengéhe price of its own oil exports since theetyp

of ail it produces -- “waxy crude” is not widelyaled on world markets. The best that can be dotee i

19 Resource rents pose some difficult macroeconouflicypissues for donors. For example, how to respo
counter-cyclical fiscal policy that boosts reserwd®n resource prices are high? Is prudent managembée
encouraged by continuing donor support which wikhlele even higher savings -- and the accumulafian o
sovereign wealth fund that could be raided by arfytless-prudent, government? Or is it betteutdack
assistance on the grounds that it is less neededtand by to increase it again if resource pridesimet and
revenue falls? The optimum blend of policies amgp®rt can be derived from formal modeling, forragde, using
a dynamic stochastic general equilibrium (DSGEieavork (Daugher et al 2010) or an inter-temporainoiging
model that permits public investment, recurrennsireg, and transfers to the population (ArezkileaGil2) but
such exercises leave a lot of unknowns on the faldetual applications.
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help offset changes in a major benchmark oil prizesh as Brent or West Texas Intermediate. Uganda’s
exports will trade at a substantial and variabkaliint to either, but the country can still be iatd

against large market swings.

A first approach could be to support the use ofgiveglinstruments to transfer price risk away from
Uganda. Exchange-traded approaches include fuba®sd hedges and options; over-the-counter
instruments include forwards-based hedges, comgnediaps, commodity bonds or hybrids. Table 2
and Annex 1 provide more information. These preglbhave a number of constraints and limitations,
including in some cases limited term and liquidiiyf, as noted in Perry 2011, markets for futures,
forwards and options extend out several yearsdrcéise of oit’ Futures-based operations can mitigate
wealth risk, but expose participants to large déshi-risks from margin calls. For a country comtiag

to sell its oil ahead at a fixed price, these mmaggills will be made when market prices rise. dntaast,

forward-based hedges involve considerable cresksriboth to Uganda and its counterparties.

One attractive approach could be to support risknsal hedging (see Table 2), where the countrgsgiv
up part of its upside oil price gain to fund thestcof purchasing a put option to hedge the podyiluf
very low prices. This option introduces flexibjlithrough the different possible choices of thenragd
low price benchmarks. Even though the approach meayemove all risk a series of such risk-reversal

hedges could be made for multiple dates in thedutn obtain a more stable revenue stream.

" Table 5.1 in Perry 2011 shows that for oil, fusiferward contracts are traded for up to 3-5 yahesad and
options up to 2-3 years. In contrast, few contré@t copper are available for longer than one.year
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Table 2: Overview of Risk Management | nstruments

Product Benefits Costs/ Risks/ Constraints
The risk management solution is embedded in thsipalysupply May be complex for government to implement if imjgos are
Forwards contract and there is no need for a separate @britra privately held.
documentation. Depending on the pricing formulas used, forwardévaive
Pricing of forward contracts can be customized#orteeds of same costs/risks/constraints as the financial mtsdiescribed
the hedger below.
Depending on the pricing formula used, forwardd have same
benefits as the financial products described below.
Provides ability to lock in forward prices througtinancial Prices are “locked in” and hedger has limited aptt take
Futures contract. advantage of positive price movements that may rocctine
No upfront costs. future.
Creates unknown and unpredictable future liabslitce hedge
will owe the market counterparty if the market meue an
adverse direction.
Requires financing of a credit line or a creditguree and
managing cash flow /liquidity requirements to suppo
(potential) daily margin calls.
Options Provides ability to lock in maximum (minimum) pricerhile still Has an upfront cost, which is market-driven andatital but

providing hedger with ability to take advantagepositive price
movements that may occur in the future.

can range from 5-12% of the underlying price f@& 38 month
coverage.

Risk Reversals

Limits price exposure to within a price band orlfad that has
both a ceiling and a floor.

Upfront costs can be lower since hedger is simattasly buying
a call option and selling a put option.

Creates unknown and unpredictable future liabslitce hedge
will owe the counterparty if the market moves bettw price
floor.

Requires financing of a credit line or a credit igueee.
Requires managing cash flow /liquidity requirementsupport
(potential) daily margin calls.

Swaps

Provides ability to manage two commaodity exposuoes,
financial flows, at the same time.
No upfront costs.

Creates unknown and unpredictable future liability.
Requires financing of a credit line or credit gudes.
Requires managing cash flow requirements to support
(potential) daily margin calls.

Commodity-Linked
Bonds or Loans

Could be used on more macro level to connect bongrar
financing programs to the performance of a specdimmodity
index.

Can be more complex to structure.
May not be effective as a hedge for specific conumaér
exposures.

Source: Yépez-Garcia and Dana 2012. Benefits asts(Risks/Constraints are discussed from the pbiview of an importer using these
instruments to manage against the risk of increggsiites.
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IDA could play several roles in helping Uganda & 8p such arrangements. First, it could act as a
counterpart to absorb or reduce market and cresit rIDA may be especially well placed to absorb
country risk because of the deep and continuiregicgiships between the World Bank and its client a
also because of the preferred creditor statuseoifls. Second, IDA could act as a credit enhartoer
help Uganda access over-the-counter instrumertedge risk. While these instruments do not require
margins, they are heavily constrained by credit riDA (or the World Bank) could offer guarantebat
would allow potential counterparts to reduce thmillateral requirements. Third, IDA could provide
grants or highly concessional credits to help fosathe costs of purchasing options. Grants coeilid to
defray the costs of margin calls when oil pricegri The futures contracts might not be expectedver

all of Uganda’s revenue risk, so that there wotildl lse some positive fiscal impact from high prsce
Part of IDA financing in this situation would thdx@ shifted towards assisting the payment of margin
calls on the hedged portion, while reducing itsrslad financing for development projects. Suchpsup

for hedging, with the objective of reducing countrgk, would then go together with variable

disbursements and offsetting changes in countefiparicing.

How large are the hedging services that IDA midgfgrao Uganda? This is difficult to estimate grtbe
cost of hedging oil revenue depends on the instnisnesed, the prevailing market conditions, and the
credit-worthiness of the oil producer. In genetlg cost of using derivatives (such as optiond)edge
price risk tends to be on the low end among thayimgdinstruments because derivative transactions
usually allow high leverage, and thus derivatives @ften the choice in hedging oil price. To take a
example, Mexico’s state-owned oil company, PEMEXddred 330 million barrels of oil in 2009 through
the purchase of put options at a cost of US$1lBbilUsing the Mexican experience as a basisctst

for hedging oil revenue in Uganda during peak potidn would be about US$200-300 million per year,
or 8-12% of the oil revenue, roughly equivalentte current level of annual IDA disbursemefithis

is only an illustrative estimate, and further asaywould be required for more accurate costing.

Another possibility would be for IDA to finance tleguivalent of catastrophic risk insurance for Utman
against the possibility of a very large declind@nchmark oil prices. Precedents include the OECS-
Catastrophe Insurance Project that funded the Bzailb Catastrophe Risk Insurance Facility (CCRIF) to

benefit 16 small states against catastrophic weaéhated damage. In addition to lowering the adst

2The cost estimate can vary significantly dependinghe hedging instruments and market conditiohis fough
estimate assumes that Uganda would follow the dsedging strategy to access the risk market as Mediit; the
market conditions are similar to those for the tastrter of 2009; Uganda’s oil price is 80% of West Texas
Intermediate price; the cost range is based onipragfor a 5% Out-of-the-Money and an At-the-Morefan put
option after a transaction cost adjustment of 1@%uylting in a cost of US$4.9-6.6/barrel; and gaveznt oil
revenue during peak production is about 80% ofjtless revenue. Given the preliminary nature ofestémate, the
total cost is rounded to the nearest US$50m.
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self-insurance by pooling risks, reinsurance gaeeGQCRIF the capacity to pay claims associated avith
series of catastrophes of such large magnitudetibgtwere expected to occur only once in everQ1,4
years without needing to draw on its own capitalfore than US$25 milliol?. Other weather-related
insurance projects include Malawi Drought Insuraf@08), the first climate-based insurance offdoed

an IDA client (re-insured by Swiss Re), and thetBeastern Europe and the Caucasus Catastrophe Risk

Insurance Facility.

There is no legal hurdle to the use of IDA resositoebuy a hedge against oil price volatility, aligh it
would require the Board’s approval. The Bank hantsuthorized since 1999 to offer commodity swaps
to its clients, although no transactions have lmeerluded as yéf. There is also no conceptual
difference between the use of IDA resources formpayt of weather-related insurance premia and the
purchase of a hedge against low resource pricethanel may also be useful lessons, including the
tradeoff between cost and coverage. It will ofrseube cheaper to hedge against extreme events with

payout only for very large losses.

A second approach would be to hedge the IDA progtself, by making disbursements contingent on oil
prices. Within the constraints of IDA envelopes anthmitments, disbursements would change in a
counter-cyclical way with respect to oil priceshelprogram could combine policy-based lending,qutoj
support and results-based loans, the latter twio veitiable co-financing. If the oil prices rise,
government contributes more; if the prices fallAlDontributes more. This approach could enable eemo
tailored approach than that possible through pddizged lending alone. It could help to insulate
development programs from shifts in spending piesithat could accompany large swings in the

availability of financial resources.

However, there is still the question of how to impknt variable disbursement levels in the face of a
given country IDA allocation. One precedent, dibsd in Perry 2011is theDeferred Drawdown Option
(DDO) that provides a credit line available to baveah down in case of need. This would be very
unattractive for an IDA borrowess itrequires maintaining headroom in the country progimacase the
drawdown is needed, as well as financial resev@sdvide the headroom. Given the realities ofquid
IDA replenishments and the way of process of ddténg country envelopes, there is no secure way for

Uganda to trade low commitments in one year fargdr program at some indefinite time in the fufdre

13 CCRIF was estimated to have the capacity to vétitsan even more severe series of events with @lgubd
probability of occurring only once in every 10,0@¢ars, although it would require recapitalizatiororder to
continue operating thereafter. World Bank, Impletatan Report No: ICR00002332, July 12, 2012.

*1DA 2006 notes the possibility of using IDA allditans to purchase market-based derivatives andanse.

!> Yganda can frontload or backload commitments withgiven 3 year allocation. While this offers som
flexibility, it cannot trade off with certainty beeen years because the country allocation can joetad within the
three year period.
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One way or another, approaches to enable disburgsrerespond to oil price scenarios would theeefo
have to be implemented through a strategy to hddgiA program against oil price risks. This is

modeled in the next section.

These are only preliminary ideas on the optiondh&lping Uganda cushion large prospective oil reeen
shocks. Many detailed questions will arise in tlo@irse of further development and implementation..
One concerns the appropriate balance between comemti$ and flexibility. Any operation to hedge,
cushion or insure against future revenue shocksinesja high degree of automaticity to be credérid
attractive to the country, as well as truly cousggelical. In some cases automaticity may be emsbge
the up-front design of the instrument, for exampiheough the purchase of insurance along the lofies
the weather-based projects. On the other hand, dsvelopment institution the Bank would need to
retain the ability to respond to changes in thelityuaf the country’s policies and institutions tiiey
occur. Reducing financing flows in years of highpices to purchase insurance or hedges thatlenab
lending to expand in years of low prices impliec@mmitment to release these funds. What if
governance has deteriorated substantially in ttegim? One of the advantages of hedging the progr
rather than Uganda, is that it gives IDA more opyity to respond in exactly the same way as ithdiou

have done normally, but with funding scaled up @wvd depending on oil prices.

A second question is whether it might be possiblgpadol IDA resources between resource-poor and
resource-rich countries to help them diversify sahéhe risk due to volatile oil prices. While Ugia

will benefit from high oil prices Malawi will suffe Depending on the emerging distribution of mater
production, it might be possible to embody somegiveglof IDA flows in this way, reducing the need fo

country-level hedging arrangemefis.

A third question involves the implications of petio IDA replenishments. The three year term ddes g
more predictability than for most bilateral progsathat need to be authorized on an annual badist bu
still means that funds are assured, on averagéederthan two years ahead. This confronts thil@mo
that major swings in resource markets are not lysyaér-to-year but strong multi-year trends wikiaip
reversals. This may be less of a problem for pitsjavith multi-year commitments, since the funds ar
already appropriated and hedging can be applied¢b successive year of disbursement, but thetdl is
the question of whether it might be possible teetage WBG creditworthiness to extend the time range

of hedging instruments.

'8 The approach might also be considered for sontieeoMonetary Unions in Africa, including the propdsEAC
Monetary Union, that combine resource-rich and ues®-poor countries and where a resource boom ¢oglger
an appreciation of the current currency, so redytie real value of aid to the resource-poor coemitr
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IV. Hedging the IDA Program against Oil Price Risk

We now consider approaches towards hedging the pi¥yram to enable disbursements to vary in
response to oil prices in the face of fixed comrittnlevels. We consider some examples and

guantitative parameters for one approach. Anngsotides background information.

The first combination is a risk reversal hedge wiimg of a put option and two call options. Agth
beginning of a fiscal year, a country program isead, with disbursements at the end of the fisealy
conditional on the implementation of agreed posicand actions by the government. IDA agrees to
disburse the program amount if the average bendhprane of oil remains in a pre-agreed range, gear
amount if the price falls below it and less if kceeds the range. Such an arrangement could be
implemented with a put and a single call optiort, ibis also important to avoid the possibility thBA
could be exposed to unlimited negative cash flolv#he oil price soars to very high levels. Some
minimum level of disbursement might also be neagsgamaintain continuous engagement, even if oil
prices are very high. IDA can put a hard limit e potential negative cash flows by purchasing a

second, even more out-of-the-money call option.

We derive a formula for an extended risk-reversalde consisting of a long put position, a short cal
position, and a long out-of-the-money call posit{@&wox 1). The total cost of the option portfoliozero
assuming risk neutral contracts. Figure 1 showbutsements relative to the program size for thaepr
ranges separated by p, cl and c2. Disbursemeoée@xhe program for prices less than p, equal the
program for prices in between p and c1 and decrasgwices increase further, reaching the minimum
disbursement level when prices reach c2. The ¢ggewt payments, either to IDA or from IDA, wikkb
given by the difference between the program anbudsements weighted by the probability distribution
function for the futures price at expiration. Otee entire price range, the net expected paynsezero.
Figure 1 also shows disbursements for a modifiskinéversal hedge, with a smoother graduation over
the price range and a higher minimum disbursemeamntistcaint. This provides less escalated

disbursements in the event of very low oil priced thus a lower level of “catastrophic” insurance.
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Box 1. Probability distribution for disbursements of a product based on an extended risk-reversal hedge

We derive a formula for an extended risk-revergalde consisting of a long put position, a shottpasition, and a
long out-of-the-money call position. The total cothe option portfolio is zero assuming risk malitontracts. Let:
f - Futures price at expiration

£, - Current futures price
t - Time to expiration

o - Volatility

p - Put strike price

¢ - Call 1 strike price

c, - Call 2 strike price

b - Number of barrels hedged
P - Program size (the level of commitments)
p - Disbursement

d - Disbursement proportiord(=D/P )
d,,, - Minimum disbursement proportion

mi

H, - Cumulative probability distribution of randomriable X
h " Probability density of random variabe
N - Cumulative probability distribution of standardrmal (Gaussian) random variable

We have four possible ranges for the futures mtaxpiration, where the following relations hold:
f<p = D=P+(p-f)b = d=1+(p-f)o/P - f=p+(A-d)P/b)
psf<c = D=P - d=1 1)
gs<f<c, > D=P-(f-c)b = d=1+(c,-f)b/P = f=c,+@-d)P/b)
c,sf = D=P-(c,-c)b « d=1+(c,—-c,)b/P
Disbursement is minimal when the futures price edeghe strike price of the OTM call option. ItrtHellows from
the last of equations (1) that the number of baredged must be

b= PA-dyin) (2)
(c,-c)
From (1) and (2) we get the following relatiotl€ notation means the distribution of the pricexatiration is
conditional on the current pridg  and of the vaiiatio)
Ho(d|f,,0)=1-F. (p+ (A-d)P /b)|[f =f,) d>1

Ho(d | fo,0)=1-F (p [f = f;) d=1 (3
Ho(d | 15,0)= 1= F, 6+ (1=d)P D) [T = f,)  d, <d <]
Hy(d|f,,0)=0 d<d,,

Using the risk-neutral probabilities, we know fr@tack-Scholes theory (see Nielsen 1992) that tobatility
1-H. (X |§)) that a call option with exercise price X and caotrerice S will be exercised iN(d,) Where

q :_In(X/SO)+(02/2t) (4)
2 0_\/{

From (3) and (4) we calculate the cumulative disition function for disbursement percentages devis!:
HD(d|f070—):O d<dmin

o, In((e,+@-d)P /b)) f)+o? 2t
Hy(d ]| f,,0)=N(- d,, sd<1

o(d | fy,0)=N( ot ) Oyp=d< (5)

_ N In(p/ fy) o I 2t _

Ho(d | fy,0)= N( e ) d=1

|n((P+(1‘d)(P/b))/f0)+02/2t)
ot

Ho(d | fo,0)=N(-
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Figure 1. Disbursement relativeto Program for Risk-Reversal Hedges
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A second combination could be hedging with putamionly. Uganda borrows a given amount X which
is not immediately disbursed. Conditional on thgpliementation of certain prior actions and refragni
from their reversal during the project period, IAmMmmits to disburse for the next Y years amountskq
to O if the average price of oil exports duringeaydoes not fall below a certain level, and soositipe
amounts if it does, with these amounts being latigerlower is the average price of oil. To achigse
objective to help maintain macroeconomic stabilibe program needs to cover a sufficiently longetim
period and a sufficiently large portion of oil renes. This product could be financed through agtof
puts (see Annex 1). The most important tradesthat between the time horizon Y and the portibn o

the country’s oil revenues it helps to hedge. Tmgeér is the former the smaller will be the latter.

To estimate the probability distribution of disbemsents we can start from the case when Y=1. Hgdgin
with puts is not costless, and without a zero cosistraint the number of barrels hedged is arpitias

long aspb< P . We include premiums paid in total disbmsnts, although not all of this is received by
Uganda. The mathematical formulation is in Box Eigure 2 provides a graphical representation,
distinguishing disbursements received by Ugandi fratal disbursements; the difference is the cbst o

the put options.
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Box 2. Probability distribution of disbur sementsfor the product based on hedging with put options

To estimate the probability distribution of disbemsents we can start from the case when Y=1. Hegdgith puts is not
costless, and without a zero cost constraint theleu of barrels hedged is arbitrary, as longpasp e. ik¢lude

premiums paid in disbursements. The minimum possiidbursement happens when the puts expire westhhence

dmin:]'
There are only two cases to be considered, depgdinvhether the puts expire worthless or not.
f<sp = D=P+(p-f)b « d=1+(p-f)b/P = f=p+(@-d)P/b 6)
psf = D=P = d=1
The following relations then hold:
H,o(d|f,,o0)=0 d<1 @
Ho(d|fy,o)=1-F.(p|f,.0) d=1
Ho(d|f,,0)=1-F.(p+ (1-d)P /b |f,,0) d>1
Using (7) we obtain the cumulative distribution étion of the disbursement proportion:
Ho(d | fo,0)=0 d<1 ®)
_ N In(p /) +(a?i2t) _
Ho(d [ f,,0)=N( Ny ) d=1
Ho(d ] fy.0)= N(_In((p+(1—d)(P/b)/ f0)+02/2t) d>1

gt
The formulas expressing the probability of the disement proportion reaching a given level in ihgle period case
are not simple, and in the multi-period case thegome highly complex. Since no calls are solddikbursement
proportion will always be greater or equal then.okein the one-period case the number of barretighd is arbitrary
up to a maximum. Let us consider first the two-pertase. We make a few simplifying assumptiong §dme number
b/2 of barrels of oil is hedged in each period withispliaving the same strike pripe . The total prempaal for the

puts ispp . We assume the premium is paid in two limséants, one in each period. Of the remaining cashsb, half is

disbursed in each period, plus the profits from fgeaiod’s long put position. These assumptionshay substantive
effects but simplify the analysis considerablyelth period the following two alternatives are fass
f<p = D, =P/2+(p-f)pb/2 - f=p+(1-2d, )P /b) )
psf = D =P/2 = d; =1/2
The cumulative probability functions of disbursernproportions in the two periods can then be exqgésas follows:

H, (d [ f.0.)=0 d <1/2
Dl( || i-1 1) i (10)
Ho, (11,0, = N (- fa) * (0,720, 6,=1/2
1 gt
—_ 2
Ho, (0 1 fp,0,0)= N (X2 T ) 0, T2y g 5
1 gt

Here 0, and0, are the current and future volatilifessumed known with certainty). A total disbursetrievel

d =d, +d, can be achieved in infinitely many ways. The ploliy density of total disbursement level is
h(d)=0 d<1

h(d):.[0 hy (X| fy,04)h (d =X |f (x),0,)dx d=1

Notice that in (11) the probability density of petitwo disbursement levél — X is conditional on theifes levels set
f(X) consistent with disbursement lev¥l in period one.
There is no analytical formula that represents#hation in equations (11), so numerical integmratiwuld be required to

compute the cumulative probability function of fadésbursement, which is given by:

H(d) = [ [y [ 5,000 (y - X [x,0, )X (12)
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Figure 2. Disbursement relativeto Program for Put Option Only
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To estimate the potential of these approaches wecoasider some numerical simulations for
disbursements under the risk reversals combinationlving one put and two calls. The probability
distribution underlying Table 3 is based on a tgpine-year futures price distribution with a stamd
deviation of 20%. The futures price distributioill wot necessarily be stable across longer tintéops
(Krichene 2008) but this is a reasonable approxondbr most periods. Table 3 shows disbursements
relative to program commitments for a range of ades. The futures price at the time of the cortisc
the level in November 2013, $105.95. Put exengigees (the price below which disbursements start t
increase above program) range between $80 and&siD0all 1 exercise prices (the price above which
disbursements start to fall below program) betw&EtD and $130. The table also controls for minimum
disbursement levels that range between 20% anddd@Pe program. The lower is the put exercisegyric
the more the arrangement approaches “catastrojtsicfance against a collapse in the oil markete Th
lower are either of the call 1 exercise price @ hinimum percentage disbursement, the more ready i

Uganda to forego IDA disbursements in the everhigif oil prices'’

" The Call 2 exercise price is not independent, dpeiefined endogenously by the model.
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Table3
Disbursementsunder therisk reversal instrument
(Ratio of disbursement to program)

Futures price: USD 105.95

Put exercise price 80 90 100

Call 1 exerciseprice 110 120 130 110 120 130 110 120 130
0.6 0.6 0.6 0.675 0.6 0.6 0.997 0.624 1 1
04 0.4 0.4 0.513 0.4 0.4 0.996 0.437 1 1
0.2 0.2 0.2 0.351 0.2 0.2 0.994 0.249 1 1
0.6 1 1 1 1 1 1 1 1 1
04 1 1 1 1 1 1 1 1 1
0.2 1 1 1 1 1 1 1 1 1
0.6 2.116 1.649 1.325 1.87 1.421 1.009 1.376 1 1
0.4 2.674 1.973 1.487 2.306 1.632 1.013 1.563 1 1
0.2 3.232 2.298 1.649 2,741 1.843 1.018 1.751 1 1

Expiration Minimum

disbur sement

Consider first the case of “catastrophic” insuranaeere the program is designed to compensatefonly
very low levels of oil prices below $80. If Ugandawilling to forego a substantial proportion bétaid
program when oil prices begin to exceed $110 itgr@atly scale up disbursements when prices are low
If prepared to see disbursements sharply reduc2@%oof their program levels in the event of high o
prices it can more than triple disbursements iretient that the realized price is $75, which isualdo5
standard deviations below the current futures prieeen with a minimum disbursement of 60% of the
program, a realized price of $75 would result sbdirsements more than double the level of
commitments. Given the size of the IDA prograhatiee to Uganda’s total oil exports this would et
enough to fully compensate for the decline in etpbut it would be quite substantial relative te tbss

of fiscal revenué® This “catastrophic” design would not of coursslilate against the effects of smaller

shortfalls in the export pricg.

18 To provide illustrative numbers, assume an IDAgoam of about 15% of the base level of oil expartd oil tax
revenue about 50% of export revenue. The additi@? disbursements are then equivalent to abodb 30 the
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If the put threshold is raised to $90, disbursesean still reach twice the level of commitmenBut
this will require both a lower call 1 exercise griglisbursements will begin to taper off at a lopece
level) and accepting a lower minimum program indkient that oil prices turn out to be high. Furthe
raising the threshold to $100, only slightly belthe initial futures price of $105.95, further caagts

the options, and limits the amount of insurancesitbs in a very low price scenario.

V Conclusion

The emergence of low-income countries as resowperters poses a number of challenges for donors.
Depending on the size of prospective resource @g&they will need to shift away from their tralital
role as funders towards more complex partnershigisaddress three types of problems. First, progra
will be successful if they help countries increaseountability for the use of their resource reenand
improve the quality of spending. This could inkfforts to leverage projects with domestic resesyr
more emphasis on technical assistance, and mangsefid develop and encourage the use of global
norms and standards. Second, donors may face lsamehoices over whether to continue to support
“priority” sectors if fiscal spending allocationsggest that these are not seen as priorities byettipient
country’s government. The third issue, and thpéctof this paper, is the need to make aid morentzu
cyclical, to help offset some of the increased tigkt accompanies a transition to a resource-degpegnd

country.

The paper has set out a number of possible appgeanid some financial instruments that could bd use
to hedge the aid program. They will be less needetdurse, in cases where the country is ableitsye
counter-cyclical policy itself along the lines ofi@, saving abroad during the booms and dis-saving
during the busts. However, comparative researotvsithat this will be a challenge for many low-
income countries, particularly those with weakestitntions that are more likely to remain aid réeips
after they discover resources (though some of eomight graduate), especially those specialized in
commodity like oil with well-developed futures matk. IDA could be used to assist the country to
insure itself using market-based mechanisms. dtsig possible to insure the development prograetfit
against large swings in counterpart funding andleathis will involve more complex disbursement
arrangements, it may be preferred in cases where #re serious reservations about providing budget

support. Either way, simulations suggest that éfvan IDA program is modest relative to oil revestit

base level of revenues, comparable to the los9%f @f oil tax revenue due to the shortfall of tmiz@ ($75) below
the futures price of $105.9.

% There is also the question of how to factor inrikk that IDA’s counterparty defaults, leaving IDdable to
deliver on its disbursement contract. One opti@ulel be for Uganda to absorb this risk, since theging
operation is undertaken on its behalf, but thidd¢oumake the approach less attractive to the couhty support for
its own hedging strategy.
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can be leveraged to provide a considerable leviglspfrance against year-to-year fluctuations, dafigc

if the country is willing to restrict coverage todtastrophic” market declines and to give up atsuiisi|

part of the aid program when prices are high. émmnting such arrangements would require novel
arrangements, both to hedge IDA commitments tolerdibbursements to vary in response to oil markets
and to design loan agreements with contingent $evkfinancing. But there appear to be no specific
legal barriers in the way and indeed, the princgdlsuch operations has been endorsed by IDA. Sdme

the approaches can draw on precedent operationgrthade for insurance against natural disasters.

There are of course limits to the types of insueathat can be provided through an aid program.nEve
for an oil exporter it would be impossible to hedlge long swings in oil prices that have tend tousc
around every twenty years or so. Self-insuranoautyh the accumulation of large balances in a
Sovereign Wealth Fund, combined with determinedré&ffto diversify the economy, is probably the only
way to approach this problem. But not all coustiave the institutional conditions to succeedfand
many the risk is high that the fund will be raidedd so transfer resources from a more towardssa le

responsible government.

This paper is only a first effort. More detailessassments would be needed to move these pogasbilit

towards actual operations.
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Annex 1
Hedging with Futures, Options, and Risk Reversals

This annex presents basic information and a sifiguieal analysis of the hedging instruments refetced

in the paper.
Hedging with Futures

A futures contract is an exchange-traded bindingyation on two counterparts (traders). The “loside

agrees to purchase from the “short” $igecertain amoun (e.g., 1000 barrels) of the Upithey
commodity (e.g., West Texas oil) at the currfeiires price on a future date (thexpiration date). The
futures price is determined by supply and demarideagxchange. The contraatistional value is the

product of the futures price and the amount ofuthéerlying commaodity corresponding to one contract.

At inception a futures contract has no intrinsitueawhich would suggest that no initial cash floave
required from either counterpart. Not only thisi@ true, but in addition a futures position heald t

maturity may generate positive or negative cashidlon a daily basis. In order to manage their ¢redi
exposure, exchanges require that the countergaftures transactions post margin. For this pug@os
participant is required to open a margin accowegasate from its account at the brokerage thatuggsc

the trades on its behalf. At trade inceptioitial margin must be posted; typical values are between 2 and
10 percent of the notional value of the futuresti@ot. If the market moves in such a way that thde
becomes profitable the exchange adds cash toaterts margin account; if the trade has potenbissés

the opposite occurs: cash is removed from the margtount. There is also a minimumaintenance

margin, slightly lower than the initial margin, whichrecalculated on a daily basis. If cash in the nmargi
account falls below the maintenance margin thestréaces anargin call. It is contacted by the exchange
and required to add cash to the margin accoutiteltrader does not comply its positions are ligted

by the exchange. Both types of margin are calcdlatea per-contract basis but the exchange may alte
requirements depending on market conditions (peagipds of very high volatility) and on the valuietioe
underlying contract. Brokers may require margingvatthose required by the exchange. We assume that

cash on the margin account earns interest at thailing risk-free rate.

2 When entering futures transactions one is not tgiyor “selling” futures contracts, but rather ering a contract
to buy or sell the underlying commodity. In markeatlance the expressions “going long” and “goingrshare
used to indicate entering positions with a positveegative exposure to the futures price.
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One-period analysis

In order to clarify the issues we simplify radigahe analysis, assuming there is only one pefiagde 0
is the beginning and time 1 is the end. All af ttountry’s oil is extracted during the period aott at

time 1. Hedging is undertaken at time 0 and dejivexppens at time 1. It is shown below that in this
simple framework hedging with futures is fully effeve in removing both wealth and cash flow

uncertainty.

The price of oil i, t =0,1 | the (per period) interest rist¢ and the futures pricefs, t=0,1 . we

assume that a standard no-arbitrage condition leetiveerest rates, the oil price and futures pricads:
fo = py(1+T) (13)

The values of all variables in equation (13) arevimn at time 0. It simply states that the oil fusipice
equals the oil spot price plus intefésTherationale for equation (13) is that there are two alternmtths

for making a bet (on the long side) on the spopode at the futures contract expiration date: a)

borrowing sufficient funds to purchase barrelsibfarlay and storing the oil until the futures
expiration date, and b) going long a futures cantralternatives a) and b) should be equivalentrifitbe

financial point of view.

A trader who posts margim  when going long a futwastract and holds the position until expiration

receivesb(f, — f,) +mM(1+r) at the futures expiration date. The paofithe trade is therefore

b( f, — f,) + Y . Considering the high volatility of the oil pritiee interest earnings can be rounded off
and trade profits can be approximated by the diffee between the oil price at expiration and aletra

inceptionb( f, = f;) . Similarly, the profit for a trader withshort position held to maturity would be

b(f,— ), +mr,=b(f,~ ).

We assume that oil output, measured in barreldl odtcime 1,q; is known but the spot and futures
prices of oil, which are equalized at that pointime (P, = f,) are uncertain. The country’s oil revenue

R = p,gis therefore also uncertain. By hedging itself wittures the government could completely

eliminate all uncertainty about its revenue (neth@figing gains and losses) at time 1. If at tintiee0

L n the oil futures market this relation can belaied due to storage costs and other market imgtéofes. If the
futures price is higher (lower) than the no-arlgjgavalue the market is said to becomtango (backwardation). Oil
futures fluctuate between contango and backwandaliot are on average backwardated. The front aohis more
often than not the most expensive one.
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country would shorfl, =0, /b futures contracts and postahinargin (a negative revenug)y= nn,

then at expiration its total revenues would be
R =pa+nd(fo—f)+mnfl+r)=fg+ml+r) (14)

Equation (14) shows that the country’s revenuéa tL could be decomposed into three parts: a) oil
production valued at the futures pritg , b) tha@ahinarginnm, , and c) margin intereBi,r . All of

these three components are known with certaintiynat 0. Hedge profits or losses due to oil price
variations perfectly offset variations on the rewes from oil during the period. Also, there are no
margin-related issues since the whole positioigisdated at the end of the period. In this ondeaker

framework all wealth and cash flow risk is elimieet
Multiple trading periods

The one-period analysis would only be applicabtbéf exchange did not recalculate the required imarg
until the expiration date. In practice margins r@ealculated on a daily basis. This raises theipitigs of
cash flow uncertainty as the country could facegimacalls or receive excess cash into its margin
account. Below we show that although the countouihbe able to effectively hedge its oil wealtings

futures margin variation may generate significagtcflows in intermediate trading dates.

To better understand the issues, consider theicagesich there are two periods, the futures exjorat
date is at the end of period 2 but there is tradimgj margin requirements recalculation at timesdl
Assume, for simplicity, that the interest rate fixed and known for both perio@fsIn this framework

equation (13) becomes
fy = py(1+r) (15)

Also, assume that the per-period oil output r@tes coinstant, all of the country’s oil will be extred
during the two periods, and the amounts availalildoe sold and delivered at the end of each perkdd

time O the total production for the two periodfiésiged, so the country goes short a totfl, 6f 2¢ /b

futures contracts. Define the country’s oil weathime tW, as the sum of oil stored plus oil on the

ground, both valued at the spot oil price, plusvaleie of the margin account (which includes psofind

22 Alternatively we could work with the weaker assuimp that the second period interest rate is knatiime
zero. The magnitude of the effect of uncertaintguwbnterest rates on futures prices is small feolatile
underlying commodity like oil whose price does divectly depend on interest rates. Of course faurgs on fixed
income instruments or derivatives the uncertaibiyus future interest rates is fundamental for pdegermination
and cannot be overlooked.
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losses on hedges). It will be seen that hedging/iranally eliminate all uncertainty aboM¥,  aiy,

On the other hand, even with one single intermedraiding date between inception and expiration the

country could have a negative total cash flow st@nario of extremely large first-period oil price

increases. That is, a margin call could be so lasg® exceed all of the country’s revenue from oil
deliveries in the first period. Still, futures héwalg would virtually eliminate wealth uncertaintyy any

margin calls should be taken as “money in the bandt will be recovered later under all scenarios.

Oil related wealth at time 1 can be decomposetasum of the value of oil already extracted and so

pd, the present value of future oil productidif]/ (1+r)  anshcg on the margin account, which can
be further decomposed into hedge earnings fromidatprice variatio,b( f,— f;)  and initial margin

including accrued interedtn,(1+r) . Since, in analogy weijuation (13),

f,=p,@+r) (16)

we can write
Clznob(fo_ f1)+rmo(1+r) (17)
W =2pg+c, (18)

Using (15), oil wealth at time 1 reduces to
W =2pg+2(p,(1+r )= pJa@+r )+mn, (I+r )= A+ 20,— p,r+m,(Fr  (19)

Of the three terms in the right-hand side of (189lyahe middle one is not known with certainty iate O.

This is due to the presence of the spot oil pridévae 12,

At time 1 the country sells its first-period oiltput at the spot price and liquidates half of ittifes
position. The resulting cash flow is exactly on# béits oil wealth, as given by (19). Accordinglthis
portion of the country’s cash flow at time 1 (adlvas the remaining oil wealth) shares the agge=gdt

wealth low uncertainty level. However, the margimtbe country’s remaining futures position has

% This term represents a small gain or loss steminomg the path taken by the oil price between tiemd 2. If
the oil price drops in period 1 then the countril vve excess margin at time 1 and earns intereshat margin
during period 2. Conversely, if the price goesmupériod 1 the country has to satisfy margin catld gives up the
interest the cash used for that purpose would iégperiod 2, since that cash is transferred tocthenterpart via the
exchange. However, this term is of second ordenadnitude. If the spot price remained steady #risitwould be
exactly zero. Even if the spot price had a vergdamove, say, 50%, and the trading period was leeny, say, one
year, at current interest rates (say p&annum) this term would represent only 1% of thaltobtional amount of
the hedge. Higher interest rate levels would naingfe this picture significantly.
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changed, which requires additional cash flows. éaij@fter the country liquidates half of its fusire

positions, from (13), (16) and (18), the remainiagh in the margin account is

mn,(1+r)

=(Po— PYa@+r)+ (20)

LW
G =6 5

This balance is highly uncertain as its volati(igyandard deviation) equals the volatility of tné hedge

of one period’s oil outpdt In particular, if the margin account balar@e Isfakelow the maintenance

margin the country will be required to post additbmargin. We assume that regardless of the

profitability of the futures trade the country wkktep as little cash as possible in the margin@adc@and

therefore bring back the margin to the initial margvef> M, . The resulting cash flow is then
(P~ PJad+r)+myr (21)

Letting g, stand for total cash flow at time t, weritteve that the country’s total cash flow at time 1
from selling oil, liquidating half of its futurespitions, and bringing back margin account caghéo

initial margin level is, from (19) and (21),

mn,(1+r)

W
9 =71+(p0- pYAL+r)+mny = pa+ (p,— P+ 2r )+ (22)

Looking at the right-hand side of (22) one seesttimcash flow at time 1 is highly volatile. Itéasy to
check that if the price of oil doubld$, =2p,) total céiskv becomes almost zero. Even larger oil
price increases would lead to negative cash flows.

Moving on to period 2, we see that a one-perioth&a&ork is now applicable: the country is shb(g]/Z

futures contracts at the prick and has postedimﬁi’@o/ 2. The country’s wealth and revenues are

therefore effectively hedged during period 2.

We can consider three alternative scenarios fdr flaw:

%4 The reader may puzzle over our apparently coitficstatements about the uncertainty of the cotsiy wealth
and margin account, since both depend on the i@miaf spot prices between times 0 and 1. The re&suthe
asymmetry is that for the country’s oil wealth #pot price variation is multiplied by a small numkihe interest
rate for the period) while for the margin accourg spot price variation is multiplied by one plbs interest rate, a
much larger number.

% gtrictly speaking the country could keep the nmaagior above the maintenance margin. Since thialiand
maintenance margins are only slightly different assumption simplifies the notation and does neéla
substantive impact on the analysis.
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Scenario 1: The oil price stays constant or flugsiaery little between times 0 and 1 — In thissc®

the second tem on the right-hand side of (22) isllstfithe price goes up between times 0 and 1 any
margin calls will be small and will be easily mkthe country has some cash reserves held for this
purpose. If the price goes down only a small amafieixcess cash will be available to be withdrawn
from the broker’s account. Total cash flow, toratfapproximation, equals the product of oil outmod

the spot price at time O.

Scenario 2: The oil price goes up sharply. — Stheecountry has a short hedge position it has large

losses on the hedge (the second term on the ragid-kide of (22) is negative and large in absolatee)
and faces similar margin calls. Unless the coun&ty substantial cash reserves set aside for tipegpr
of meeting margin calls its futures positions W# liquidated by the exchange (or the broker} It i
important to notice that the country’s wealth dnesdecrease in this scenario. The cash spentigima
calls is matched by gains in the value of the remaioil output and the negative cash flow at time

offset by a correspondingly larger cash flow attith The additional cash flow at time 2 will obtawven
if the oil price reverts to its initial levgl, or ewvdalls below that level. This is because the couist

(almost) perfectly hedged during period 2.

Scenario 3: The oil price goes down sharply. — @tentry accumulates large profits in its margin and

brokerage accounts (the second tem on the right-bigie of (22) is positive and large). Again, the
country does not become wealthier in this scerance the excess margin will be used to offsetitiop

in cash flow at period 2.

Hedging With Options

An option is a contract between two counterpartstiich one counterpart has the right (but not the
obligation) to buy (or sell) a predetermined amaoafrd certain commodity (thenderlying) at a certain
price (thestrike price) at a future daté (theexpiration date) while the other counterpart has the
obligation to sell (or buy) the commaodity if reqedr. The counterparty that has the right is salgketo
“long” the option and the other counterpart, whitas the conditional obligation is “shdttthe option,
regardless of whether the option is a right to bugell. Options that give the right to purchase a

commodity are commonly callells, and options that give the right to sell a commpdre calleguts.

% Options that can only be exercised at the expinatiate are called “European” while “American” @p can be
exercised at any date on or before the expiratéda.dn most cases exercising an American optiéorbehe
expiration date is irrational from the financialipoof view. Here we consider only European options

%" For options (but not for futures) “to write” meatis short”. For example, the expressions “writigall” and
“shorting a call” have the same meaning.
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Thus, there are four possible combinations: a trade be long a call, short a call, long a pustwrt a

put.

If the underlying price is currently equal to theke price the option is said to bethe-money. For a

call, if the underlying price is above (below) gteke price, the option is said to bethe-money (out-of-
the-money). For a put, if the underlying price is above vl the strike price, the option is said todut-
of-the-money (in-the-money). Theintrinsic value of an option is its value in case it is immedigtel
exercised. Thus, the intrinsic value of a calhis dlifference between the underlying price andsttike
price and the intrinsic value of a put is minug tpgantity. Out-of-the money options have zeroimsic
value. An option should only be exercised if it pasitive intrinsic value at the expiration dategttis, if

it is in-the-mone§f. Thetime value of an option is the difference between its premand its intrinsic
value. Options that are very much out-of-the moaieg are close to expiration have small time vafue a
they are unlikely to be exercised. Since theilimsic value is zero these options are almost westhl
From put-call parity (see below), this implies tl&ue of very much in-the-money options will besgo
to the underlying price. The losses on long putadk option positions are bounded by the option
premium: the worst-case scenario is the optioriserercised and expires worthless. The lossetiom s
put positions are also bounded since the underlyiitg cannot fall below zero. Losses on short call

positions are potentially unbounded.

Options-based hedging strategies have one signifiiaadvantage when compared to futures-based
strategies: lack of availability or liquidity ofhg-dated contracts. The popular perception thadopgt
strategies are costlier than futures strategiaestisupported by finance theory: the initial outiahould
be, on average, eventually recovered and the esgpeeiué® of both futures and options trades is zero.
On the other hand, options-based strategies haeeadedvantages over futures-based strategies. The
country has much greater flexibility in shapinghtdging program. Trade-offs involving initial cak
(the net amount spent on premiums), maximum dovenaitl upside, and exposure to margin calls
become available to be exploited. A cash-rich agueculd purchase a string of at-the-money puts on
different expiration dates, never face any margiitsand keep a huge upside. A country that fauéali
cash constraints could go short risk reversalsifsémv) and thus accept some limited upside and
downside risk and some exposure to margin callszaying the out-of-the-moneyness of puts and calls
the country could shape its downside and upsidelftwerisk exposures as well as its cash flow

uncertainty.

2 \We are abstracting from dividends, storage codtaher complicating issues.
29 Using the risk-free probability distribution.
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Only the counterpart that is long the option isasex to credit risk, so there is no reason it shpokt
collateral (margin). This characteristic sharplgtiiguishes long option positions, regardless aftivbr
the option is a call or a put, from futures positipa long position held to maturity only generaiash
flows at the trade and expiration dates. Also, ftbmpoint of view of the option buyer, credit risk
long exchange-traded options positions (that &srigk that the exchange might not honor the tifthe
option is exercised) is usually disregarded. Orother hand, the counterpart that is short theoops
usually (and certainly if the option is traded atexchange) required to post collateral (margirg in

similar fashion to a futures trader.

Put-call parity (Put — Call = Forward) is a simfdemula relating options to forward contracts, whare,
from the abstract finance point of view, approxietaequivalent to futures. Thus, for example, alon
call position can be synthesized by going longresiand buying a put and a long futures positionbza
replicated by purchasing a call and selling a pots, put-call parity implies that anything thahdze
accomplished with futures can also be accomplistifdoptions. An arbitrage argument justifies the-p
call parity relation. One can lock the purchasegp of a commodity on a future date T in two
alternative ways: a) enter a forward contract witice p expiring at T, and b) purchasing a call and
writing a put both with strike price p expiring®tBoth strategies should have the same cost, whiith

be zero if p equals the market forward price atdraception.

The Black-Scholes formula, valid under ideal cand#, is a relation between the underlying prite, i
volatility, the strike price, the time to maturityae interest rate, and the option premium of agpwall
option. Given knowledge of the values of five aégk six variables the formula can be used to atleul
the value of the remaining variable. The Black-3etdormula is widely used by options traders, most
frequently to calculate thenplied volatility of the option, which is the volatility level thiastcompatible

with the current values of the other variables #rder the formula.

Theoption premiumis the amount paid for the option. Unlike margepdsits which are just a transfer of
an asset (cash) between accounts (from a bank sicitoa margin account) the option premium is
usually considered a real cost that will not beveted regardless of the time path of the option
premium. While entering a futures contract is lesst, the associated bet also has zero expecteel val
One has to pay the option premium to obtain optexposure but the expected value of that exposure
should be equal to the premium paid. In this sethgeoptions trade, as a whole, also has zero eeghec

value.
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One-period analysis

In order to better understand hedging with optievesfirst look at a one-period framework. For long
option positions this is actually all that is negéd@ce cash flows only take place at the trade and
expiration dates. Time 0 is the beginning and timgthe end. All of the country’s oil will be eatted
during the period and sold at time 1. Hedging idartaken at time 0 and delivery takes place at fimé&
plain-vanilla strategy is one in which only onetloé four types of options positions is enteredhwsit

single strike price.

The country can hedge itself using in-the-moneyhatmoney, or out-of-the money options. The most
important risk for the country is a drop in oilgei The country can hedge this risk either by pasoig
puts or selling calls on oil. Selling calls is mi@sirable or feasible in practice for several reasbirst,
the country would have to post margin and be stubpemargin calls. Further, its gains from hedging
would be bounded by the option premium. If thepoite drops sharply the hedge revenues would be
insufficient to compensate the country for the ésss#\ccordingly, we restrict our analysis to pusdxh
hedges. Put-call parity implies that in-the-monagspare approximated by short futures positionschvh

were already analyzed. We therefore restrict tladyais to at-the-money and in-the-money options.

Let 77 be the option premium at time t. At time O dmintry purchases puts to hedge its oil production

g, at a cost of, =71, . At time 1 the country’s revenud b

R = pg+max@s-p;,0p= maxp, s 9 (23)

Here s is the option strike price. The left-hand silequation (23) shows the revenues from selleg t
oil on the spot market and also selling the op#ib(or just before) expiration for its intrinsiclua. The
right-hand side shows that the same revenues cahthaed by choosing one of two alternativeshé t
oil price is above the strike price at time 1 tbhemtry lets the option expire and sells its oiltbe spot

market, otherwise it exercises the option and delilie oil to the option counterpart.

From equation (23), the country’s revenues at tinagee uncertain but bounded from below by the
product of the strike price and the period’s oifput. Uncertainty is therefore reduced. If the hiadg

instrument was at-the-money at time O the coustguiaranteed to sell its oil output at a pricesast
equal to the spot pridg, . The country would onlyén&an upside.” If the acquired puts were out-of-the

money at the trade date the country keeps the egsidil prices go up) and has limited downsidénié
oil price goes down. In either case there is amasgtry that is valuable from the country’s point of

view. The price paid for this valuable asymmetrihis option premium.
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Risk reversals

The cost of the acquired puts could be reducedvigggup some of the potential upside from high oil
price scenarios. In order to better understand sumh a strategy would work we introduce the cohcep

of risk reversals,

Put-call parity shows that a long futures posii®approximately equivalent to an options portfolio
composed by a long call position and a short paitjpm. The options should have the same strikeepri
(not necessarily equal to the futures or the spoepand also should have the same expirationakatbe
futures contract. If both options are at-the-mofand therefore borderline out-of-the-money) such an
options portfolio is a specific example ofiak reversal, which is an options portfolio combining a long
out-of-the-money call position and a short outttd-toney put position. The futures hedges discussed
Section0 are therefore approximately equivalent to shek reversal positions in which both options

positions are exactly at-the-money.

Futures positions have zero value at inceptiontheadame should be true of risk reversals thaicapl
futures positions. If the strike prices of the potl call options in a risk reversal are equidisteorh the
current pric& of the underlying then the risk reversion shous dave approximately zero net cost. For
the short risk reversal position established bgramodity hedger this means the revenue from selling
calls would be approximately equal to the expemditan putd’. Although options traders frequently
restrict themselves to (approximately) zero cast reversals there is no reason an oil producingicg
seeking to hedge its oil revenues should follows firactice. Nevertheless it is a useful casdustihte

the tradeoffs that a country would need to makerder to self-insure against losses from a sharp

decrease in oil prices.

%0 some definitions of risk reversals require thisidigtance condition, which is satisfied in the dentine case in
which both options are at-the-money. In practide @lmost impossible to establish risk reversaldeu this strict
definition using exchange traded options, whichehainite menu of strike prices. Our definitiomi®re general as
it allows any pair of out-of-the-money strike pigce

3L Vol atility skewness would make the puts more expensive than the iltee we allow non-equidistant strike
prices and trades with net cost significantly difet from zero we do not dwell on this technicalis.



