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I. THE NATURAL GAS SECTOR AND DUTCH DISEASE'
A. Introduction

1. During the past decade, Bolivia has experienced major increases in its gas
reserves, production, and exports. Following the privatization of the Bolivian state oil
company (YPFB) and the establishment of new incentives for investment in 1996, there was
an increase in investment in the sector, which resulted in a large discovery of natural gas
resources and increases in gas production. In recent years, this process has been followed by
a rise in world energy prices of natural gas, as well as, more recently, by a sharp increase in
the government’s tax take from the hydrocarbons sector. This combination of factors has
transformed the Bolivian natural gas sector, so that it now constitutes not only the main
component of country’s exports (43 percent of total exports in 2006) but also is a large
source of revenues for the government (about 27 percent of total revenues in 2006).

2. These developments raise the possibility of a new case of “Dutch disease.” After all,
the term Dutch disease originated with another case of natural gas discovery and its
subsequent adverse effects on some sectors of the Dutch economy.” This chapter examines
the transmission channels of Dutch disease in Bolivia, as well as its main symptom, the
appreciation of the real exchange rate. Following the literature (e.g., Corden and Neary
1982), Dutch disease usually spreads via two main channels: the resource movement effect
and the spending effect. The resource movement effect is associated with the reallocation of
factors from different sectors of the economy (e.g., manufactures) to the natural
resources/export boom sector. The spending effect is associated with the impact on the
economy of the booming sector’s extra income. Both effects, directly or indirectly, tend to
imply a real exchange rate appreciation.

3.  The evidence suggests that Bolivia has not yet exhibited important Dutch disease
signs, but does point out that some real exchange rate appreciation pressures could
already be present. The real exchange rate has remained relatively stable in recent years,
and hence, this primary symptom of Dutch disease is not fully present yet. The capital
intensive characteristics of the gas industry, together with the important capital outflows in
2004 and 2005, and the recent sizable fiscal surplus, are some of the factors that help explain
the lack of appreciation of the real exchange rate. Nevertheless, the recent increases of both
headline and core inflation due to nontradable price increases, and the record levels of net
international reserves (NIR) are evidence of real exchange rate appreciation pressures.

! Prepared by Eugenio Cerutti.

? The first printed reference in the literature to the term is in the article “The Dutch disease” in The Economist,
November 26, 1977. This appellation refers to the adverse effect on manufacturing of the real exchange rate
appreciation resulting from the 1960s natural gas discoveries in the Netherlands.



Moreover, an analysis of the equilibrium exchange rate suggests that the real exchange rate
may now be below its estimated equilibrium real exchange rate level.

4.  This chapter is structured as follow. Section B presents a brief description of the
natural gas boom; section C discusses Dutch disease transmission channels in the Bolivia
context; section D assesses the equilibrium real exchange rate level and its determinants; and
section E presents some concluding remarks and policy implications. The appendix contains
a description of the criteria and the robustness test performed in the estimation of the
equilibrium real exchange rate.

B. Bolivia’s Booming Natural Gas Sector

5. While Bolivia’s natural gas sector began production and exports three decades
ago, there have been remarkable changes in the sector since the mid-1990s. Not only the
level of gas reserves, production, and exports has increased significantly, but there have been
extensive regulatory changes, which range from the privatization of the mid-1990s to the
recent increase in the government’s tax take from the hydrocarbons industry.3 These changes,
together with the recent increase in international gas prices have increased the economic role
of the gas industry in Bolivia.

6.  The size of the increases in gas reserves, production and exports are consistent
with a booming sector. The level of gas reserves increased by 350 percent from 2000 to
2005 (see Table 1). These major gas discoveries catapulted Bolivia to the second country in
Latin America, in terms of gas reserves, after Venezuela, but with the additional benefit that
Bolivia is closer geographically to the two biggest natural gas consumption centers in South
America (Brazil and Argentina). From 2000 to 2006, gas production rose dramatically

(380 percent) and even more so the volume of sales to the external market (820 percent). As
a consequence, and helped by the increase in gas prices, gas exports increased by

4,600 percent in the same period, and they are now the main component of Bolivia’s total
exports (43 percent in 2006), representing 15 percent of GDP.

7.  These important expansions in production and exports were mainly the result of
the high level of investment in gas exploration and exploitation in the late 1990s after a
series of important regulatory changes in the hydrocarbons sector. Bolivia privatized
most units of the state oil company (YPFB) and established new incentives for investment in
1996 (e.g., lower royalties on new gas fields, taxes on profits but with high investment
depreciation schemes, repatriation of profit guarantees, acceptance of international
arbitration). These changes, together with the need to satisfy the gas demand of Brazil in the
late 1990s, propelled such a transformation of the sector.

? See chapter II of the Bolivia Selected Issues, IMF, Country Report No. 06/273.



Table 1. Gas Sector Developments

Increase in the

1999 2000 2001 2002 2003 2004 2005 2006 period 2000-2006

Natural Gas Reserves (Trillions of cubic feet) 14.1 49.8 70.0 77.2 79.1 76.4 63.9 n.a. 355% 1/
Total Gas Production (Billions of cubic feet) 92 127 186 227 261 362 443 n.a. 380% 1/
Gas Export Volumes (Billions of cubic feet) 43 75 137 173 191 297 368 395 821%
Gas Export Prices (US$ per 1,000 cubic feet 0.8 1.6 1.7 15 2.0 2.1 2.7 4.2 408%
Total Gas Exports (Millions of US$) 36 122 234 266 381 620 1086 1672 4584%

Gas Exports as % of Total Exports 3.4 9.8 18.2 20.4 23.9 28.9 38.9 43.3 --

Gas Exports as % of GDP 0.4 1.5 2.9 3.4 4.7 7.0 11.5 14.9 --

1/ Since there are not available data for 2006 gas reserves and production, the estimations are for the period 2000-05. At end-2005
Bolivia's proven natural gas reserves represented 10 percent of those of Latin America.

8.  Looking ahead implementation of the new gas export agreement with Argentina
could increase exports further. The current government has reached new agreements with
foreign oil companies that will allow foreign companies to continue recovering part of their
old investments, and they also provide the scope for incentives to new investments in the
sector. The latter is essential to fulfill the recent long-term agreement on increased gas
exports to Argentina in the coming years. This context suggests that Bolivia not only has
experienced a gas export boom but also that the full magnitude of such a boom may not yet
have fully materialized. The new contract with Argentina alone would, if its targets were
fully achieved, correspond to a 65 percent increase in the volume of gas exports over the next
five years.

C. Dutch Disease Risks

9.  While Bolivia has already seen many benefits from its higher gas exports,
experience elsewhere shows that effective management of natural resource wealth is key
to spread the benefits more widely, contributing to improve living standards and
increase potential growth. On the positive side, for example, Bolivia has reached record
high NIR levels (Figure 1) in the context of a sharp turnaround in the external current
account balance, from a 5 percent deficit in 2000 to an almost 12 percent surplus in 2006.
Additionally, the gas sector has become one of the important sources of GDP growth.
However, as discussed below, the new resources could also limit the development of other
economic sectors in terms of output and factor income.



Figure 1. Bolivia: Macroeconomic Impact of the Gas Sector Boom
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Resource movement effect

10. The economic literature identifies the ‘resource movement effect’ as the
reallocation of factors from different sectors of the economy (e.g., manufactures or
other lagging sectors) to the natural resources export boom sector.” The resource
movement effect is due to the increase of the marginal factor remunerations in the export
boom sector. For example, if labor is mobile across production sectors, higher wages would
cause a movement of labor to the export booming sector, lowering the output of the lagging
sector. > This resource reallocation is usually called ‘direct de-industrialization’ since it does
not involve appreciation of the exchange rate. However, resource reallocation can also lead
to an increase in the real exchange rate as a second round effect. The relative loss of
production factors in the nontradable sector would result, ex ante, in excess demand for
nontradables, causing an increase in the prices of nontradables and in the real exchange rate,
since the price of tradables is exogenously determined in the international markets. If more
than one factor is mobile across sectors, the sign of the resource allocation effect is not clear,
and it could even theoretically cause a real exchange rate depreciation (e.g., the Paradox
model described by Corden and Neary 1982).

11. As is the case in most energy producers, the reallocation effect is not significant in
Bolivia since the gas sector does not compete for factors with the rest of the economy.
Not only does Bolivia’s hydrocarbon sector employ only around 0.04 percent of total

* Seminal papers on this topic are Corden and Neary (1982), Corden (1984), and Sachs, J.,and A.
Warner (1995). limi (2006) and Sala-i-Martin and Subramanian (2003) provide recent country studies.

> In the case of Bolivia, the lagging sector can be producing both importables (e.g., agricultural sector) and/or
non-boom exportables, not necessarily a manufacturing industry.



employment (this has not varied much since the late 1990s), but also capital movement
between sectors seem to be insignificant, as the capital used in the gas industry is sector-
specific and financed by FDI. In other words, there is no mobility of factors between the gas
sector and the rest of the economy. In the Dutch disease literature, a sector with these
characteristics is usually denominated as an “enclave” sector, as in the case of oil sectors
(Corden 1984).

Spending effect

12.  The spending effect relates to the appreciation of the real exchange rate as a result
of the spending of some part of the booming sector’s extra income in nontradables. The
spending can be performed directly by the owners of the factors of production or indirectly
by the government through tax collection. The identification of the sector which carries out
most of the spending is essential to determining the strength of the spending effect. The
propensity to consume nontradable goods and services is usually higher in the case of the
government. In general, the spending effect entails an unambiguous exchange rate
appreciation, and the size of this appreciation is a function of the amount of extra resources
spent in the nontradable sector.

13.  Even though gas export receipts have increased and their distribution has changed
towards the government, the size of the spending effect so far in Bolivia is not clear,
because of the emergence of a large fiscal surplus. Following the May 2005 Hydrocarbons
law and a related decree in May 2006, the participation of the government in external gas
receipts increased to about 60 percent of total receipts in 2006. However, the fiscal position
shifted, over this period, from an overall deficit of 9 percent of GDP in 2002 to a surplus of
4% percent of GDP in 2006—or from a non-hydrocarbons deficit of 11 percent of GDP to a
deficit of 6'% percent of GDP over the same period (Figure 2). Moreover, even though total
public spending increased about 7 percent in real terms, driven by capital expenditure
increases, current expenditure decreased by 6 percent in real adjusted terms.



Figure 2: Gas Export Receipts and the Fiscal Accounts
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Evolution of the real exchange rate

14. The CPI-based real effective exchange rate (REER) has not appreciated in recent
years. ® It displayed a downward trend from 2000 to mid-2005, and a flat trend over the last
two years (Figure 3). Changes in the REER have been mostly associated with changes in the
nominal effective exchange rate as the inflation rate in Bolivia has been in the single digits
since 1997, and very similar to the weighted average inflation of its trading partners. The
bilateral real exchange rate with the U.S. dollar exhibited similar behavior during the sample
period.

15. While the behavior of the real exchange rate might seem puzzling given the gas
export boom, it seems consistent with the above-described Dutch disease transmission
channels. The depreciating trend through 2005 stemmed from still low prices of gas and
share of government in gas export receipts, the very capital intensive nature of the gas sector,
as well as from large net capital outflows (due to capital outflows related to the political
crises in that period and depressed FDI). These factors seem to have been strong enough to
more than offset the real exchange rate appreciation pressures from the increase in gas export
volumes. In 2006, there was a reduction in capital outflows but this was partially offset by
the large increase in public savings—more than half of the increase in international reserves
was sterilized by an increase in government deposits. The fact that the government saved
most of the extra resources from the gas sector meant that the spending effect was not set in
motion.

% See appendix A for a more detail description of the real effective exchange rate used in this note.
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Figure 3: Real and Nominal Exchange Rate
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16. Nonetheless, there have been some signals of appreciation pressures in Bolivia in
the more recent period. Although the nominal appreciation of the exchange rate has been
relatively small, the change of the direction of the crawling peg reflects appreciation
pressures. Moreover, the trend in both headline and core inflation has shifted upwards since
mid-2006, with inflation of nontradables driving the change (Figure 4).

Figure 4: Quarterly Inflation in Bolivia during the Period 2000q1-2007q1

Headline and Core Inflation
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D. Equilibrium Real Exchange Rate

17. An analysis of the equilibrium exchange rate and its determinants facilitates a
better understanding of the absence thus far of significant real appreciation. This is
especially relevant for the more recent period since limited exchange rate flexibility under
the crawling peg regime could be masking appreciation pressures. Drawing on the recent



11

literature, in which co-integration techniques are used to identify persistent patterns of co-
movements among the equilibrium exchange rate and its determinants, this section estimates
a time-varying equilibrium real exchange rate by estimating a vector error correction (VEC)
model, through Johansen’s (1995) maximum likelihood estimator. The advantage of this
procedure is not only that it enables study of the determinants but also that it offers the
possibility of measuring the equilibrium real exchange rate level and of quantifying the gap
between equilibrium real exchange rate and the prevailing REER.’

Determinants of the equilibrium real exchange rate

18. Based on the main REER determinants identified in the literature for developing
countries, specific variables have been selected as factors that are likely to be significant
for Bolivia’s real exchange rate. These are terms of trade movements, productivity
differentials vis-a-vis trading-partner countries, the size of the fiscal balance, and net capital
inflows.®

o Terms of trade. An improvement in the terms of trade tends to require an
appreciation of the REER in order to compensate for the positive impact on the
external accounts. For example, the recent increase in commodity prices tends to raise
the disposable income in Bolivia’s natural resource sectors and to increase the
government’s resource envelope, both of which would put pressure on the relative
prices of nontradable goods, thus offsetting the initial positive terms of trade shock.

e Productivity. An increase in productivity in the tradable sector vis-a-vis its trading
partners would appreciate the REER through the well-known Balassa-Samuelson
effect. The higher wages in the tradable sector due to the higher productivity would
put upward pressure on wages in the nontradable sector, resulting—in the absence of
nominal exchange rate adjustments—in an increase in the CPI relative to its partners.
Given the lack of data on productivity for Bolivia and some of its main trading
partners, the relative GDP per capita is used as a proxy for the Balassa-Samuelson
effect.

7 See Hinkle and Montiel (1999) for a description of the possible determinants of the equilibrium real exchange
rate. A similar VEC procedure has been applied to a number of countries, including South Africa (MacDonald
and Ricci 2003), Malawi (Mathisen 2003), Algeria (Koranchelian 2005), Venezuela (Zalzuendo 2006), Jordan
(Saadi-Sedik and Petri 2006), and Brazil (Paiva 2006).

¥ A measure of trade openness (defined as ratio of imports plus exports over GDP) was initially included but
then dropped because the increase in export and imports in recent years in Bolivia was not necessarily
associated with more competition in the tradable sector. The exclusion of this variable does not affect the results
presented in this chapter.
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o Fiscal balance. The effect of this variable on the REER is ambiguous. On the one
hand, an improvement in the fiscal balance would normally be accompanied by a
smaller decline in private savings, reducing total domestic demand and hence
increasing overall national savings. Hence, the REER would tend to depreciate since
part of the decrease in domestic demand would be for nontradable goods. On the
other hand, an improvement in the fiscal balance could imply an appreciation of the
REER if the tightening of fiscal policy had a medium-term expansionary impact—for
example, higher private investment in response to the policy credibility gain.’

e Capital inflows. Capital inflows could lead to a REER appreciation through their
effect on the nontradable sector, and are approximated in this analysis by net FDI
flows. Net FDI is a very important variable in Bolivia, and has ranged from
12 percent of GDP in 1999 to negative 3 percent of GDP in 2005, when a large
proportion of the gas export profits was repatriated by foreign companies. The
expected relationship is positive—an increase in net FDI would lead to appreciation
pressures.

o Net foreign assets. The literature usually also calls for including net foreign assets in
order to capture another dimension of capital flows. Economies with high levels of
net foreign assets could temporally sustain a more appreciated REER because they
can finance the associated trade deficits. Conversely, debtor countries might need
more depreciated exchange rates in order to generate trade surpluses needed to
service external liabilities. Here, the net foreign asset position of the economy is

proxied by the net foreign assets of the banking system (i.e., including the central
bank).

Econometric approach

19. Johansen (1995)’s maximum likelihood estimation procedure is used to identify
the characteristics of the potential long run relationship between the REER and the
variables discussed above. The Johansen methodology, which corrects for autocorrelation
and endogeneity parametrically, can be represented in the following VEC form:

p-1
Ax, =n+ ZCDiAx,_i +aff x, | +¢&,
i=1
where 77 is a vector of deterministic variables, ¢ is a vector of white noise disturbances,
S x,_, summarizes the long-run relationships, and & and ® include the short-tem

movements.

? Mathisen (2003) finds this later effect significant for the case of Malawi.



13

20. Figure 5 shows the evolution of the variables under consideration, which are
nonstationary in levels but stationary in first differences. The REER, terms of trade and
productivity are introduced in logs, the remaining variables as percentage of GDP. The
definition of the variables can be found in Appendix A, together with the Augmented
Dickey-Fuller unit tests that suggest that the series are I(1), a necessary condition for
applying a VEC model.

Estimation results

21. The estimated variables have the expected sign and there is evidence of
cointegration between the REER and its determinants (Table 2). Given the standard
normalization of the real exchange rate coefficient to one, a negative coefficient implies that
an increase in the explanatory variable results in an appreciation of the equilibrium real
exchange rate. The coefficients of the cointegrating vector (long-run relationship) have the
expected sign, and in most cases, they are significant across models with the exception of
two variables—productivity and banking system net foreign assets. Although these two
variables are significant in model 1, their significance and stability is not uniform across
models.'” With the exception of models 1 and 2, both the trace test and the maximum
eigenvalue test show evidence of at least one co-integration relationship at 1 percent level.
The models reported, especially model 4, showed satisfactory properties regarding the
normality and no-autocorrelation of the residuals, and the lag structure specification of the
model (set at 4 lags—see Appendix B). The results suggest that:

o A 1 percent increase in the terms of trade has an effect of about 1 percentage point
appreciation on the REER.

o A 1 percent increase in FDI as a percentage of GDP has an effect of a 2 percent
appreciation on the REER

o A 1 percent increase in the Fiscal Balance as a proportion of GDP has a 1 percent
depreciation on the REER.

' Moreover, although the productivity variable has the correct sign, the value of this coefficient is too high in
model 1. Theoretically, Balassa Samuelson effect should be around the share of nontradables in the GDP. See
MacDonal and Ricci (2003).
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Figure 5: REER and Its Determinants 1/

4.70 4.7

465 4.6+

HP(REER) 45

4.60

4.4

4.55 Term of Trade

4.3 /
4.50
4.2
445 41 T
HP(Term of Trade)
4.40 UM A AN RN RN RS LA AR RS RS LA RN RARN REANRELE RELN RAJ 4.0 I R B S o L L R R B A e
90:1 92:1 94:1 96:1 98:1 00:1 02:1 04:1 06:1 90:1 92:1 94:1 96:1 98:1 00:1 02:1 04:1 06:1
20 12
15 8
Fiscal Balance
104 4
HP(FDI) \ HP(Fiscal Balance)
5] N 04
b
FDI \
04 -4
5 -8
-10 LR AN LARSRALN LRAN AN REAN RS RN LN RRAN RSN RALE RERNRARE REAS BA -12 LR R R A R L L RN RS AR RS RARS RN RN R
90:1 92:1 9411 96:1 98:1 00:1 02:1 04:1 06:1 90:1 92:1 94:1 96:1 98:1 00:1 02:1 04:1 06:1
.02 70
00 60+
Productivity 50
-.024
J 40
-.04 4 30
20 HP(Banking
-06 ] System NFA)
104
-08 \
.. 0
-10 HP(Productivity) 10 Banking System NFA
_12 T T T T T T T T T T T T T T T T _20 T T T T T T T T T T T T T T T T
90:1 9211 94:1 96:1 98:1 00:1 02:1 04:1 06:1 90:1 92:1 94:1 96:1 98:1 00:1 02:1 04:1 06:1

Note: HP() refers to the HP filter of the variable with lambda=1600

22. The sign of the fiscal balance variable captures well the impact of higher gas
exports receipts on the fiscal position in Bolivia, and it is consistent with the Dutch
disease spending effect. An improved fiscal balance contributes to the sterilization of the
foreign currency receipts, thereby reducing real exchange appreciating pressures.
Additionally, the sign of fiscal balances shows that a reduction of the current fiscal surplus
arising from an increase in government expenditure would likely tend to appreciate the real
exchange rate.
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Table 2 - Bolivia: Estimation Results

Model (1) Model (2) Model (3) Model (4)
Number of Cointegrating vectors

Trace Statistic

5% significance level 1 1 2 4

1% significance level 1 1 1 2
Maximum eigenvalue statistic

5% significance level 1 1 1 1

1% significance level 0 0 1 1

Estimates of the cointegrating relationship 1/ 2/

Log REER 1 1 1 1
Log terms of trade -0.662 -0.864 -1.033 -1.101
[-3.43] *** [-5.94] *** [-4.80] *** [-6.75] ***
Net FDI -0.017 -0.018 -0.021 -0.024
[-4.31] *** [-4.36] *** [-4.29] *** [-5.13] ***
Fiscal Balances 0.010 0.014 0.017 0.010
[ 1.06] [2.26] ** [2.70] *** [1.67] **
Banking sector NFA -0.002 0.000
[-1.42] * [0.33]
Log Productivity -2.245 -0.676
[-1.87] ** [-0.88]
Constant -1.725 -0.776 -0.062 0.244
Estimates of the speed of adjustment of the real exchange rate
CointEq1 0.069 -0.056 0.040 -0.034
[0.91] [-0.72] [0.75] [-0.63]

1/ T-stats between brackets. ***, **, and * denote significance at the 1 percent level, 5 percent
level, and 10 percent level respectively.

2/ A negative coefficient implies that an increase in the explanatory variable results in an
appreciation of the equilibrium real exchange rate.

23. The estimated long-run relationship between the REER and its determinants
allows an estimation of the equilibrium real exchange rate. Ideally, this estimation should
be defined as the level of REER that is consistent, in the long-run, with the equilibrium
values of its determinants. Since it is not possible to know the equilibrium values of each
determinant, the literature usually reports the estimated equilibrium exchange rate using
series of each unmodified variable and their smoothed series (e.g. using the standard Hodrick
and Prescott filter with lambda=1600—see Figure 5). The HP smoothed series variables are a
proxy for the long—run equilibrium values of these variables since the filter eliminates short-
term fluctuations. Using Model 4 estimations, Figures 6 and 7 show the estimated
equilibrium real exchange rate and the gap with the REER, respectively. The REER and the
equilibrium real exchange rate seems to be close to each other most of the time, except in the
beginning of the 1990s, when the higher terms of trade seem to have played a significant
role.
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Figure 6: REER and Equilibrium REER
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24. For period 200005, the analysis suggests that the negative trend in the REER was
an equilibrium phenomenon. The evolution of the determinants, especially the negative

trend in net FDI during the period 2000-05, seems to explain the negative trend in the
equilibrium real exchange rate.

25. For the more recent period, there is evidence of a change in the trend of the
equilibrium real exchange rate, with the result that the real exchange rate may now be
below its estimated equilibrium level. Specifically while the gap between the REER and its
smoothed estimated equilibrium level indicates a 6 overvaluation as of December 2006, the
gap between the REER and its non-smoothed estimated equilibrium level is about 26 percent.
However, the estimated deviation from the non-smoothed series may well be overestimated
given its volatility. At the same time, comparison with the smoothed equilibrium level might
be underestimating the gap as recent trends are not fully captured by the HP series (e.g. the
recent changes in the trend of net FDI are not captured by the HP filter yet; see Figure 5)."'

' Although not statistically significant, the coefficient of the speed of adjustment in Model 4 suggests that the
adjustment is slow, about 50 percent of the deviation would be corrected in about 4 years.
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Figure 7: Gap between REER and Equilibrium REER 1/
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E. Concluding Remarks

26. The above analysis suggests while there is a surprising lack thus far of significant
Dutch disease symptoms, there are signs in the recent period that this could become an
important policy issue for Bolivia. The relative benign outcomes to date are related, first, to
the characteristics of the gas industry, which is very capital intensive, and hence neutralize
the resource allocation effect. Second, the spending effect did not play an important role
through 2005 due to the government’s then low share in gas sector profits, as well as to
important capital outflows (e.g. negative trend in net FDI). Finally, beginning in 2006,
appreciation pressures emerged bur were largely contained by the absence of significant
increases in government current expenditure and the shift into a large fiscal surplus.
However, the outlook poses challenges, and the analysis also points to policy elements that
would be key for keeping Dutch disease symptoms manageable. In particular, maintaining a

prudent fiscal policy, especially by containing the growth of current spending, will be
instrumental for avoiding intensified appreciating pressures.
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Appendix I—Data Set

The dataset consists of quarterly data from the first quarter of 1990 to the fourth quarter of
2006 for Bolivia and its main trading partners. The Bolivian main trading partners for the
period 1990-2005 and their average weight are the following:

Country ~ Weight Country  Weight
United State 21.6 Mexico 1.4
Brazil 17.2 Italy 1.4
Argentina 12.8 Sweden 1.3
Peru 6.6 Spain 1.2
Japan 6.2 Korea 1.0
Chile 5.5 France 0.9
Colombia 5.0 Canada 0.9
United Kingc 4.1 Ecuador 0.7
Germany 2.7 Uruguay 0.7
Venezuela 2.7 Netherland: 0.6
Switzerland 2.6 Belgium 0.6
China 1.7 Paraguay 0.5

Source: WITS trade dataset.
Variables

o Log REER: Logarithm of the Real Effective Exchange Rate. It is calculated using
the above weights and CPI and exchange rate data from INS.

o Log Terms of Trade: Logarithm of terms of trade. Source: INE.

o Log of Productivity: Logarithm of the Bolivian real GDP per capita relative to its 10
main trading partners. Source: INE and WEO. Each country GDP per capita is
normalized to 1 in 1990.

o Net FDI: Net FDI inflows and outflows as a proportion of GDP. Source IFS (lines
78BD and 78BE) and INE.

o Banking Sector Net Foreign Assets: Net Banking Sector foreign assets as a
proportion of GDP. Source IFS (line 31n) and INE.

o Fiscal Balances: Overall general government fiscal balances as a percentage of GDP.
Source UPF and INE.
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Appendix II—Robustness Procedures of the VEC Estimation

Table 1 shows the variables included in the analysis are I(1), a necessary condition for
applying a VEC model.

Table 1: Unit Root Test (Augmented Dickey-Fuller)

Levels First Difference

t-statistic 1/ Lag length 2/ t-statistic 1/ Lag length 2/
Log REER -1.48 0 -7.47 0
Log terms of trade -0.86 3 -7.55 0
Log Productivity -0.16 1 -13.84 0
Fiscal Balances -1.90 1 -11.49 0
Net FDI -1.63 2 -7.74 2
Banking Sector NFA -2.10 0 -7.41 0

1/ A constant and a linear time trend are included in the estimations. Test critical values
are: -4.1 at 1 percent level; -3.47 at 5 percent level; and -3.17 at 10 percent level.
2/ Automatic based on Schwarz information criterion (SIC) with at maximum of 10 lags.

Table 2 shows the normality test of the residuals of model 3 and 4. Model 4 accepts the
normality of the results. Instead, model 3 does not accept the normality of the residuals
because it does not pass the kurtosis test. However, based on Paruolo (1997), the Johansen
results are not affected when the normality test is rejected for rejecting kurtosis rather than
skewness. It is worthwhile to highlight that the hypothesis of autocorrelation in the residuals
is rejected at all plausible lags.

Table 2: VEC test for Skewness, Kurtosis, and Normality of the Residuals 1/2/

Model (3) Model (4)
Degr. Freedom Probability Degr. Freedom Probability
Skewness 5 0.95 4 0.51
Kurtosis 5 0.00 4 0.02
Normality 10 0.00 8 0.07

1/ Ho: residuals have no skewness, no-kurtosis, and no normal.

2/ Skewness and Kurtosis are based on joint -Chi-square test, Normality is based on joint
Jarque-Bera (Lutkepot orthogonalization).

Table 3 also indicates that all four lags are necessary in model 4 VECM specifications. The
lag structure appears to be correct if a fifth lag is introduced, the test accepts the hypothesis
that the additional lag is jointly insignificant across equations. Even though model 3 does not
show statistical evidence that four lags are enough, it has been estimated with four lags due
to the use of quarterly data and the short sample period available.
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Table 3. VEC Lag Exclusion Wald Test 1/ 2/

Model (3) Model (4)

Joint Joint Joint Joint
DLag 1 80.71 97.68 56.26 64.38
[0.00] [ 0.00] [ 0.00] [ 0.00]
DLag 2 54.13 83.46 34.92 48.36
[ 0.00] [ 0.00] [ 0.00] [ 0.00]
DLag 3 41.30 52.76 27.94 31.84
[0.00] [ 0.00] [0.03] [0.01]
DLag 4 36.54 67.54 33.97 40.36
[0.00] [ 0.00] [ 0.00] [0.00]
DLag 5 44.54 20.14
[ 0.00] [0.21]

df 25 25 16 16

1/ Ho: Lag's coefficients are jointly non-significantly
different from O (i.e. can be excluded) if probability value
is larger than chosen significance level.

2/ Numbers in brackets are probability values.
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II. TAX SYSTEM: STRUCTURE AND REFORM OPTIONS'
A. Introduction

1. In recent years Bolivia experienced a marked increase in revenue collection
mostly due to a large increase in hydrocarbon royalties. The favorable external
environment, reflected in a more than doubling in natural gas export prices, and a change in
the tax take, which more than doubled the level of royalties, are the main factors underlying
an increase in hydrocarbon royalties by about 8 percentage points of GDP in the period
2003-06.% Revenues from regular taxation® also increased in the same period, by about

4 percentage points of GDP, reflecting higher growth, improved corporate income tax
collections from the hydrocarbons sector, the impact of tax administration reforms, and
improvements in taxpayer compliance. These revenue developments, coupled with slow
growth of spending, resulted in a large shift in the overall fiscal balance—from a deficit of
about 8 percent of GDP in 2003 to a surplus of about 5 percent of GDP in 2006.

2. The drastic change in the fiscal situation provides a good opportunity to review
the tax system with a focus on strengthening its capacity to collect revenues efficiently
and equitably. In the period 2001-04, the high fiscal deficits were driven by large increases
in spending related to social tensions, which were not accompanied by increases in revenue.
The concerns created by the high deficit and the difficulties in adjusting spending, led to the
adoption of stop-gap tax policy measures (such as the introduction of a financial transactions
tax), with a clear loss in terms of efficiency and equity. The strengthening in the fiscal
position provides a chance to analyze the tax system with a focus on these two key
dimensions, and to consider reform options.

3. This chapter reviews the main elements of Bolivia’s tax system and discusses
options to improve its efficiency and equity. It focuses on the main national taxes® and
special regimes and is divided in four sections. Section B describes the main groups of taxes
forming the Bolivian tax system, recent developments in the level and composition of
revenues and recent modifications to the system. Section C discusses main issues related to
each group of taxes and special regimes. Section D discusses reform options.

! Prepared by Alejandro Simone.

? Royalties were increased in 2005, from 18 percent to 50 percent of the production value. An additional
temporary royalty of 32 percent on the production of the two largest gas fields for the national oil company
YPFB was established in the May 2006 nationalization decree, and lasted until April 2007.

3 Revenues from regular taxation exclude royalties and revenue from tax amnesties.

* The paper does not cover issues related to trade taxes, sub national taxation and the sector-specific
hydrocarbon and mining taxation regimes.
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B. Tax System: Structure and Recent Developments®

4. Bolivia has a relatively simple tax system, based mainly on consumption taxes
(Table 1). These include the value added tax (VAT), a transactions tax (IT), a financial
transactions tax (ITF), and two types of excise taxes—excise taxes on beverages, tobacco,
and vehicles (ICE); and excise taxes on hydrocarbons and its derivative products (IEHD).
Revenue from these taxes averaged about 11 percent of GDP, and represented on average
about 57 percent of tax revenue’ in the period 2001-06.

S. In recent years the composition of tax revenue has been changing and the
importance of royalties has increased sharply. In addition to the large increases in prices
of gas and tax take from hydrocarbons, mining royalties have also boomed due to high
international prices. Since 2003, the share of royalties in tax revenue has more than doubled,
reaching 37" percent in 2006. Similarly, the overall contribution of the hydrocarbon sector
to tax revenue (which includes corporate income tax payments by the sector) has risen by
about 20 percentage points, to over 50 percent in 20006.

6. The other main components of the tax system include taxes on income and
profit, custom duties, subnational property taxes, and special regimes for small
taxpayers and for certain regions. While Bolivia does not have a personal income tax, it
has RC-IVA, a tax mostly on wages and interest income whose revenue, has been gradually
declining, and a corporate income tax (IUE), which, in contrast, has been showing some
improvement in collections. Regarding special regimes, these apply to small taxpayers in
trade (RTS), transport (RTI), and agriculture (RAU), whose revenues have been negligible.
The special regimes for regions include free trade zones and a set of special tax exemptions.

7. Following the adoption of the current tax code in 2003, and the introduction of a
financial transactions tax in 2004, the changes in the tax system were mainly in
hydrocarbons, with only modest changes in other areas. In 2005, a new direct tax on
hydrocarbons (IDH) was introduced, implying a de facto increase in the royalty level, from
18 percent to 50 percent. Also, [IEHD excises on diesel and gasoline were increased. In 2006,
there was a reduction in the rate of the financial transactions tax, from 0.25 percent to

0.15 percent, along with a narrowing of the definition of its base to cover only transactions in
foreign currency. In addition, passenger transportation services between regional
departments were moved from the RTI special regime into the regular regime.

> Appendix I provides a more detailed description of the Bolivian tax system.

6 Unless indicated otherwise, “tax revenue” refers to the total tax revenue of the general government.
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C. Key Tax Policy Issues

8. This section discusses issues that should be addressed concerning the three main
groups of taxes covered in this chapter. The first part discusses issues with taxes on
income and profits, the second part discusses issues regarding taxes on goods and services,
and the third part discusses issues related to the special regimes for small taxpayers and the
special regimes for certain regions.

Taxes on profit and income

9. The complementary tax to VAT (RC-IVA). The RC-IVA was designed to strengthen
control over sales of retailers to the final consumers. However, the presentation of fraudulent
invoices or sale of invoices from taxpayers with excess credits in a secondary market, have
become difficult and administratively costly to control. This has resulted in a continued
decline in revenue. Moreover, the associated liability is an increasing function of savings,
which provides an incentive to increase consumption. More fundamentally, the RC-IVA is
effectively a narrow base version of a personal income tax. The tax base is made up of only a
few types of income and given the problem with invoices, most of the collections come from
interest withholding (which is final) and concentrates the burden on taxpayers with this type
of income. In addition, it does not provide the kind of progressivity to the tax system that a
more general personal income tax with a progressive rate schedule would.

10. The corporate income tax (IUE). While the tax base of the IUE has grown with
respect to previous estimations, there is evidence that it remains significantly below its
potential. Table 2 compares the share of revenues obtained from a sector in total [UE
collections with its share in GDP and computes implicit IUE tax bases for each sector and for
IUE as a whole. The share of certain sectors (e.g. agriculture and hotels/restaurants) in total
IUE collections is well below their share in GDP. Moreover, the implied IUE tax base is only
about 11 percent of the GDP generated in the different sectors while the statutory corporate
income tax rate is 25 percent. The relatively small size of the tax base relative to its potential
is likely to be related to several mechanisms of tax avoidance that are not adequately
addressed in the legislation. These include, among others: (a) transfer pricing: subsidiaries
selling their output at artificially low prices to shift their profits to a country with lower tax
burden (b) thin capitalization (companies have artificial incentives to borrow either from
banks or related companies to inflate the interest bill that is tax deductible); (c) exemptions,
such as for companies operating in certain free trade zones, and for capital gains from assets
registered in the stock market; and (d) generous loss carry over provisions. In addition, the
fact that only profits generated in Bolivia are part of the tax base reduces incentives for
domestic investment.
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Taxes on goods and services

11. The transactions tax (IT). In its current form, the IT is acting as a de facto minimum
profit tax and is an important source of revenue. The base of the tax is essentially gross
income or sales and the payment of the IUE can be deducted for the computation of the tax
liability of the IT, characteristics that are similar to the ones a minimum profit tax on
turnover. However, the tax generates several distortions. First, it is a “cascading” tax, i.e., it
penalizes businesses that have many stages of production, thereby providing distortionary
incentives to vertical integration. Second, it penalizes domestic production as importers are
not subject to the tax. Finally, exporters typically cannot get a refund for the IT on their
inputs, which artificially makes them less competitive.

12. The financial transactions tax (ITF). The financial transactions tax was created in
2004, in a context of emergency revenue need, for an initial period of two years. The tax rate
was initially set at 0.30 percent for both credits and debits, and then reduced to 0.25 percent
in 2005. In 2006, the ITF was made permanent, its rate was reduced further to 0.15 percent,
and transactions in bolivianos were exempted as part of the government’s strategy to reduce
dollarization. While the ITF provided needed revenues in a crisis situation, its costs may
outweigh its benefits given the improved fiscal position. In particular, it increases the costs of
financial intermediation, a large share of which remains denominated in U.S. dollars.

13. The value added tax (VAT). The VAT is in general a well designed tax and its
efficiency has improved in recent years. Its productivity, as measured by the C-efficiency
coefficient has been growing, and there has been an important increase in collection levels as
a share of GDP’ (Table 2). This is likely to reflect a combination of a stronger level of
economic activity and an improvement in tax administration. Some aspects, however, could
be strengthened. First, excise taxes are not included in the base of the VAT, which runs
against the externality correction function of excises. Second, fraudulent invoicing has
contributed to the setting of discretionary limits to the amount of refunds that can be paid to
certain sectors, leading to an accumulation of unpaid refunds to some exporters. Finally, the
regulation of the tax does not clearly define what constitutes an export of a service.

14. Excise taxes (ICE and IEHD). Although the introduction of tax amnesties has been
avoided in the last two years, the repeated use of such amnesties in the past eroded the base
of the ICE. In particular, tax amnesties on imported vehicles as a source of revenue in the
crisis years has contributes to a continued expectation of future amnesties. In addition to
evasion problems with vehicles, some studies provided evidence of significant evasion in the
collection of excises on tobacco and beverages. Regarding the IEHD, the administrative
nature of the adjustment of rates, coupled with incentives to use IEHD rates to keep domestic

" The level of C-efficiency compares favorably with other countries in the region (Table 2), which is in part due
to the fact that the Bolivian VAT has one of the fewest numbers of exempted goods and services.
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retail prices of hydrocarbon products low, has typically hurt IEHD revenues and hindered the
externality correction role of the tax.

Special regimes for small taxpayers and regions

15. The system of special regimes for small taxpayers has several features that
reduce the efficiency and equity of the tax system. First, the treatment of taxpayers on the
basis of the type of activity allows taxpayers that should normally be taxed in the regular
regime to obtain a preferential tax treatment by dividing up their activities (thereby favoring
large taxpayers who can easily divide up their activities). Second, within the same type of
activity, it favors unfair competition by informal businesses, as the latter are typically treated
under the special regimes under advantageous conditions. Third, given that informality is
favored, it makes tax evasion and smuggling more difficult to control, particularly for some
taxes such as the VAT, given that special regime taxpayers are not allowed to issue invoices.
Finally, the several categories of special regimes generate costs and difficulties for the tax
administration, diverting valuable resources that could be used more efficiently to monitor
larger taxpayers.

16. The special tax regimes or free trade zone is overly complex and provides
numerous opportunities for tax avoidance or evasion. There are currently 14 free trade
zones and several elements of legislation exempting certain regions from a specific group of
taxes. While the authorities have limited the impact of these laws with the related regulation,
the special concessions granted to certain regions have provided arguments to other regions
to ask for similar treatment, leading to further complexity. Regarding the avoidance problem,
by locating activities in a specific region, or by exploiting ambiguities in a complex
legislation, certain group of taxpayers have been able to artificially reduce their tax burden.
For example, some enterprises use free trade zones exemption to IUE to distribute dividends
to local shareholders, and they similarly can avoid paying VAT. In addition, the fact that the
tax administration is overburdened leads to a perception of low risk and provides taxpayers
with significant opportunities for tax evasion. This is evidenced, for example, by the low
level of taxpayer compliance in the regime covering the transportation sector, where the
evasion rate reached a high of about 70 percent before some taxpayers were shifted in 2006
to the regular regime.
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Box: Summary of Key Tax Policy Issues and Recommendations

Key tax policy issues

The complementary tax to VAT (RC-IVA) is hampered by evasion and a narrow base, and
adds little progressivity to the tax system.

The corporate income tax (IUE) tax base remains significantly below its potential due to
loopholes in the legislation that allow several forms of tax avoidance and exclusion of
profits generated outside Bolivia.

The transactions tax (IT) provides distortionary incentives to vertical integration and has
features that penalize domestic production and exports.

The financial transactions tax (ITF) entails distortions to financial intermediation that
may outweigh its benefits in terms of revenue generation.

Excise taxes (ICE and IEHD) have been hampered by the repeated use of tax amnesties
and tax evasion problems. Moreover, the administrative adjustments of IEHD rates to keep
domestic hydrocarbons prices low have hurt IEHD revenues.

Special regimes for small taxpayers and regions are complex to administer and facilitate
tax avoidance and evasion.

Main recommendations

Eliminate the RC-IVA and replace it with a well designed personal income tax.

Strengthen the corporate income tax by eliminating loopholes that facilitate the erosion of
its base.

Eliminate the transactions tax and replace its revenues through an increase in the VAT
rate.

Raise the level of excises for hydrocarbons and non-hydrocarbons as a share of the final
price to levels comparable to neighboring countries in the context of a gradual adjustment
of hydrocarbon prices to market levels.

Simplify special regimes for small taxpayers and rationalize the number of tax exemptions
granted to regions and the number of free trade zones.

Continue strengthening of the tax administration by recruiting staff on the basis
of merit and provide adequate resources to ensure competitive pay and the
availability of necessary technology.
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D. Reform Options

17. The above discussion suggests that some taxes have weak bases, high
administrative costs, and a distortionary impact. The tax system has been complicated by
the introduction of several special regimes for small taxpayers and particular regions that
generate incentives for informality and tax evasion, and also treat differently taxpayers with
potentially similar capacity to pay, depending on their characteristics such as the type of
economic activity. Finally, given the important reliance on taxes on goods and services and
the lack of a well functioning personal income tax , there is little progressivity in the system,
an essential characteristic for vertical equity. In order to address these issues and avoid a
further increase in the dependence on hydrocarbon revenues, reforms could be considered
based on an appropriate combination over time of the following measures:

o Eliminating the RC-1VA and replacing it with a well designed personal income tax.
A simple tax design with moderate marginal rates (e.g. between 5 and 25 percent), a
high exemption threshold, standardized deductions, and a broad tax base covering all
sources of income would help improve efficiency and strengthen the vertical and
horizontal equity in the tax system. While the yield of the measure will ultimately
depend on the exact design of the tax, a personal income tax with these characteristics
could yield a gross revenue level of 1 percent of GDP. After deducting the revenue
loss from the elimination of the RC-IVA and other related changes, the net revenue
gain could be around 0.5 percent of GDP.

o Eliminating the transactions tax and replacing its revenues through an increase in
the VAT rate. This would limit the problems related to cascading, artificial
disincentives to domestic production, and reduction in competitiveness of exporters.
Depending on how much the elimination of the IT would affect the base of the VAT,
an increase in the gross VAT rate of between 4 and 5 points would be needed to
compensate for lost revenues from the IT. Given the current rate of 13 percent, this
would leave Bolivia with a VAT rate closer to those of neighboring countries
(Table 2).

o Strengthening the corporate income tax by eliminating loopholes that facilitate the
erosion of its base. This includes: (a) implementing guidelines on transfer pricing in
line with the OECD guidelines; (b) limiting the possibilities for interest deductions, to
avoid thin capitalization; (c) eliminating the exemption for capital gains from assets
registered in the stock market; (d) limiting loss carry over provisions; and (e) making
the tax apply to worldwide profits and not only to profits generated in Bolivia. In
addition, given that the IT would not longer act as a minimum profit tax, a 1 percent
minimum profit tax based on assets could be introduced temporarily, as several
countries in the region have done to ensure a certain level of revenue during the
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transition to the reformed IUE. While it is very difficult to quantify ex-ante the yield
of such measures, about 0.3 percent of GDP would be a conservative estimate.

Simplifying special regimes for small taxpayers and rationalizing the number of tax
exemptions granted to regions and the number of free trade zones. The
simplification of the special regime for small taxpayers could be achieved by
replacing them with a unique regime for small taxpayers. Two thresholds based on
turnover would be introduced—a lower threshold below which the taxpayer would be
exempt from the VAT and IUE, and a higher one above which taxpayers would have
to contribute to the regular regime. Taxpayers in between these thresholds would only
pay the corporate income tax, on a presumptive basis. Exemptions for regions and
free trade zones should be reviewed and their coverage reduced to a minimum, taking
into account a quantification of their associated tax expenditures.

Raising the level of excises for hydrocarbons and non-hydrocarbons as a share of
the final price to levels comparable to neighboring countries. The former should be
undertaken in the context of a gradual adjustment of hydrocarbon prices to market
levels. Avoiding erosion of the level of excises as a share of the final price is
important to ensure that there is adequate correction for the externalities typically
generated by the consumption of the covered goods. However, and particularly in the
case of the ICE, these changes will need to be accompanied by increased tax
administration efforts to fight evasion and smuggling. Depending on the magnitudes
of adjustment in prices and rates, this reform could generate significant additional
revenue.

The effectiveness of the above tax policy reforms would hinge on continued

improvement in tax administration. In this connection, efforts should continue to recruit
staff on the basis of merit and to provide the necessary resources to the tax and customs
administrations, so that these institutions can pay competitively to their staff and acquire the
necessary technology to support appropriate revenue administration procedures.

Reference

Coelho, Isaias ; Ebrill, Liam P., and Victoria P. Summers, 2001, “Bank Debit Taxes in Latin

America - An Analysis of Recent Trends,” IMF Working Paper No. 01/67
(Washington: International Monetary Fund).
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Table 1: Bolivia: Tax Revenues of the General Government

2001 2002 2003 2004 2005 2006
(As a percent of GDP)
Tax Revenues 16.4 16.1 16.2 18.7 23.8 27.0
Taxes on Goods and Services 10.1 10.4 9.9 10.8 12.6 12.0
Value added tax (net) (IVA)) 5.0 54 5.5 5.6 6.2 6.4
Domestic Market 29 3.0 3.3 3.1 3.1 3.4
Imports 2.7 3.0 2.8 3.2 3.7 3.6
VAT Refunds (CEDEIM) -0.6 -0.6 -0.6 -0.6 -0.6 -0.6
Transactions tax (IT) 1.8 1.9 1.9 2.3 2.2 2.0
Financial Transactions Tax (ITF) 0.0 0.0 0.0 0.5 0.8 0.5
Excises on non-hydrocarbon products (ICE) 0.8 0.7 0.7 0.8 0.9 0.9
Excises on hydrocarbon products (IEHD) 24 23 1.7 1.6 2.5 2.2
Taxes on income and profits 23 2.2 2.0 23 3.1 3.5
Corporate Income tax (IUE) 1.9 1.9 1.8 2.0 2.8 3.2
Hydrocarbons sector 0.4 0.2 0.3 0.5 0.9 1.1
Other Sectors 1.6 1.7 15 1.5 2.0 2.1
Complementary tax to VAT (RC-IVA) 0.4 0.4 0.3 0.3 0.3 0.2
Property taxes 1.0 1.0 1.0 1.2 1.0 0.9
Royalties 2.7 24 29 3.5 6.7 10.1
Mining 0.1 0.1 0.1 0.1 0.2 0.5
Hidrocarbons (including IDH) 26 23 2.8 3.4 6.6 9.7
Taxes on International Trade 1.1 1.0 0.9 1.0 1.0 1.0
Custom duties 1.1 1.0 0.9 1.0 1.0 1.0
Other tax revenues 0.2 0.1 0.4 1.2 0.3 0.3
Of which tax amnesties 0.2 0.0 0.2 1.1 0.0 0.0
Of which special regimes 0.0 0.0 0.0 0.0 0.0 0.0
(As a share of total tax revenues)
Tax Revenues 100.0 100.0 100.0 100.0 100.0 100.0
Taxes on Goods and Services 61.4 64.3 61.4 57.7 53.1 447
Value added tax (net) (IVA)) 30.4 33.6 34.1 30.1 26.2 23.8
Domestic Market 17.6 18.5 20.3 16.7 13.1 12.5
Imports 16.7 18.8 17.4 16.8 15.5 13.4
VAT Refunds (CEDEIM) -3.9 -3.7 -3.6 -3.5 -2.4 -2.1
Transactions tax (IT) 11.2 121 12.0 121 9.4 7.5
Financial Transactions Tax (ITF) 0.0 0.0 0.0 24 3.5 1.9
Excises on non-hydrocarbon products (ICE) 5.2 4.3 4.6 4.2 3.7 3.2
Excises on hydrocarbon products (IEHD) 14.7 14.3 10.7 8.8 10.4 8.3
Taxes on income and profits 14.3 13.8 12.6 12.2 13.1 12.9
Corporate Income tax (IUE) 11.7 11.6 10.8 10.7 11.9 12.0
Hydrocarbons sector 2.2 1.2 1.7 2.5 3.7 4.2
Other Sectors 9.5 10.4 9.1 8.3 8.2 7.8
Complementary tax to VAT (RC-IVA) 26 22 1.7 1.5 1.2 0.9
Property taxes 5.9 6.3 6.1 6.2 4.2 3.5
Royalties 16.5 14.8 18.1 18.5 28.3 37.5
Mining 0.5 0.5 0.5 0.6 0.7 1.7
Hidrocarbons (including IDH) 16.0 14.2 17.6 17.9 27.7 35.9
Taxes on International Trade 6.4 6.4 5.6 5.1 4.3 3.8
Custom duties 6.4 6.4 5.6 5.1 4.3 3.8
Other tax revenues 1.4 0.7 24 6.5 1.2 1.1
Of which tax amnesties 1.2 0.3 15 6.1 0.2 0.1
Of which special regimes 0.1 0.1 0.1 0.1 0.1 0.1
Memorandum items:
Tax Revenues excluding royalties and amnesties (%GDP) 13.5 13.7 13.0 141 17.0 16.8

Nominal GDP (in million of bolivianos)

53,790.3 56,682.3 61,904.4 69,626.1

76,153.8 89,434.1

Sources: Financial Programing Unit (UPF), Bolivian Tax Service (SIN) and Staff Estimates.
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III. MONETARY POLICY TRANSMISSION IN BOLIVIA'
A. Introduction

1. Although Bolivia has succeeded in achieving low single digit inflation, looking
forward, it faces a number of challenges in the conduct of its monetary policy.
Following hyperinflation in the mid 1980s, inflation was brought down from about

25 percent in the early 1990s to under 5 percent in recent years, with the crawling peg
exchange rate regime playing a central role. Nonetheless, the central bank now faces new
challenges, in particular those related to strong pressures for real exchange rate
appreciation—and the associated inflationary effects—stemming from large current account
inflows.

2. Managing emerging real exchange rate pressures to protect macroeconomic
stability will require the central bank to use all its policy instruments, including greater
exchange rate flexibility. Given the upward exchange rate pressures and government
commitment to low inflation as a national asset, it is crucial to identify the links between
monetary policy instruments and key economic variables to ensure that appropriate measures
are taken in a forward looking manner. The preliminary analysis of the channels for the
transmission of monetary policy in Bolivia is two-pronged. First, a qualitative assessment is
provided of the effectiveness of individual channels for monetary policy transmission in the
Bolivian economy. Second, a vector autoregression (VAR) model is used to assess the
impact of shocks to monetary policy instruments—namely interest rates, exchange rate, and
narrow money—on output and prices.

3. The analysis suggests the exchange rate channel has been the strongest for
monetary policy transmission in Bolivia, partly on account of high dollarization, while
other channels need to be strengthened. Prices are found to be affected mainly by the
nominal effective exchange rate, while output is found to be influenced only by narrow
money, though to a small degree. However, as more exchange rate flexibility is needed to
effectively manage large current account inflows, the central bank will no longer be able to
rely on the exchange rate to serve as the nominal anchor for the economy and will therefore
need to enhance monetary policy transmission through other channels.

4. The chapter is organized as follows. Section B provides the institutional context
and summarizes key monetary developments; section C discusses the channels for monetary
transmission in Bolivia; section D presents the empirical analysis using a VAR model; and
section E concludes.

! Prepared by Laura Jaramillo Mayor.
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B. Institutional Context and Key Monetary Trends

5. The main objective of the Central Bank of Bolivia (BCB) is to maintain low
inflation, with secondary objectives of stabilizing the real effective exchange rate and
the financial system. The exchange rate regime is based on a crawling peg, without a pre-
announced path. Although the central bank has operational targets for reserve money and net
international reserve accumulation, the exchange rate has been the de facto nominal anchor
for the economy because of the crawling peg system.

6. The central bank has been successful in meeting its inflation objectives over the
recent past, despite facing many difficult challenges. Inflation in Bolivia fell from about
25 percent at the beginning of the 1990s, to under 5 percent in recent years, with the
exchange rate serving as an effective nominal anchor for the economy. This disinflation
effort was achieved despite persistent fiscal deficits throughout the period (except for 2006),
and several experiences of deposits runs in the financial system triggered by political
instability—with the most significant drop in deposits taking place in 2002 and 2004.> Over
the period, the central bank made important efforts to safeguard the financial system,
including through the accumulation of net international reserves (Figure 1).

Figure 1. Bolivia: Economic Developments, 1991-2006
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1/ Real interest rate is calculated using the contemporaneous inflation rate.

Source: IFS, Central Bank of Bolivia, and Fund staff estimates.

? Between 1990 and 2006, there were 13 episodes of quarter on quarter decline in banking system deposits.
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7. High dollarization of the economy has been a serious constraint on the
effectiveness of monetary policy. Between 1990 and 2003, foreign currency deposits
averaged over 92 percent of total banking system deposits, while foreign currency credit
averaged over 96 percent of total banking system credit (Figure 2). Though declining in
recent years, this high level of dollarization has weakened monetary policy transmission in
Bolivia, distorting the link between domestic money and inflation, increasing the
vulnerability of the financial and corporate sectors to changes in the exchange rate, and
altering impact of monetary policy actions.

8. Since 2003, Bolivia has benefited from a sharp turnaround in the balance of
payments, leading to changes in the economic environment that will require
adjustments to monetary policy to continue the success in containing inflation. Bolivia is
experiencing large current account surpluses on the strength of mining and natural gas
exports, which are generating strong real appreciation pressures on the local currency (Figure
2). In response, the central bank reversed the rate of crawl since mid-2005, allowing for a
very modest nominal appreciation of the exchange rate. However, looking forward, a more
flexible approach to exchange rate policy would be needed in order to manage these
pressures and preserve macroeconomic stability.

Figure 2. Bolivia: Dollarization and External Developments, 2001-2006
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Source: IFS, Central Bank of Bolivia, and Fund staff estimates.
C. Monetary Policy Transmission Channels

9. The monetary policy transmission mechanism comprises the ways in which
monetary policy impacts aggregate demand and prices, by influencing investment and
consumption decisions of firms, households, and financial intermediaries. The literature
identifies five channels of monetary policy transmission’: (i) interest rate channel; (ii) bank
lending channel; (iii) asset price channel; (iv) exchange rate channel; and (v) expectations
channel.

? For a review of these channels, see Mishkin (1996), Loayza and Schmidt-Hebbel (2002), and Egert and
MacDonald (2006).
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10.  Interest rate channel. The interest rate channel works through the effect of real
interest rate developments on aggregate demand. Price rigidities allow nominal interest rate
adjustments to produce corresponding real interest rate changes, altering the marginal cost of
lending and borrowing, thereby impacting investment and spending. A key aspect of this
channel is the extent to which a change in the central bank-controlled policy interest rate
affects the term structure of interest rates (the yield curve). In Bolivia, there does appear to
be a link between the policy rate and the domestic currency money market and deposit
interest rates, and a weaker link with domestic currency lending rates (Figure 3).
Nonetheless, the high level of foreign currency-denominated private sector credit
substantially reduces the sensitivity of borrowers to domestic interest rate movements.
Furthermore, in recent years, the cost of credit has tended to be a secondary issue for
spending and investment decisions against the backdrop of a highly uncertain political
environment.

70 t Figure 3. Domestic Currency Interest Rates
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Source: IFS, Central Bank of Bolivia, and Fund staff estimates.

11.  Exchange rate channel. The exchange rate channel affects aggregate demand and
prices through the pass-through effect, net exports, and firms’ balance sheets in the case of
high dollarization. Generally, the larger the import share and the magnitude of a devaluation,
the larger the pass-through effect on domestic prices. Exchange rate pass-through in Bolivia
is expected to be significant due to the relatively high share of imports to GDP” and, more
importantly, because of the high dollarization of the economy. However, the impact of
exchange rate depreciation on aggregate demand is uncertain as the possible expansionary
effect of higher net exports (resulting from increased international competitiveness) could be
offset by the negative balance sheet effects for unhedged borrowers.

*In 2006, imports of good and services in Bolivia amounted to 31 percent of GDP, compared to an average of
23 percent for Latin America and Caribbean region.
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12.  Bank lending channel. The bank lending channel operates via the influence of
monetary policy on the supply of bank loans, i.e., the quantity rather than the price of credit.
A contractionary monetary shock reduces bank reserves and therefore the total amount of
bank credit available, leading to a fall in consumption and investment. In Bolivia, monetary
policy has a limited capacity to effectively control banks’ ability to supply loans. In the
context of high dollarization, banks have the option of drawing on external assets and foreign
credit lines in response to interest rate differentials between domestic and foreign dollar
assets.

13.  Asset price channel. The asset price channel operates by way of the monetary policy
impact on the net wealth of economic agents. An expansionary monetary policy lowers
interest rates and makes equity markets more attractive, thereby changing firms’ market
value and household wealth. The former alters the relative price of new investment spending,
while the latter affects household consumption and the availability of collateral borrowing.
The asset price channel is unlikely to be important in Bolivia due to the underdevelopment of
its capital markets and the limited private sector reliance on market financing. Transactions
of stocks and private sector bonds amounted to US$200 million in 2006, representing only

10 percent of stock market transactions, which are dominated by trading of government

paper.

14.  Expectations channel. The expectations channel works through its impact on agents’
perceptions of the economic outlook. The basis for this channel is that variables that have an
intertemporal dimension—and are therefore influenced by forward-looking considerations—
are affected by agents’ beliefs about future shocks to the economy and how the central bank
will react to them. In this way, the expectations channel shortens the reaction lag of the other
transmission channels. Accordingly, the credibility of monetary policy is crucial to this
transmission channel. In Bolivia, the expectations channel associated with the exchange rate
played an important role in lowering inflation, due to its strong signaling effect on the
economy. However, in a context in which the exchange rate could no longer serve as the
nominal anchor, expectations would be determined by the central bank’s ability to continue
to meet its inflation objectives.
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D. Empirical Analysis

15. This section examines the empirical relationship between monetary policy
variables and both output and prices. Based on a conventional vector autoregression
(VAR) model, Granger causality tests and generalized impulse responses are used to provide
some insight into the relative strengths of the most important transmission channels. The
VAR approach places minimal restrictions on how monetary shocks affect the economy,
explicitly recognizing the simultaneity between monetary policy and macroeconomic
developments, as well as the dependence of economic variables on monetary policy.

16. The analysis considers the effects of three policy instruments—namely interest
rates, exchange rate, and domestic narrow money—on output and prices. The policy
interest rate chosen for the analysis is the 91-day bill rate, as it is the key short-term interest
rate used by the BCB in its open market operations throughout the sample period. The
nominal effective exchange rate (NEER) is used as opposed to the bilateral exchange rate
against the U.S. dollar in order to better capture the authorities’ intention of adjusting the
crawling peg to maintain competitiveness with respect to Bolivia’s main trading partners.
Also, the NEER is preferred over the real effective exchange rate in order to better
distinguish the exchange rate channel from other transmission channels. Domestic narrow
money (M1) is used instead of broad money, as it is the monetary aggregate that the
authorities can influence most directly. Output is measured as real GDP excluding mining
and hydrocarbons, in order to focus on the sectors that can potentially be influenced by
monetary policy.” The consumer price index is taken as the measure of the general price
level. All data series are in quarterly frequency and cover the period March 1990 to
December 2006.°

17. The stationarity properties of the data were tested, and the lag length of the
VAR estimation was selected using Akaike (AIC) and Schwartz (SC) information
criteria. The Augmented Dickey-Fuller test indicates that the variables are I(1), suggesting
the presence of unit roots. Nonetheless, the analysis was conducted in levels to allow for
implicit cointegrating relationships in the data.” Both the AIC and SC tests suggest a lag of
the first order, and the Lagrange Multiplier test shows that the residuals are not serially
correlated.

> Investment and overall performance in the mining and hydrocarbons sectors in Bolivia is determined to large
extent by international prices, taxation policy, and long-term bilateral agreements with trading partners.

% Data series come from the IFS database and the Central Bank of Bolivia. All data are expressed in natural logs
and are seasonally adjusted using ARIMA X12, with the exception of the interest rate.

7 Sims, Stock, and Watson (1990) show that an analysis in levels is valid if enough of the variables are
cointegrated, because the ordinary least squares estimator of the reduced-form VAR efficiently estimates the
cointegrating relationship.
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18. The multivariate Granger causality tests suggest the joint significance of the
three policy variables for prices and output (Table 1).® The interest rate was found to
have a significant Granger effect (at the 10 percent confidence level) on output and prices,
which in itself would suggest that the traditional monetary transmission channel in Bolivia
could be valid (however, as discussed below, this was not validated by the impulse
responses). The nominal exchange rate has a significant Granger effect on prices but not
output. This is consistent with the dollarization of the economy, as some pass-through of
exchange rate changes to prices is expected, while the effect on aggregate demand is
uncertain. Finally, narrow money was found to have a significant Granger effect on output
but not on prices. This reflects the instability in the relationship between domestic money
and prices caused by high dollarization.

Table 1. Multivariate and Bivariate
Block Granger Causality Tests

p -values

Effect on output

Block (p, x, s, M1) 0.01 ***

Interest rate (s) 0.09 *

Exchange rate (x) 0.67

Narrow money (M1) 0.02 **
Effect on prices

Block (p, x, s, M1) 0.00 ***

Interest rate (s) 0.08 *

Exchange rate (x) 0.03 **

Narrow money (M1) 0.58

Note: The block Granger non-causality statistic is
calculated using an LR test and follows a ¥ distribution.
*, **, and *** denote rejection of the null at the 10, 5, and 1
percent levels, respectively.

¥ These results should be interpreted with caution as they are sensitive to the choice of lag length. A high
number of lags tends to reduce the significance of interest rate and exchange rate effects on prices.
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VAR analysis

19. The VAR representation is given by:
Y =AL)Y, ,+B(L)Z, +¢,

Y, =1y, P58,5%,m,]

Z, :[oilpt,s,US]

where Y, is a vector of endogenous variables and Z, is a vector of exogenous variables. The

vector of endogenous variables consists of real GDP excluding mining and
hydrocarbons ( y, ), the consumer price index ( p, ), the 91-day bill rate (s, ), the nominal

effective exchange rate (x, ), and the monetary aggregate M1 (m, ). The order of the variables

reflects the likely degree of endogeneity of the policy variables to current economic
conditions.’ The vector of exogenous variables consists of an index of world oil
prices (oilp,), as a proxy for developments in the hydrocarbons sector, and the U.S. federal

funds rate (s ), to account for interest rate parity. In addition, a dummy variable was

included to account for deposit withdrawals that Bolivia has encountered over the sample
period, which have had a bearing on central bank policy decisions.

20. In general, the results from the impulse response functions point to the exchange
rate as the most significant tool for monetary transmission in Bolivia. Figure 4 presents
the impact on output and prices of a one-standard deviation shock to each policy-related
variable. The estimated impacts of the interest rate on output and prices have the expected
direction, but are not statistically significant, pointing to the weakness of the interest rate
channel for monetary transmission in Bolivia. Meanwhile, the estimated effects of the
exchange rate on output and prices are as anticipated. While the exchange rate was found not
to have a significant impact on output, a depreciation of the exchange rate leads to an
increase in prices that becomes significant after two quarters. Finally, a shock to M1 appears
to have a significant effect on output but not on prices. Nonetheless, the impact on output is
quite small, indicating the minor role that monetary policy can play in stimulating aggregate
demand in Bolivia.

? Results are robust to alternative orderings of the variables.
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Figure 4. Impulse Responses to Basic Model
(Response to One S.D. Innovations + 2 S.E.)
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21. Adding the domestic currency lending rate to the VAR confirms the weakness of

the interest rate channel in Bolivia. The basic VAR was extended by adding the lending
rate in domestic currency, in order to examine the interest rate channel more closely. Granger
causality was found to run from the policy rate to the lending rate, indicating some pass-
through from policy to market interest rates (Table 2). However, output and prices do not
respond significantly to lending rate shocks, again highlighting the weakness of the interest
rate channel in Bolivia (Figure 5).
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Table 2. Granger Causality for Key Interest Rates
Null Hypothesis F-Statistic Probability
91-day Bill Rate does not Granger Cause Lending Rate 3.69 0.05 **
Lending Rate does not Granger Cause 91-day Bill Rate 1.58 0.21
91-day Bill Rate does not Granger Cause Deposit Rate 16.46 0.00 ***
Deposit Rate does not Granger Cause 91-day Bill Rate 0.00 0.97
Deposit Rate does not Granger Cause Lending Rate 8.22 0.01 ***
Lending Rate does not Granger Cause Deposit Rate 0.18 0.67
Note: Lag-length is 1; results are robust to longer lags.
*, ** and *** denote rejection of the null at the 10, 5, and 1 percent levels,

22. Looking at the effects of credit to the private sector on prices suggests that the
bank lending channel may be valid. In order to examine the role of bank lending in the
transmission of monetary policy in Bolivia, credit to the private sector (domestic and foreign
currency) was included in the basic VAR model. The results indicate that a shock to credit
has an impact on prices, which becomes significant with one-quarter lag, although to a lesser
extent than with an exchange rate shock (Figure 5). Innovations to credit do not yield a
significant output response, which is consistent with the poor performance of private sector
credit in recent years. After peaking at more than 50 percent of GDP in 2000, credit to the
private sector fell to less than 35 percent of GDP in 2006, and currently accounts for only
about 56 percent of total banking system assets.

Figure 5. Impulse Responses to Extended Models
(Response to One S.D. Innovations + 2 S.E.)
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E. Conclusions and Policy Implications

23. While the exchange rate has been found to be the strongest channel for
monetary policy transmission in Bolivia, looking forward, the central bank will face the
need to strengthen other channels. The empirical results indicate that prices have been
affected mainly by the nominal effective exchange rate and to a much lesser extent by bank
lending. Meanwhile, output was found to be affected only to a small degree by shocks to
narrow money. In the short term, the real appreciation pressures would facilitate low
inflation, to the extent that they are reflected in nominal exchange rate appreciation.

24, Over the medium term, additional measures would be needed in order to
enhance the effectiveness of transmission channels, particularly in the event of a
reversal of the appreciation trends. Key policy challenges will include deepening financial
intermediation and fostering a continued reduction of dollarization. However, this may take
time, therefore it will be essential to maintain financial policies consistent with external
stability (thereby forestalling depreciation pressures), in particular a prudent fiscal stance.

References

Egert, Balazs, and Ronald MacDonald, 2006, “Monetary Transmission Mechanism in
Transition Economies: Surveying the Surveyable,” CESifo Working Paper No. 1739
(June).

Loayza, Norman, and Klaus Schmidt-Hebbel, eds. 2002, Monetary Policy: Rules and
Transmission Mechanisms (Santiago: Central Bank of Chile.)

Mishkin, Frederic, 1996, “The Channels of Monetary Transmission: Lessons for Monetary
Policy,” NBER Working Paper No. 5464 (February).

, 2001, “The Transmission Mechanism and the Role of Asset Prices in Monetary
Policy,” NBER Working Paper No. 8617 (December).

Sims, Christopher, James Stock, and Mark Watson, 1990, “Inference in Linear Time Series
Models with Some Unit Roots,” Econometrica, Vol. 58 (January), pp. 113—144.



45

IV. RECENT EXPERIENCE WITH DEBT MANAGEMENT'

A. Introduction

1. As a result of macroeconomic instability, public debt profiles worsened in Latin
America in the 1980-90s. In particular, the maturity of financial instruments gradually
shortened due to high inflation. Stabilization efforts included, inter alia, strategies in which
the role of the U.S. dollar in domestic financial markets was promoted, in part to develop
long term instruments.

2. As in other Latin American economies, public debt in Bolivia was denominated
in foreign currency and at short maturities by the late 1990s. In 1998, more than a decade
after a successful stabilization program, 86 percent of the stock of treasury paper was issued
in foreign currency. Moreover, the average maturity of domestic treasury financing in
Bolivia was only 68 weeks, suggesting that the introduction of foreign currency financial
instruments had, at best, only partially helped to extend the maturity structure in financial
markets.

3. However, debt profiles have improved in Bolivia recently, with an extension in
the maturity structure and an increase in the proportion of debt issued in domestic
currency. The stock of treasury paper in domestic currency increased from 14 percent of the
total in 1998 to more than 70 percent as of end-2006, most of which are inflation-indexed
bonds (about 65 percent of the total stock of treasury paper). As for the maturity structure,
the average maturity of bonds issued for treasury financing went from 68 weeks in 1998 to
more than 210 weeks as of end-2006.

4. Better debt profiles have resulted from the combination of a complex debt
management strategy and improving macroeconomic fundamentals. The authorities
have taken steps to favor the use of the Boliviano and extend the maturity of public
securities, including by: (a) providing incentives for holding financial assets in Bolivianos
(for example, marginal reserve requirements for deposits in foreign currency); (b)
introducing inflation-indexed bonds at increasing maturities; (c) offering higher yields on
instruments in Bolivianos at longer maturities; and (d) since mid-2005, modestly
appreciating the Boliviano in the context of the crawling-peg regime. Better macroeconomic
fundamentals have also been critical. After going through financial stress in the early 2000s,
Bolivia improved its fiscal and external balance, which helped strengthen the Boliviano and
reduce the expectations of financial crises.

S. This chapter analyzes recent developments in public domestic debt in Bolivia
and the impact of macroeconomic fundamentals on the debt structure. We look
separately at the debt issued by the central bank to conduct monetary policy, and at the debt

! Prepared by Esteban Vesperoni (Resident Representative) and Walter Orellana (Central Bank of Bolivia), with
research assistance from Sergio Cardenas Rossel (Central Bank of Bolivia). Fernando Mita and Bernardo
Fernandez (Central Bank of Bolivia) also collaborated with the paper.
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issued by the treasury to finance its operations. We find that the authorities’ debt
management strategy and the improvement in macroeconomic fundamentals have both
played a critical role in improving debt profiles—mainly by extending maturities and shifting
the currency composition towards domestic currency. We also compare debt profiles with
other countries in Latin America, and found that there is still room for improvement, both in
terms of maturity and currency composition.

6. The chapter is organized as follows. Section B describes institutional arrangements
to manage public domestic debt in Bolivia. Section C reviews recent trends in domestic
treasury paper; both issued to conduct monetary policy and treasury financing. Section D
analyzes the evolution of yields on public securities. Section E compares public debt
dollarization and the maturity structure in Bolivia with other Latin American countries.
Section F presents econometric evidence on the effect of economic fundamentals on the debt
profile. Section G concludes.

B. Domestic Debt: Institutional Arrangements

7. Domestic debt is issued for both monetary policy and treasury financing
purposes. The Central Bank of Bolivia defines an annual monetary program and sets
quarterly targets for debt placements. On a weekly basis, the bank conducts analysis of
financial market liquidity and places debt in Open Market Operations (OMO), mainly
through competitive auctions, and occasionally through its trading desk. The treasury also
places debt to finance its operations, both through financing agreements with pension
funds—in which the amounts and financing conditions are pre-determined—and through
market placements, also conducted through a committee at the central bank.

8. The authorities place treasury bills and bonds in foreign and domestic currency.
For monetary policy purposes, the central bank places treasury bills (zero-coupon bonds
issued at three-, six-, and 12-month maturities) and two-year treasury bonds, mostly in
domestic currency.” The central bank also issues one- and two-year inflation-indexed
treasury paper, and sporadically one-month treasury bills to curb short-term excess liquidity.
The treasury concentrates on longer maturities, through six-month coupon Boliviano bonds
with a pre-determined interest rate at four-, six-, and eight-year maturities.

9. Open Market Operations are conducted once a week by the Open Market
Committee (OMC) and the Treasury Paper Management Committee (TPMC). These
committees, which meet every Wednesday, place treasury bills and bonds in an auction
process. They also review developments in domestic and international financial markets, and
in particular the liquidity conditions in the financial system to set the offer of treasury paper
for the following week, both for monetary and fiscal operations.

? The central bank issues treasury bills—and not its own paper—for monetary policy purposes to avoid
fragmenting a small market with different financial instruments. The proceeds from these operations are placed
in a special central bank account (the Cuenta de Regulacion Monetaria, whose proceeds belong to the treasury
but can not be applied to its financing).
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10. The central bank favors Open English Auctions (OEA). These were introduced in
August 2005, and are conducted through an interactive auction system that operates using
internet protocols. Through this auction system, participants can monitor offers from other
agents in real time, giving them the opportunity to increase their bidding until closing time.
OEA allows participants to obtain information during the bidding process, which reduces the
“winner’s curse” effect and henceforth encourages more participation. The central bank
and/or the treasury can also place public paper through the central bank’s trading desk. In
general, auction mechanisms are favored, but the authorities may decide to offer paper
through the latter if the monetary program so requires or if they intend to extend signals to
market participants about interest rates.

11. The treasury also places long term bonds with pension funds through non-
market mechanisms. The 1996 pension reform legislation grants the treasury the option to
place long term bonds up to a certain share of the pension funds’ revenue.’ These are bonds
with annual coupons yielding a pre-determined interest rate, the terms of which are
negotiated directly between the treasury and pension funds. Up to 2002, the treasury placed
U.S. dollar-indexed bonds, at a 15-year maturity, with an annual interest rate of 8 percent.
Starting in 2003, and consistent with the de-dollarization strategy followed by the authorities
(see below), the treasury began to place inflation-indexed bonds, with maturities between 9
and 15 years, yielding an average real interest rate of 5 percent.”

C. Recent Trends in Public Domestic Debt

12. This section reviews recent trends in public securities placed for monetary policy
and treasury financing. First, it analyzes paper issued for monetary policy. Second, it
focuses on treasury financing, which comprises paper auctioned through market operations
and paper issued directly to pension funds. Third, it analyzes domestic debt yields.

13.  Monetary policy. In the monetary policy area, the following key trends may be
highlighted.

o The issuance of treasury bills has fluctuated widely, in line with the needs of
monetary policy (Figures 1 and 2). Since 1997, the stock of treasury bills and bonds
has been correlated with the evolution of consumer price inflation, with the exception
0f 2003 and 2005, years in which inflation was influenced by supply shocks.

3 A sort of call option over the pension funds’ cash flow.

* Since early 2007, the treasury issues inflation indexed bonds only at 15-year maturity and with coupons
yielding a 4 percent real interest rate.
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Figure 2: Inflation and Central Bank Open Market
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In recent years, the central bank has increasingly placed treasury bills in
domestic currency. The local currency share of the stock of treasury bills has
recovered from a low of 13 percent in 2001 to nearly 100 percent as of end-2006,
consistent with an increasing trend of currency issue (Figure 3).

Figure 3: Currency Issue and Central Bank Open Market Paper
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The maturity structure, concentrated in the short term, responds to the needs of
monetary policy. The central bank of Bolivia issued treasury bills at 2, 4 and 6-year
maturity in the early 2000s, not only aiming at monetary policy operations, but also at
developing long term markets. However, it has been increasingly concentrating in
short term paper in the last three years (Figure 4). As a result, almost three-quarters of
placements are now 1-year maturity, with the other quarter distributed in 3 and 6-
month maturities, defining a yield curve for these instruments.
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Figure 4: Open Market Paper Issued by the Central Bank: Maturity Structure
(In weeks and percentage of total)
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14. Treasury financing. In the treasury financing area, the following key trends may be
highlighted.
o The last ten years have witnessed a steady growth in domestic debt. While the

treasury in Bolivia had traditionally financed its operations through external
concessional lending, treasury placements in the domestic market shot up in the late
1990s (Figure 5). From end-1997 to end-2006, domestic debt increased by about

20 percent per year. Treasury financing through market auctions almost doubled
between 1997 and 2006 (to 10 percent of GDP). Direct placements to pension funds
have shown even faster growth, reaching about 13 percent of GDP by end-2006.

Figure 5: Domestic Treasury Debt
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. Since 2003, there has been an extension in the maturity structure and a gradual
trend towards a dedollarization of treasury paper. These trends were supported by
a debt management strategy that targeted dedollarization in two steps. First, by
introducing inflation indexed instruments (which also helped to extend maturities);
and, second, by gradually replacing offers of indexed bonds by non-indexed paper in
Bolivianos.
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In particular, since 2005, the issue of inflation-indexed bonds has picked up,
gradually replacing U.S. dollar denominated paper. In 2004, the treasury stepped
up its offers of inflation indexed bonds (Figure 6) to de-dollarize treasury market
paper. On the demand side, more appetite for instruments in Bolivianos seems to be
related to positive macroeconomic developments—tiscal consolidation, a strong
external position, and currency appreciation—and several policy measures favoring
the use of domestic currency, such as the increase in reserve requirements for U.S.

dollar deposits. As a consequence, U.S. dollar treasury market paper fell to less than
30 percent of the total by end-2006 (Figure 7).

Figure 6: Treasury Paper - Weekly Supply
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In 2006, aiming at reducing indexation, the treasury increased its issuance of
non-indexed instruments in Bolivianos. The treasury opted for reducing its offer of
two- and four-year inflation-indexed bonds in favor of non-indexed treasury bonds in
Bolivianos (Figures 8a and 8b). The latter—which have been offered for the first time
in Bolivia’s history—were well received by the market, and increasing placements
were made at decreasing yields during the last months (see section D).’

Figure 8a: Treasury-Weekly Supply of 2-year Bonds

Figure 8b: Treasury-Weekly Supply of 4-year Bonds
(In US$ million)
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> Early in 2007, the treasury introduced 6-year non-indexed bonds in Bolivianos, with a 10 percent nominal
yield.




51

o The treasury has also succeeded in lengthening the debt’s maturity structure. On
average, the maturity at issuance of treasury paper has been raised by almost 1'%
years between 2004 and end-2006 (from 140 weeks to 212 weeks, Figure 9a). As a
consequence, the average remaining maturity has also increased from 70 weeks in
2004 to 130 weeks as of end-2006 (Figure 9b).

Figure 9a: Treasury- Average Maturity at Figure 9b: Treasury - Average Remaining
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o As of end-2006, pension funds were the main holders of treasury market paper.

Pension funds participate actively in market auctions, through which they have
bought US$352 million (45 percent of the total stock).® Banks are the second largest
holders of open market treasury bonds, with US$145 million (18.5 percent). Pension
funds hold mainly inflation indexed bonds; and banks are the main holders of non-
indexed paper in Bolivianos (Figures 10 and 11).

Figure 10: Treasury Market Paper - Outstanding Stock
by Holder as of end-2006
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% Including treasury placements through bilateral agreements, pension funds hold treasury paper totaling
US$1.7 billion (77 percent of the total domestic debt).
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Figure 11: Banks - Treasury Bonds by Currency
(In percent)
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Direct financing agreements with pension funds—which started in 1997
following the pension reform—shifted in 2003 from U.S. dollar-indexed treasury
bonds to inflation-indexed bonds. In 2003, the legislation on pension reform was
amended to index pension payments to inflation (they were previously indexed to the
U.S. dollar). At that time, the treasury and pension funds agreed to replace U.S. dollar
indexed debt by inflation indexed bonds. This agreement has allowed the government
to dedollarize treasury debt (Figure 12).
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Figure 12: Pension Funds' Compulsory Bonds - Outstanding
Stock by Currency
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Debt placements to pension funds are made in long-term paper. The initial
financing agreement with pension funds involved 15-year treasury bonds. The 2003

agreement involved the issuance of treasury bonds at 9- and 15-year maturities (the
former have recently been discontinued).

D. Yields on Public Securities

15. Treasury paper in Bolivianos has shown a decreasing trend in yields since mid-
2005 (Figure 13). The fall in yields has been more significant in longer term maturities,
leading to a relatively flat yield curve. Despite a significant increase in open market

operations since early 2006, short term interest rates have remained broadly stable, in the
context of high levels of financial system liquidity.

Figure 13: Yield on Domestic Currency Bond
(In percent)
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16. In contrast, yields on dollar denominated instruments have risen since mid-2005.
This trend is more apparent for short-term paper (three-month treasury bills), whose yield has
risen by 90 basis points, to almost 4 percent (Figure 14). In general, this has been associated

with an increase in international interest rates and expectations of an appreciation of the
Boliviano.

Figure 14: Yield on Foreign Currency
(In percent)
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17. Consistent with the debt dedollarization strategy pursued by the authorities,
inflation-indexed paper has been offered at higher rates than foreign currency
denominated paper (Figure 15). This joint strategy being implemented by the treasury and
the central bank seeks to develop the market for inflation indexed paper, and to
correspondingly reduce dollarization in open market operations, even at the cost of higher
yields during a transition period. However, yields on inflation-indexed paper have begun to
fall as the market has grown deeper. During 2006, yields on inflation-indexed bonds fell by

about 400 basis points on average (Figure 16). This occurred across the board, but it was
more significant for longer maturities.

Figure 15: Excess Yield of Inflation-indexed vs.
U.S. Dollar Bonds
(Basis points)

Figure 16: Yield on Inflation-Indexed Bonds
(In percent)
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E. Regional Comparisons

18. The stock of public domestic debt in Bolivia is high compared with other
countries in the region. Excluding Brazil, Bolivia presents one of the highest domestic debt
ratios in the region, at about 20 percent of GDP (Table 1). In part, this is related to the debt
placements to pension funds, which are mandatory and account for about two-thirds of total
placements.’

19. In terms of maturity structure, a comparison of Bolivia with other Latin
American countries suggests that there is still room for lengthening maturities.
Bolivia’s debt maturity looks high in relation to the average for Latin America only because
of the long-term placements to pension funds. Excluding these placements, the average
outstanding maturity in Bolivia—at 22 years—is about half the average in the region.
However, average maturity at issuance is currently higher in Bolivia than in any other
country of the sample, with the exception of Pert. This suggests that Bolivia is gradually
aligning itself with the rest of the region in terms of remaining maturity.

20. Excluding compulsory debt to pension funds, the dollarization of treasury
placements is broadly in line with the region’s average. More than 70 percent of domestic
debt is denominated in Bolivianos, slightly higher than the average in the region (see

Table 1). Dedollarization of the domestic debt is envisaged to continue in coming years,
which would allow Bolivia to align the currency denomination of its domestic debt with that
of countries that made faster progress in replacing U.S. dollar-denominated debt.

Table 1: Latin America: Domestic Treasury Debt 1/

Country Treasury Debt/  Average Maturity at Average Remaining Currency
GDP Issuance (in years)  Maturity (in years) Composition 2/

Bolivia 3/ 20.2 9.5 7.8 53.4

Excluding compulsory placements to pension fund: 74 41 25 714
Brazil 65.8 3.0 26 98.7
Chile 4/ 3.2 12.2 100
Colombia 5/ 21.6 3.9 34 99.6
Costa Rica 233 3.5 3.8 84.4
Ecuador 7.8 3.7 0
México 15.8 3.3 4.3
Paraguay 24 25
Peru 7.0 9.5 5.1 83.5
Uruguay 6/ 5.8 3.0 62
Average (excluding Bolivia) 17.0 4.6 4.8 69.2
Average (excluding Bolivia and Colombia) 16.4 6.0 4.9 64.8

Source: IMF staff estimates.

1/ Data for end-2006; unless otherwise indicated.

2/ Domestic currency denominated paper; as share of total.

3/ Includes compulsory placements to pension funds.

4/ All placements made through competitive auctions.

5/ Includes compulsory placements to public sector agencies financed by the central government.
6/ As of February 2007.

7 Placements in this market will be reduced as pension funds are allowed to increase investments abroad.



56

F. Currency Composition and Maturity: The Role of Economic Fundamentals®

21.  Asin the rest of Latin America, macroeconomic instability in in past decades in
Bolivia played a critical role in worsening the public debt profile. High inflation
shortened agents’ planning horizons, which resulted in a shift in the maturity structure of
financial instruments towards the short run. Policies that facilitated the dollarization of
financial instruments helped extend the maturity structure somewhat. However, by the late
1990s, Bolivia still presented a short maturity structure and high dollarization of its financial
instruments; and in particular in its public domestic debt.

22. To better gauge these effects, econometric analysis has been performed on the
relationship between key macroeconomic variables and debt profiles in Bolivia. The
analysis focuses on the role of: (a) the fiscal stance, as reducing budget deficits should induce
economic agents to expand their planning horizons and should give the monetary regime
more credibility (favoring a shift of financial portfolios to domestic currency); (b) the
external position, as a solid international reserve position should strengthen the domestic
currency; and (c) exchange rate policy, which by allowing domestic currency appreciation
should have a bearing on one-sided bets in favor of the U.S. dollar. Together with
macroeconomic factors, we also assess the impact of measures to promote the Boliviano,
such as the introduction of inflation-indexed debt, the financial transactions tax on dollar
deposits, and marginal reserve requirements on U.S. dollar portfolios.

23. The modeling strategy to explain debt profiles is consistent with recent academic
work on financial dollarization. The efforts to gradually promote market instruments in
Bolivianos are consistent with the “original sin” hypothesis, according to which financial
markets in emerging economies are incomplete in view of the absence of instruments in
domestic currency. The elimination of policy asymmetries—especially the ones related to the
exchange rate regime—and the strengthening of the fiscal position are consistent with the
portfolio approach to financial dollarization, which stresses the importance of a credible
monetary regime and the elimination of policies that make the U.S. dollar a one-sided bet.
Finally, changes to prudential regulations are consistent with the view that highlights moral
hazard issues as driving dollarization, i.e. the need for lenders to factor in credit risks
associated with currency mismatches.’

24. In the spirit of transfer function models, we combine structural and time series
analysis.'’ To do so, we first construct a structural regression model and then develop a time
series model for the regression residuals (the unexplained noise). Thus, the general form of
the models estimated can be written as

¥ This section focuses on debt issued for treasury financing through market auctions.

? This literature includes, notably, works by Michael Bordo, Guillermo Calvo, Ricardo Hausmann, Alain Ize
Eduardo Levy-Yeyati, and Eric Parrado.

' Details on the stochastic properties of the data, co-integration relations; and diagnostic tests for the
regressions are illustrated in the technical appendix.
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v, =a(B)x, +¢"(B)0(B)n, (1)

where x, is a vector of independent variables (corresponding to the structural analysis) and
o(B) is the lag polynomial associated with them. ®"'(B) and 6(B) are polynomials associated
with autoregressive and moving average components, i.e. the time series analysis.

25. The estimates in Table 2 analyze dollarization of treasury market operations.
They use monthly data between 2000 and 2006, expressed in first differences. The dependent
variable is defined as the share of U.S. dollar denominated paper. The fiscal balance and NIR
are defined as percentages of GDP. The rate of exchange rate crawl is defined as the monthly
depreciation (appreciation) of the Boliviano. The yield differential captures the difference
between U.S. dollar- and Boliviano-denominated assets (which captures, in the short term,
measures like the wedge introduced by the financial transaction tax on U.S. dollar
portfolios). The U.S. dollar reserve requirement is the effective reserve requirement on U.S.
dollar deposits (it captures the marginal reserve requirement imposed on U.S. dollar deposits
since 2005).

26. The estimates suggest that macroeconomic fundamentals played a significant
role in reducing dedollarization, especially the fiscal balance and the exchange rate
policy. Improvements in the fiscal balance and appreciations of the Boliviano are statistically
significant and have the largest negative effects on the dollarization ratio. The international
reserve position also is statistically significant and has a negative effect on dollarization.
Finally, the estimates also show that a higher relative yield of portfolios in Bolivianos is also
statistically significant in explaining the evolution of debt dollarization, as is the reserve
requirement on U.S. dollar deposits.

27. The recent fiscal consolidation seems to have played a critical role in extending
the maturity structure as well. The estimates presented in Table 3 focus on the maturity
structure of treasury market paper. Average maturity is defined as maturity at issuance,
expressed in years. Inflation indexed bonds/total is the ratio of the stock of inflation-indexed
bonds over the total stock of treasury market paper. The long-term premium is defined as the
difference in yields of four-year bonds against one-year paper, which captures the premium
offered by the central bank at the inception of long-term paper in early 2000. The estimates
suggest that the fiscal stance is statistically significant in explaining a longer maturity
structure. The point estimates suggest that the impact of the fiscal stance on debt maturity is
economically relevant—an improvement of 1 percent of GDP in the fiscal balance would
increase the ratio of average maturity by about 172 months.
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Table 2. Dollarization of Treasury Market Operations
(All Variables in First Difference)

Dependent Variable: USD Paper/Total

Explanatory Variables Coefficients
USD Paper/Total (-1) 0.572609***
[7.241238]
Fiscal Balance (-12) -0.392786**
[2.189123]
Net International Reserves -0.345494***
[2.808580]
Rate of Crawling 0.633769*
[1.879026]
Yield Differential (-1) 0.178793*
[1.822459]
USD Reserve Requirement (-3) -1.021202**
[2.377128]
Constant -0.002242**
[2.059970]
Adjusted R? 0.670309
Number of observations 71
Mean of dependent variable -0.009592
Durbin-Watson statistic 1.957125
Serial Correlation LM Test (4 lags) 0.256727
(0.904439)
F-statistic 24.71998
(0.000000)

The table reports OLS estimation for the first difference of the ratio of USD paper/total, which stands for
the share of the stock of US dollar denominated Treasury paper on total Treasury paper. Absolute values
of t-statistics are in brackets. *, **, *** indicate 10, 5 and 1% of significance, respectively.

28. Debt management strategy has also played an important role in changing the
structure of Bolivia’s debt. As noted, the regression analysis includes a premium on long
term instruments (aiming at a steeper yield curve); and introducing inflation-indexed bonds
after a change in the legislation linked pension payments to inflation. The estimates in

Table 3 show that both the spread between long and short maturities, and the introduction of
inflation indexed bonds, are statistically significant in explaining changes in the maturity
structure.
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Table 3. Maturity Structure of Treasury Market Operations
(All variables in levels)

Dependent Variable: Average Maturity

Explanatory Variables Coefficients
Average Maturity (-1) 0.926960***
[50.05302]
Fiscal Balance (-12) 0.126300***
[4.940901]
Inflation-indexed Bonds/Total (-3) 0.027369***
[4.302932]
Long Term Premium (-3) 0.467604***
[5.610344]
Constant 0.025497***
[4.065238]
Moving Average Component (4) -0.552025***
[5.464450]
Adjusted R? 0.992761
Number of observations 72
Mean of dependent variable 0.406164
Durbin-Watson statistic 1.631396
Serial Correlation LM Test (4 lags) 1.506807
(0.211161)
F-statistic 1948.444
(0.000000)

The table reports OLS estimation for the average maturity at issuance of Treasury papers in Central
Bank’s weekly auctions. Absolute values of t-statistics are in brackets. *, **, *** indicate 10, 5 and 1% of
significance, respectively.

G. Conclusions

29. The profile of Bolivia’s domestic public debt has improved significantly in recent
years. Since the late 1990s, the stock of treasury market paper in domestic currency has
increased from 14 percent of the total to more than 70 percent. This has been achieved at the
cost of significant increases in inflation-indexed debt. However, since early 2006, the
authorities are successfully pursuing a de-indexation strategy. Meanwhile, the average
maturity of treasury bonds has lengthened from 68 weeks in 1998 to more than 210 weeks.

30. Together with the authorities’ debt management strategy, better macroeconomic
fundamentals have been critical in improving the profile of public debt. After going
through financial stress during 2000—-04—years in which the fiscal situation was highly
fragile and Bolivia experienced several bank runs—the macroeconomic fundamentals have
improved sharply, helped by a favorable international situation.
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31. Nonetheless, a comparison of Bolivia with other Latin American countries
suggests that there is still room for improvement. Excluding pension fund placements, the
average remaining maturity in Bolivia—at 2’2 years—is about half the average in the region.
Average maturity at issuance, though, is currently higher in Bolivia than in any other country
of the sample, with the exception of Perti, suggesting that Bolivia is gradually aligning its
debt structure with those in the region. As for dollarization, Bolivia’s domestic currency
composition of treasury paper is at the average in Latin America.

32. The econometric evidence suggests that, looking ahead, keeping a sound
macroeconomic environment is essential for further improvements in the debt profile.
Estimates based on transfer function models that combine structural and time series analysis
suggest that macroeconomic fundamentals—i.e., the fiscal and external positions—have
played a critical role both in extending maturities and in dedollarizing financial instruments.
A sound macroeconomic stance also seems essential for the authorities’ efforts towards
reducing indexation of the public debt.
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TECHNICAL APPENDIX

This technical appendix supports econometric estimates performed in section F of the
chapter. In particular, given that the chapter applies time series techniques, it focuses on
stochastic properties of the data and co-integration relations. It also defines precisely the
variables used in the chapter and shows diagnostic tests for the regressions performed in
section 6.

A. First estimation: dollarization of open market operations

1. Definition of variables and stochastic order

All variables are defined in monthly terms, with data between January 2000 and December
2006, a total of 94 observations. The variables are defined as follows:

= USD Paper / Total: Stock of US dollar denominated treasury papers / total treasury
papers, integrated of order 1 [I(1)].

= Fiscal Balance: Public sector fiscal balance / GDP. The series is I(1).

= Net International Reserves: Net international reserves (including RAL) / GDP. The
series is I(1).

= Rate of Crawling: monthly variation in nominal exchange rate, in percentage. The series
is I(1).

= Yield Differential: Interest on foreign currency saving deposits — Interest on local
currency saving deposits. The series is I(1).

= USD Reserve Requirement: Reserve requirement for deposits in foreign currency / Total
deposits in foreign currency. The series is [I(1)]

As all series used in the regression analysis are I(1), we decided to estimate the model for
dollarization of open market operations in first differences.

2. Serial Correlation LM Test

The Breusch-Godfrey Serial Correlation LM Test is shown below. The null hypothesis of
this test is that there is no serial correlation in the residuals up to the specified order (the table
below reports the F-statistic and the NR? statistic). We have tested the hypothesis of no serial
correlation up to order four. The tests indicate that the residuals are not serially correlated, i.e.
we can not reject the null hypothesis of no serial correlation.

Breusch-Godfrey Serial Correlation LM Test:

F-statistic 0.256727  Prob. F(4,60) 0.904439
Obs*R-squared 1.194728 Prob. Chi-Square(4) 0.878966
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3. Correlogram — Q-statistics

The autocorrelation and partial autocorrelation functions of the residuals are displayed
below, together with the Ljung-Box Q-statistics for high-order serial correlation. If
there is no serial correlation in the residuals, the autocorrelations and partial autocorrelations
at all lags should be nearly zero, and all Q-statistics should be insignificant with large p-
values. We show below that this is the case for the residuals in the first regression.

Autocorrelation Partial Correlation AL PAC (-5tat Prob
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B. Second Estimation: maturity structure of open market operations

1. Definition of variables and stochastic order

All variables are defined in monthly terms, with data between January 2000 and December
2006, a total of 94 observations. The variables are defined as follows:

= Average Maturity: Average maturity at issuance of treasury papers, in years. The series
is I(1).

= Fiscal Balance: Public sector fiscal balance / GDP. The series is I(1).

= Inflation Indexed Bonds/Total: Stock of inflation-indexed treasury bonds / Total
treasury bonds. The series is 1(2).

* Long Term Premium: Yield of 4-year bond — Yield of 1-year paper. The series is I(1).

2. Cointegration

As the series involved in this regression analysis involved different orders of integration,
we test for cointegration relations among them. Dolado (1999) and Granger (1990) show
that, regardless of the order of integration of individual variables; variables can show group-
wise integration that allows studying the relationship between variables in levels. The
unrestricted cointegration rank test below shows that we can reject the null hypothesis that
there is no cointegration vector linking the variables under analysis, allowing us to run
our model in levels.

Included observations: 81 after adjustments
Trend assumption: Linear deterministic trend
Series: MAT PSFB UFV PREM

Lags interval (in first differences): 1 to 2
Unrestricted Cointegration Rank Test (Trace)

Hypothesized Trace 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**
None * 0.256274 50.44860 47.85613 0.0280
At most 1 0.200578 26.46595 29.79707 0.1154
At most 2 0.096881 8.332786 15.49471 0.4305
At most 3 0.000972 0.078802 3.841466 0.7789

Trace test indicates 1 cointegrating egn(s) at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values
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3. Serial Correlation LM Test

The Breusch-Godfrey Serial Correlation LM Test shows that there is not serial correlation
in residuals up to the order four. This is because the table below shows that we can not reject
the null hypothesis of no serial correlation.

Breusch-Godfrey Serial Correlation LM Test:

F-statistic 1.506807 Prob. F(4,62) 0.211161
Obs*R-squared 6.345700 Prob. Chi-Square(4) 0.174776

4. Correlogram — Q-statistics

As with the first regression, the autocorrelation and partial autocorrelation functions of
the residuals shows that there is no serial correlation in the residuals.
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V. LONG-TERM MANAGEMENT OF HYDROCARBONS RESOURCES'
A. Introduction

1. Driven by high levels of foreign direct investment, the Bolivian natural gas
sector has undergone a major transformation in the past decade. Only in the last three
years natural gas exports have increased threefold and currently represent almost half of total
exports, accounting for about 15 percent of GDP. Domestic consumption of natural gas is
still relatively limited, but is expected to grow in coming years.

2. With the recent increase in natural gas royalties, Bolivia’s fiscal accounts have
moved towards a high degree of dependency on hydrocarbons-based revenue.
Hydrocarbons-related receipts (11 percent of GDP) represent about one-third of public-sector
revenue, up sharply from a few years ago. While the rise in export volumes and the energy
price environment have played a role, most of the increase in hydrocarbons-based revenue
has stemmed from changes in the legal framework for the sector. The Hydrocarbons Law of
2005 and the Nationalization Decree of 2006 have resulted in a much higher government
take. Since May 2007, under the new operating contracts with foreign energy companies,
such revenue is collected through Bolivia’s oil company (YPFB ).

3. The strength in hydrocarbons-based revenue is expected to continue for an
extended period given the level of reserves and expected additional investments in
production in the medium term. This is predicated on Bolivia’s energy-importing
neighbors’ interest in maintaining the level of natural gas purchases (Brazil) and/or raising
them significantly to address emerging energy bottlenecks (Argentina). Moreover, while
production is expected to increase, the information on reserves indicates that Bolivia can
count on this resource for the next 50-60 years, depending on the expansion of domestic
consumption and the continuation of exploration activities.

4. Accordingly, the availability of hydrocarbons resources poses policy issues not
only for the short/medium term’ but also for the long term. In particular, given the
magnitude of the proven and probable reserves of natural gas, and the expected production
path in the long run, it is important to design a long-term fiscal strategy for the optimal
management of these resources. Such a strategy should be consistent with a sustainable use
of hydrocarbons resources over a well-defined time horizon, striking an appropriate balance

! Prepared by Mario Mansilla.

? Royalties on natural gas production increased from 18 percent to 50 percent. Under the new operating
contracts recently put in place, revenue after royalties is subject to a distribution between YPFB and the service
operators, depending on an agreed schedule for each gas field, which depends mainly on investment costs. In
addition operating companies are subject to the corporate income tax.

? See Chapter I on Dutch disease issues in this volume.
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between current public policy objectives (notably, poverty reduction) and intergenerational
equity considerations.

3. This Chapter discusses possible strategies for the long-term management of
hydrocarbons resources. Based on an assessment of the outlook for the production and
prices of natural gas and crude oil, we derive alternative fiscal spending paths with different
degrees of sustainability. Such spending paths could be used by the authorities to calibrate
fiscal spending in a way that does not deplete the resources, or does so in a gradual manner,
allowing future generations to benefit from the country’s energy wealth. The remainder of
the Chapter is organized as follows: section B describes briefly the analytical principles
underlying the identified strategies; section C presents the main results of the baseline
estimates and some sensitivity calculations; and section D concludes.

B. Analytical Underpinnings

6. As other countries with large endowments of natural resources, Bolivia is
confronted with the challenge of managing the revenues derived from those resources
in a sustainable manner. An optimal long-term fiscal strategy needs to both plan for
cyclical swings and incorporate decisions regarding the life span for resource utilization. A
fiscal framework that explicitly spells out such decisions has the advantage of minimizing
the possibility of drastic policy reversals and their attendant adverse social consequences.
Therefore, Bolivia’s fiscal policy should aim at an appropriately calibrated use of energy
wealth over time.

7. The specification of long-term fiscal policy paths is underpinned by a partial
equilibrium model. In such a model, the government would set its expenditure levels so as
to maximize a social welfare function, on a permanent basis, subject to an intertemporal
budget constraint and a transversality condition, as follows:*

max i B -U(G,)

st.B,=(+r)-B_+G,-T,-Z,
lim B, =0

§—>0
Where, G represents the level of primary government expenditure, U(.) is a well-behaved
social welfare function and f is the intertemporal discount factor. B represents the stock of

debt while T and Z are non-hydrocarbons and hydrocarbons revenue, respectively. Assuming
S (1+r) = 1, the optimal solution is a constant level of G:

* This analysis is based on Barnett and Ossowski (2003).



69

(1Y
G =T+ -z[ )-Zt—r-Bt_l

1+7r S\ 1+7r

Which implies that the government’s optimal policy would be to set its primary expenditure
levels in such a way that the nonhydrocarbons deficit (i.e. G* — T +r. By) is equivalent to
the yield of the present value of the stream of hydrocarbons revenues until period N (when
the resource is depleted). From a permanent income hypothesis perspective, this result
supports a government behavior that aims at preserving the level of wealth provided by the
natural resource while spreading its benefits over time.

8. While this formulation assumes implicitly that the size of the nonhydrocarbons
economy is unchanged over time, lifting such assumption for the purpose of long-run
fiscal sustainability analysis can be easily implemented with similar results. Specifically,
the optimal level of primary government spending as a share of nonhydrocarbons GDP
would be:’

t-1

-— N —
g*=r+r 7 I+y .Zg_r Y
I+r l+r) ° 1+y

s=t

Where y is the rate of growth of the non-hydrocarbons GDP, and all other low case variables

have the same meaning as before but are expressed as a share of non-hydrocarbons GDP.

C. Sustainable Fiscal Position and Sensitivity Analysis

9. This section presents baseline simulations of a sustainable fiscal policy for
Bolivia under the framework outlined above. The outcome of the exercise is a level of
nonhydrocarbons primary deficit that is sustainable in the sense that, taking into account its
projected hydrocarbons-generated revenue, the net asset position of the public sector
converges to a stable level over the long term. In addition, several sensitivity exercises are
conducted to test the possible reaction of the main results to changes in exogenous variables.
Finally, an exercise for different paths of hydrocarbons-financed fiscal spending that could
serve a medium term policy guide is also shown.

> See Leigh and Olters (2006).
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Box: Main Baseline Assumptions

Volumes and prices of natural gas. Identical to those in the baseline medium-
term macroframework scenarios presented in the staff report. Production levels
are assumed constant after 2012. The assumed long-run oil price is US$50 per
barrel and natural gas prices move in tandem with oil prices.

Hydrocarbons reserves. Using the latest official estimates for 2005 as the
initial base, a path is derived based on actual and projected production flows.
Reserves are risk-weighted by an assumed probability of successful
exploitation, applying a 100 percent weight to proven reserves, 60 percent to
probable reserves, and 20 percent to possible reserves.

Basic parameters. Nonhydrocarbons GDP growth () = 2.5 percent.

Nonhydrocarbons revenue (7 ) = 23 percent of nonhydrocarbons GDP. Real
interest rate (r) = 5 percent. The tax take on hydrocarbons = 50 percent of

US$/mmcf

production.
Figure 1. Hydrocarbons: Volumes of Production and Prices
20 70 80
160 ol N1 _
15 Gas, mmmcm/day
(right scale) 150
60 |
> 1
© 1
2 1 40 E o , * Gas, US$/mmef
g 10 . E ;% 501 | (rightsCale) = = = = = = = = &
7] E 17, 1]
c
S +30 E > g
E E Oil, USS$/bbls
40 (left scale)
I
ol + 20 R
30 - - -+
+ 10
Oil, mmbbls/year
(left scale)
o———+——+1o ————
2002 2012 2022 2032 2042 2002 2012 2022 2032 2042

Source: Fund Staff calculations.



71

10. A key ingredient for the calculation of the sustainable fiscal position is that, at
the expected production levels, the current reserves of natural gas would last for

52 years.® Full utilization by the public sector of these resources while reserves last would
imply a nonhydrocarbons primary deficit of 8”4 percent of nonhydrocarbons GDP (about
7Y percent of total GDP), with an average overall fiscal surplus of 4/ percent of
nonhydrocarbons GDP (about 4 percent of total GDP). However, such a fiscal strategy would
result in a deteriorating net asset position over the long term. In contrast, the calculations
suggest that, if consumption of those resources were spread over the long-term—say, over
the next 100 years—the net asset position would stabilize following an initial phase of asset
build-up. To this end, the public sector nonhydrocarbons primary deficit would have to be a
little under 6 percent of the nonhydrocarbons GDP (about 5% percent of GDP), and the
average overall fiscal surplus would be 5% percent of nonhydrocarbons GDP.” This more
sustainable fiscal path implies keeping primary spending at around 29 percent of the
nonhydrocarbons GDP, about 1'% percentage points lower than in 2006.

11.  Maintaining a sustainable level of nonhydrocarbon primary deficit would be
consistent with declining overall fiscal surpluses during the next century. This fiscal
position would allow for a continuous accumulation of net public assets (i.e., the net public

debt would be

. Figure 2. Sustainable Primary Balances and Net Assets
negative) for the next 9 o

(In percent of nonhydrocarbons GDP)
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(Figures 2 and 3).

6 Although crude oil production is not negligible, most of hydrocarbons revenues in Bolivia are derived from
natural gas production. Oil reserves estimated as at end-2005 imply that they could last beyond the end of this
century.

7 For the purpose of this chapter the “long-term” horizon is assumed to be 100 years.
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Figure 3. Baseline Sustainable Fiscal Aggregates
(In percent of Nonhydrocarbons GDP)
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12. To analyze the sensitivity of these results to exogenous shocks, optimistic and
pessimistic scenarios have been assumed for four key variables: long terms oil and
natural gas prices, interest rates, real nonhydrocarbons GDP growth, and
hydrocarbons reserves. The results are intuitive: negative permanent shocks imply that
smaller levels of the nonhydrocarbons fiscal deficit are needed, and vice versa. For instance,
oil prices at a 40 percent lower level than baseline would require a permanent adjustment of
1 percentage points of nonhydrocarbons GDP to the nonhydrocarbons deficit. Conversely,
long-term oil prices in the range of US$70 dollars would make deficits 1% percentage points
higher than the baseline sustainable. In the event of lower nonhydrocarbons GDP growth, the
sustainable nonhydrocarbons fiscal deficit turns is lower in nominal terms, but higher as a
share of GDP (Tablel).

Table 1. Sensitivity Analysis of the Sustainable Non-hydrocarbons Primary Deficit

(In percent of Nonhydrocarbons GDP)

Low Baseline High
Long-term crude oil prices 4.2 5.7 7.3
Real interest rate 3.1 5.7 7.0
Non-hydrocarbons GDP growth 9.1 5.7 2.3
Hydrocarbons reserves 5.0 5.7 6.0
Source: Fund staff estimates
13. The evolution of the stock of net public assets is also sensitive to exogenous

shocks. Negative shocks lead to lower accumulation of net assets and therefore the
sustainable spending path turns out lower. For instance, under the low oil prices simulation,
the stock of net assets in percent of nonhydrocarbons GDP would be 50 percentage points
lower than baseline at its peak. The path of the stock of net assets is also sensitive to the
assumption on reserves. Departing from the baseline assumption about hydrocarbons
reserves—which uses a risk-weighted average—and assuming that only proven reserves
would come into production, leads to an accumulation of net public assets that would peak
about 20 years earlier (i.e., natural gas production would stop after 30 years) and therefore to
lower sustainable spending. Similarly, if proven, probable, and possible reserves were all
confirmed and viable at 100 percent of the current estimates, then net asset accumulation
would last for about 25 years beyond the baseline result. (Figure 4)

14. These sensitivity results imply that, if the fiscal authorities adopted a rule that
maintained a constant level of spending, they would need to continuously assess the
nature of exogenous shocks that might hit the economy. To the extent that such shocks
were of a transitory nature, the fiscal impact could be managed with minimal departures from
the targeted level of spending. However, if such shocks were permanent, the overall fiscal
strategy would have to be adjusted.
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Figure 4. Net Assets Sensitivity to Exogenous Oil shocks
(In percent of nonhydrocarbons GDP)
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Hydrocarbons Revenue as a Reserve Fund

15. To complement the results from the optimization model, additional simulations
have been performed looking more narrowly at the durability of hydrocarbons wealth
as a revenue source. The present value of the flow of hydrocarbons revenues under baseline
assumptions for the next 50+ years—the country’s wealth from this resource—is equivalent
to about US$30 billion, roughly three times the 2006 GDP. To proceed with this additional
exercise, this present value treated as a financial asset that needs to be managed by fiscal
authorities.

16. The path for use of hydrocarbons resources can be devised by fiscal authorities
in several ways. Under permanent income principles, the authorities could follow a
utilization profile that keeps the endowment constant forever. In the baseline case, this would
lead to a sustainable use of about 12 billion bolivianos per year, which would correspond to a
decreasing spending path in proportion of the GDP, from 13 percent to 1 percent of the GDP
per year over the next 100 years. The authorities could also opt for a constant level of
spending out hydrocarbons resources in percent of GDP; such sustainable spending would be
about 6% percent of nonhydrocarbons GDP (about 6 percent of total GDP) per year

(Figure 5).

Figure 5. Sustainable Hydrocarbons- Financed Spending
(In percent of Nonhydrocarbons GDP)
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17. Alternatively, the authorities might consider preferable to exhaust the country’s
endowment within a predetermined period of time. ® In that case, the path of fiscal
spending from the hydrocarbons wealth would vary widely, depending on the chosen
timeframe. Under baseline parameters, a constant spending of hydrocarbons resources of 7%
percent on nonhydrocarbons GDP (about 6% percent of total GDP) per year would be
sustainable for 100 years, while a spending level of 12': percent of nonhydrocarbons GDP
(about 11% percent of total GDP) would deplete the endowment in about 30 years (Figure 6).

Figure 6. Alternative Profiles of Hydrocarbons-Financed Spending
with Fund Depletion
(In percent of Nonhydrocarbons GDP)
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D. Concluding Remarks

18. Bolivia has seen substantial changes in its hydrocarbons sector over the past
decade, with far-reaching impacts on its economy, and now faces the challenge of
managing optimally the enlarged fiscal envelope derived from hydrocarbons resources.
Optimal rules suggest that, for intergenerational equity considerations, and to forestall the
need for sudden policy reversals in the event of adverse shocks, the fiscal authorities should
implement a long-term strategy that spreads the benefits from the hydrocarbons resources
over a long period of time. The endowment from hydrocarbons, estimated at about

US$30 billion, is significant and its benefits can be extended well beyond the depletion of the
existing reserves of natural gas (50+ years at the expected production rates).

¥ Such a strategy needs to be considered in the context of the necessary macroeconomic stability.
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19. Baseline estimations suggest that the use of hydrocarbons resources implied by
the current and projected fiscal stance are broadly sustainable from an
intergenerational equity perspective. Specifically, if the national objective were to use
hydrocarbons resources for about 100 years, the 2006 nonhydrocarbons deficit would be
about right. However, a reduction of 1-1.5 percent of GDP in public sector spending
compared to 2006 would be required to put the use of hydrocarbons on a permanently
sustainable level. The fiscal authorities could take advantage of the current environment to
set long term goals for the use of the country’s endowment and adopt mechanisms to enforce
and manage the resources optimally. International experience in this area points to the
establishment of stabilization funds and fiscal rules that help guide the overall fiscal policy,
especially give then potential for permanent adverse exogenous shocks to the economy.’

? See Davis et.al. (2003) for the operational implications and effectiveness of nonrenewable resource funds.
Capra and Evia (2007) discuss possible scenarios for the implementation of a reserve fund in Bolivia.
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