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Infrastructure in Developing and Transition Countries:
Risk and Protection

Paul K. Freeman1! and Georg Ch. Pflug1,2

This article examines two possible strategies for financing post-disaster infrastructure rehabil-
itation in developing and transition countries: relying on ex ante financing instruments (includ-
ing insurance, catastrophe bonds, and other risk-transfer instruments) and ex post borrowing
or credit. Insurance and other ex ante instruments will increase a country’s stability, espe-
cially if the government authorities have a difficult time borrowing or otherwise raising funds
after a major disaster; however, these instruments have an opportunity cost and can reduce
the country’s economic growth potential. The cost-benefit tradeoff is therefore one between
economic growth through infrastructure investment and added solvency and stability for the
economy. This article develops a model to illustrate this tradeoff. The model, which views
the infrastructure of a developing or transition country as a nondiversifiable portfolio that
generates returns, can provide a basis for evaluating alternative financing options depending
on the country’s objectives in terms of growth, solvency, and stability.
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1. INTRODUCTION

With increasing frequency, natural disasters are
destroying infrastructure essential to economic de-
velopment in developing and transition countries. As
described by Munich Re,(1,2) in comparison to the
decade of the 1960s, the frequency of severe natural
catastrophes has increased by a factor of three and the
direct economic costs have increased by a factor of
nine. Although the direct damages of approximately
$70 billion a year from natural disasters seem evenly
split between the developed and developing (includ-
ing transition) countries, the per capita impact on the
developing or transition countries is nearly 20 times
as great as in the developed world.
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Concern about these costs has generated con-
siderable activity in the international development
community. The United Nations declared the 1990s
the International Decade of Natural Disaster Reduc-
tion. The World bank created the Disaster Manage-
ment Facility to direct the bank’s responses to disas-
ter losses. Each of these organizations has spawned
a series of activities focused on natural disasters and
developing and transition countries.

In most countries, reconstruction of damaged in-
frastructure is financed by post-event measures. These
measures usually include increased borrowing or di-
version of existing budgeted funds to finance recon-
struction. The World Bank has provided $14 billion
in post-natural-disaster reconstruction financing dur-
ing the past 20 years.(3) This is nearly 250% of the
amount provided for reconstruction work following
civil disturbances.

During the past decade, the scientific under-
standing of the causes and consequences of natural
catastrophes has dramatically improved. Models to
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estimate the frequency and severity of catastrophic
events have been coupled with techniques to mea-
sure the vulnerability of capital stock to catastrophe
losses. This has not only improved the probability es-
timates of natural catastrophes, but also of the poten-
tial consequences of these events. Although sophisti-
cated modeling of both the nature and costs of natural
catastrophes exists for developed countries, little re-
liable data on the risks of natural catastrophes has
been developed for developing and transition coun-
tries. Further, in the developed world, the tool used
for complex financial planning to absorb the costs of
catastrophes is modeling. Today, insurance absorbs
more than half of the economic losses from natural
catastrophes in the developed world. Also, the use of
catastrophe-insurance-related tools has been increas-
ing significantly in recent years. In contrast, less than
2% of losses from natural disasters are insured in the
developing world.

Ex ante financial planning for natural disaster re-
construction financing does not practically take place
today as a result of a wide-ranging number of factors.
Among those is the lack of theory to support ex ante
risk transfer for a country. This article develops a the-
ory for countries based on the behavior characteris-
tics of insurance companies. The premise is simple.
Developing countries own a portfolio of assets neces-
sary to sustain economic growth. Among those assets
is publicly owned infrastructure. From these assets, an
expected annual return is anticipated. The assets are
in geographically defined regions and subject to loss
from natural disaster events. This loss between assets
is a correlated loss. Assuming that solvency and stabil-
ity are the objective of the policymakers, ex ante risk
transfer is more efficient than ex post reconstruction
financing. Solvency is the ability to meet all payment
obligations within the observation period. Although
countries do not go bankrupt, insolvency causes tur-
moil and should be avoided. Stability refers to a pre-
dictable growth path without ups and downs of the
economic development, expressed, for example, in
GDP (see Section 4.1).

The article proceeds along the following path.
Section 2 describes a developing or transition coun-
try’s portfolio of infrastructure assets. The section
draws a parallel between the portfolio of infrastruc-
ture assets owned by a developing or transition coun-
try and the portfolio of insurance policies owned by
a geographically constrained insurance company. It
suggests that a country may benefit from reducing the
variance of its portfolio through risk transfer, just like
a small insurance company. Section 3 outlines the risk

of loss to the portfolio described in Section 2. Section 4
describes a model to measure the benefit of risk trans-
fer for the infrastructure portfolio. Section 4.1 posits
two objectives, solvency and stability, to evaluate the
optimum behavior of a developing or transition coun-
try. These two constraints are those classically im-
posed to evaluate risk transfer decision processes. Sec-
tion 5 reports the simulation results. Finally, Section 6
draws policy conclusions. The Appendix details the
mathematical specifications for the model and the im-
pact of correlated risk on a portfolio of assets.

2. THE PORTFOLIO OF PUBLIC
INFRASTRUCTURE

In what follows we compare the benefits of risk
transfer versus ex post reconstruction financing for
developing and transition countries. A useful starting
place is to examine why private entities in the devel-
oped world engage in risk transfer for catastrophes.
The answer to this problem lies in understanding the
distinctive nature of catastrophic risk.

Catastrophic risk is typified by its low frequency
and high severity. The high severity of damage results
from the correlation of damages in a geographically
defined region. If an earthquake occurs, it will gen-
erally cause damage to all property within its prox-
imity. Floods and windstorms have similar character-
istics: they tend to cause damage to most property
within a geographically defined region. For insurance
companies, this causes a particularly difficult prob-
lem. Because of the law of large numbers, insurance
works best for frequent independent risks with rela-
tively small damage per event.(4) Geographically con-
strained insurance companies cannot reduce the risk
in their portfolio of insurance policies by adding more
policies, which would be the outcome if the law of
large numbers worked to their benefit. Rather, they
reduce the risk of their portfolio of insurance policies
by purchasing reinsurance that acts as a hedge for
their accumulated portfolio risk. In fact, the biggest
purchasers of catastrophe reinsurance in relationship
to their capital base are smaller capitalized, geograph-
ically constrained insurers.(5)

This behavior of the small, geographically con-
strained insurance companies is consistent with port-
folio theory of risk spreading. The theory would ad-
vise the insurance company to reduce the variance of
the risk of its portfolio by adding negatively correlated
risk to its portfolio. By so doing, it reduces the vari-
ance of its whole portfolio. This article will explore
these phenomena in more detail later.
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Can we learn anything from this behavior of small
insurance companies that may be helpful in address-
ing the desirability of risk transfer for developing and
transition countries? This article argues that govern-
ments of developing and transition countries “own” a
portfolio of risk with peculiar characteristics that may
benefit from risk transfer.

3. THE RISK OF INFRASTRUCTURE LOSS

Most developing and transition country gov-
ernments own a large portion of the infrastructure
needed for their development.(3) Depending on the
size of the country, its exposure to natural hazard loss,
and its stock of infrastructure, losses from natural haz-
ards impacting the country can cause significant loss
to the infrastructure stock. Annually, approximately
U.S. $20 billion of infrastructure is lost from natural
catastrophic events.(6) Since a catastrophe could im-
pact a significant portion of the infrastructure within a
country, the losses to the infrastructure are correlated.
In this sense, a geographically constrained country is
similar to a small, geographically limited insurance
company. Is there a portfolio strategy available that
will reduce its exposure?

The portfolio of loss to the infrastructure of a de-
veloping or transition country has some distinctive
characteristics. The portfolio consists of fixed assets.
Once in place, infrastructure, like most real property
assets, tends to be permanent. The investment in the
infrastructure is presumed to have a fixed rate of re-
turn over the life of the asset. The rate of return is
generally based on a cost-benefit analysis made at the
time of the original investment decision. The World
Bank estimates the infrastructure projects for which it
has provided financing have annually earned on aver-
age 17% of the cost of the project.(3) The infrastruc-
ture is exposed to damage loss, either from natural
disasters, civil disruption, or lack of proper mainte-
nance. Portfolio theory generally applies where the
total amount available for investment is known, but
the rate of return on the assets is unknown. Portfolio
theory explains how to maximize the rate of return
within defined constraints. The primary planning tool
is changing the individual assets owned in the port-
folio. With a portfolio composed of correlated assets,
maximizing return at reduced risk is aided by adding
to the portfolio assets with return characteristics that
are not correlated to the return characteristics of the
existing portfolio.

The portfolio strategy to deal with the risk of
loss of the infrastructure of a developing or transi-

tion country is different. This portfolio consists of a
set of assets that are expected to create a predeter-
mined rate of return. The risk is in the loss of the
asset base through damage by natural catastrophe.
The asset base is geographically fixed. The risk of loss
from natural catastrophes is correlated both tempo-
rally and spatially, as subsequent sections of the article
will detail. The portfolio strategy is aimed at reducing
the risk of loss from natural catastrophes to infras-
tructure and preserving the expected return from the
infrastructure investment.

4. DESIGN OF THE MODEL

For purposes of this article, we assume a coun-
try with an initial infrastructure base of 100. The
infrastructure depreciates over a 30-year period. An-
nually, the country has the ability to borrow an
amount equal to 10% of its existing infrastructure
base. This assumption captures the ability of a country,
based on existing economic performance, to increase
external borrowing related to infrastructure. The ad-
ditional borrowing can be used for one of three pur-
poses: add new infrastructure, replace damaged in-
frastructure lost through natural catastrophic events,
or purchase risk-transfer protection for the existing
infrastructure. This assumption is based on existing
experience with developing and transition countries
and how they finance losses from natural catastro-
phes. Some studies suggest that a portion of new loans
for developing countries are made to replace lost in-
frastructure, and that previously approved loans are
diverted to pay for losses.(7) Generally, the new and
diverted credits are structured to remain within a per-
ceived borrowing limit for a country based on its ex-
isting economic performance. We arbitrarily assume
that the perceived borrowing limit for infrastructure
purposes is 10% of the existing level of infrastructure.

The assumed interest rate for all borrowing is
8%, which is a blended rate of the average of 17%
now paid by developing countries on commercially
issued sovereign debt and the much lower conces-
sional interest rate on borrowing for developing and
transition countries from international development
banks. Deutsche Bank estimates that the blended rate
for developing countries for all borrowing is 8–9%.(8)

Principal and interest on all borrowing is amortized
over a 10-year period. It is assumed that the rate of re-
turn on the infrastructure investment is 15%, whether
existing or new infrastructure. This is slightly lower
than the average return of 17% returned on existing
World Bank infrastructure projects. It is assumed that
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the infrastructure is subject to risk of loss of 25% of
total infrastructure once every 25 years (a 4% event).
It is assumed that risk transfer to cover a full 25%
loss of infrastructure can be purchased at a rate equal
to 1.25% of the infrastructure. This rate represents
the risk rate of 1% (equivalent to the event likeli-
hood multiplied by the size) and an expected return
to the professional risk taker equivalent 25% of the
risk rate. Under current pricing for catastrophe risk
transfer, this rate would be very high.(9)

With these assumptions in mind, we propose the
following structure of a model to address policy op-
tions to deal with the cost of catastrophes.

1. The total value of the infrastructure owned
by the government in the country under con-
sideration in year t is I(t). Infrastructure de-
preciates at a rate of d. A catastrophic event
may destroy the fraction !(t) of infrastructure,
where ! is a random variable.

2. The strategy of the government is to take ev-
ery year 100 w% of the previous year’s value
of infrastructure as loans. This amount is in-
vested in infrastructure.

3. The loans have to be paid back with fixed an-
nuities within 10 years and interest rate of q.

4. The yearly return R(t) is 100 v% of the value
of the infrastructure.

5. The government may purchase an insurance
that covers damages up to 100 !max% of the in-
frastructure in year t. The risk premium is " . If
the infrastructure is insured, then damages up
to 100 !max of the infrastructure value are fully
insured. If the damage exceeds this threshold,
only the insured part (that is exactly 100 !max
of the infrastructure value) is reconstructed.

4.1. Solvency and Stability

Why should the government prefer insurance
over ex post financing? As we will argue and illus-
trate in a numeric example, insurance increases two
desired properties of the economic development path:
solvency and stability.

Solvency is the ability to fulfill payment obliga-
tions. We propose probability to be able to fulfill the
payment obligations within the considered period as a
measure of solvency risk.

Stability refers to the property of constant growth.
An economy that grows steadily at a predictable rate
is more attractive to foreign investors than an econ-
omy that grows at the same rate but for which the
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Fig. 1. An unstable path and its nearest stable path.

growth values fluctuate and exhibit negative growth
in some years.

We measure the instability of an economy by an
instability index, which is defined as follows: if G(t) is a
path of an economic quantity, like GNP, tax revenue,
or net income, let G̃(t) be the path that is closest to
G(t) and has constant growth. To be more precise we
define:

G̃(t) = exp(a + bt),

where the constants a and b are chosen such that the
distance

T
!

t=1

[log G(t) # log G̃(t)]2 (1)

is minimized. To put it differently, log G̃(·) is the linear
regression line associated to the data (t, log G(t)), t =
1, . . . , T. We call the minimal value in Equation (1)
the instability index of G(·). Notice that the instability
index is zero if the path G(t) has constant growth. It
increases with the fluctuations of the growth values
G(t+1)#G(t)

G(t) of the path.
As an illustration Fig. 1 shows an unstable path

and its nearest stable (= constant growth path). The
instability index of this path is the (squared) distance
between the two curves.

5. THE SIMULATION RESULTS

The model described above and specified in de-
tail in the Appendix was simulated for 30 years using
1,000 random trajectories.
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Fig. 2. Thirty typical paths of the profit R(t) # O(t) over 30 years
with no insurance. The thick line represents the nominal path (no
event path).

Denoting the returns from infrastructure gener-
ated in year t as R(t) and the payments for annuities
and insurance as O(t) the net profits are R(t) # O(t).

Figs. 2 and 3 show an important tradeoff with in-
surance: stability and solvency are increased but at the
price of a slightly lower mean growth. These figures
demonstrate typical sample paths, but not how likely
these paths are. To gain an insight on the probabilistic
structure, we have plotted the probability distribu-
tion of net profit for Year 15 (see Fig. 5). To visualize

0 5 10 15 20 25 30
!5

0

5

10

15

20

25

30

35

40

Fig. 3. Thirty typical paths of the profit R(t) # O(t) over 30 years
with insurance. The thick line represents the nominal path (no event
path).
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Fig. 4. Visualization of random distributions using a box plot.

selected parameters of the probability distribution,
we use a box plot with specifications as set out in
Fig. 4.

Fig. 5 shows that with insurance the probability
distribution of the net profit becomes more concen-
trated: the extremes (high and very low profit) disap-
pear and the range of possible values becomes smaller.
To put it differently, insurance makes the profit more
predictable.

We also calculated the solvency and instability
index for this example. Recall that solvency is defined
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Fig. 5. The probability distributions of profit in Year 15 without
insurance (solid line) and with insurance (dashed line), and box
plots. The box plots at the bottom visualize the characteristics of
the distributions.
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Fig. 6. The distribution of the instability index without insurance
(solid line) and with insurance (dashed line), and box plots. The box
plots at the bottom visualize the characteristics of the distributions.

as the probability that all financial obligations can be
fulfilled within the 30 years period.

No Insurance With Insurance

Solvency 94.5% 100.0%

The instability index (see Section 4.1) varies from
path to path. We show in Fig. 6 the distribution of
this index in the two cases (without insurance and
with insurance). It is evident from this picture that
instability decreases considerably with insurance.

The results are not surprising. It is well known
that risk transfer by insurance decreases variability
and uncertainty at the price of reduced expected
return.(11,12) We have introduced the notion of stabil-
ity and defined a stability index to quantify this effect.
A similar effect is the increase in solvency. Also, sol-
vency can be quantified and put in relation with the
costs of a reduced growth in the case of no event.

6. POLICY CONCLUSIONS

We have presented a portfolio model for infras-
tructure investment and protection for developing
and transition countries. Our emphasis was on show-
ing the effect of ex ante risk transfer on a country’s
solvency and stability.

Our approach considers insurance instruments as
a means to improve a government’s solvency and sta-
bility. Our analysis provides two broad policy conclu-

sions. Risk transfer incurs cost in the current period,
which reduces funds available for other uses. The clas-
sic question is whether the current cost and lost po-
tential returns are justified. As this exercise suggests, a
benefit is the increased stability of performance within
a narrower range. Risk transfer reduces volatility of
performance at the cost of potentially higher overall
performance. This is intuitively obvious. For a devel-
oping country, the issue is whether guaranteeing min-
imal economic performance (i.e., earning sufficient
income to guarantee interest payment on externally
incurred debt) outweighs the potential loss of some
economic performance. The modeling provides a ba-
sis for evaluating the alternative options based on the
desired mix of policy outcomes. A second general con-
clusion is not one the authors have seen explored else-
where. Because of the correlated nature of the risk of
damage to infrastructure, the addition of more infras-
tructure in the same region increases the variability of
loss for the whole portfolio of infrastructure assets. If
the risk was not correlated, the addition of new infras-
tructure would decrease variability through the law of
large numbers. This conclusion could have significant
policy implications. It would mean that the more in-
frastructure that is in place, the greater is the benefit
of risk transfer.

Related work was done by McKellar et al.(13,14)

but with the focus on the question of how a lending
institution like the World Bank can anticipate catas-
trophic events in its policy in order to guarantee (at
least to a certain extent) stability of growth.

APPENDIX

Mathematical Specification

In this section, we present the equations of the
model following the notation given in Section 4 of the
text.

(a) The total value of the infrastructure owned by
the government in year t is I(t). Every year, an
amount of L(t) is borrowed and invested in the
infrastructure. Infrastructure depreciates at a rate
of d. In addition, a (random) catastrophic event
may destroy a fraction !(t) of infrastructure.
The system equation for infrastructure is

I(t) = (1 # !(t))[(1 # d)I(t # 1) + L(t)]. (A1)

(b) Every year the government borrows 100 w% of
the previous year’s value of infrastructure.

L(t) = w · I(t # 1). (A2)
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(c) The loans have to be paid back with fixed annu-
ities within 10 years and interest rate of q. There-
fore, a loan of L in year t requires payments of
f · L in years t + 1, t + 2, . . . , t + 10, where

f =
"

1
1 + q

+ 1
(1 + q)2 + · · · + 1

(1 + q)10

##1

= q
1 # (1/(1 + q))10 .

(d) The yearly return R(t) is 100 v% of the value of
the infrastructure.

R(t) = v · I(t). (A3)

(e) The government may purchase insurance that
covers damages up to 100 !max% of the infras-
tructure in year t for a price of

p(t) = [(1 # d)I(t # 1) + L(t)]

$ E[min(!(t), !max)](1 + " ),

where " is the risk premium.

The outpayment (annuities) to be paid in year t is

O(t) = f
t#1
!

s=t#10

L(s). (A4)

If the infrastructure is insured, then damages up to
100 !max of the infrastructure value are fully insured.
If the damage exceeds this threshold, only the insured
part (that is, exactly 100 !max of the infrastructure
value) is reconstructed.

If insurance was purchased, the distribution of the
(noninsured) damage is

!̄(t) =
$

0 if !(t) % !max

!(t) # !max if !(t) > !max

In the case of insurance, Equation (A1) has to be re-
placed by

I(t) = (1 # !̄(t))[(1 # d)I(t # 1) + L(t)] (A1&)

and because the insurance premium has to be paid,
the payment Equation (A4) changes to

O(t) = f
t#1
!

s=t#10

L(s) + p(t). (A4&)

The model in the noninsured situation follows Equa-
tions (A1), (A2), (A3), and (A5), whereas the in-
sured situation is described by Equations (A1&), (A2&),
(A3&), and (A4&).

To summarize, introducing c = E[min(!, !max)]
(1 + " ) and g = (1 # d + w) we have introduced the
following set of equations:

In the case of no insurance:

I(t) = (1 # !(t)) · g · I(t # 1)

R(t) = v · I(t)

O(t) = f · w
t#2
!

s=t#11

I(s)

In the case of insurance:

I(t) = (1 # !̄(t)) · g · I(t # 1)

R(t) = v · I(t)

O(t) = c · gI(t # 1) + f · w
t#2
!

s=t#11

I(s)

Parameter Specification

The following parameter settings were used in the
simulation:

Symbol Meaning Value

I(0) value of infra-structure in year 0 100
d depreciation of infrastructure 0.033
q interest rate 0.08
v yearly return on infrastructure 0.15
w borrowing limit in relation to

existing infrastructure 0.10
!max fraction of insurable infrastructure 0.25
" risk premium for insurance 0.25

The distribution of ! is specified in the next section.

The Random Damage Model

The damage caused by natural catastrophes is cor-
related in time and space. Temporal correlation for all
hazards, eq. earthquakes is a phenomenon observed
by earth scientists, when disasters appear in a clus-
tered way (see, for instance, data collected for U.S.
windstorms(15)). In this section, we describe the model
used to account for these correlations.

Let, in year t, N(t) be the number of items (build-
ings, bridges, kilometers of streets, railroads, pipelines
etc.) in the infrastructure portfolio. For simplicity, as-
sume that each item has a value of V.
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There is a random catastrophic event process with
values 0 or 1. #(t) = 0 means that in year t, there
is no event, whereas #(t) = 1 means that an event
occurs.

To account for temporal correlation, we model
# as a homogeneos Markov chain with the following
transitions:

P(#(t + 1) = 0 | #(t) = 0) = 1 # p(1 # $)

P(#(t + 1) = 1 | #(t) = 0) = p(1 # $)

P(#(t + 1) = 0 | #(t) = 1) = (1 # p)(1 # $)

P(#(t + 1) = 1 | #(t) = 1) = 1 # (1 # p)(1 # $)

(A5)

Here, 0 % p % 1 and 0 % $ % 1 are two parameters. It
is easily seen that for a stationary chain, P(# = 1) = p
and that $ is the correlation between #(t) and #(t # 1).

The spatial correlation of the damage is taken into
account by considering the following model for the
damage for item i of our infrastructure portfolio in a
specific year t.

If an event happens (#(t) = 1), the damage to
item i in the infrastructure portfolio is Yi (t). Because
of the spatial correlation, these random variables are
not independent: there is an individual independent
risk of damage Zi (t) to which each item i in the in-
frastructure portfolio is subject. However, with some
probability r, the damage equals a common damage
Z0(t) (catastrophic event, which because of spatial
structure hits more items at the same time), i.e., for
1 % i % N,

Yi (t) =
$

Z0(t) with probability r

Zi (t) with probability (1 # r)

Assume that all Zi (t) and Z0(t) are independent
for all i and t and have the same distribution. Then
Corr(Yi (t), Yj (t)) = r2, for i '= j . The Yj (t) are inde-
pendent, if r = 0.

Denote by%i (t) the switch variable P{%i (t) = 1} =
1 # P{%i (t) = 0} = r .

Since the value of the portfolio in year t is
V · N(t), the relative damage to the portfolio in
year t is

!(t) =

%

&

'

1
V·N(t)

(N(t)
i=1 Yi (t) if #(t) = 1

0 if #(t) = 0.

Notice that

!(t) = #(t)
1

V · N(t)

)

N(t)
!

i=1

Zi (1 # %i (t)) + Z0(t)%i (t)

*

= #(t)

)

1
V · N(t)

N(t)
!

i=1

Zi (t)(1 # %i (t))

+ 1
V

Z0(t)
1

N(t)

N(t)
!

i=1

%i (t)

*

.

By the law of large numbers, as N(t) grows to infinity,
we get the following limit expression:

!(t) = #(t)
"

1
V

E[Zi (t)](1 # r) + 1
V

Z0(t)r
#

.

Therefore we rewrite the model:

!(t) = #(t)[E(&(t))(1 # r) + r&(t)],

where &(t) = 1
V Z0(t) is a sequence of independent

random variables with values in [0,1], which indicate
the relative size of the damage in the case of an event.

In particular, the following specification is used:

Symbol Meaning Value

p the event probability 0.04
$ the temporal event correlation 0.05
r the spatial damage correlation 0.6
& the relative damage per event Unif[.0,.5]

In case of an event, the distribution of the relative loss
! is Uniform [0.1, 0.4], since this is the distribution of
[E(&)(1 # r) + r · &].

The expected insured loss is E(min(!(t), !max)). In
our parameter setting, the value is 0.04(0.175 · 0.5 +
0.25 · 0.5) = 0.0085.
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