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ABSTRACT

Exploration activities in Pakistan, as in many other 
oil importing developing countries, failed to increase 
following the oil shocks of 19 70s, but instead significantly 
increased only after oil prices dropped in early 1980s. A 
number of studies confirm that exploration in the 19 70s was 
greater in the developed countries, particularly in the 
United States and Canada, than in developing countries. 
Private investment shied away from developing countries 
because of their lack of infrastructure, inadequate 
contractural arrangements, high degree of political risk, 
and a failure to reach agreement on terms.

This paper analyzes the various factors responsible 
for this seemingly contrary behavior in Pakistan. A number 
of factors such as geologic promise, infrastructure, 
government policies, political risk, and company perceptions 
about future changes in these factors have been analyzed. An 
econometric model has been developed for Pakistan, using 
a modified version of Broadman1s (1985) methodology.

Our finding reveals that exploration activities in 
Pakistan are highly dependent on geologic promise, wellhead 
oil prices, and contractual arrangements. Apparently, 
neither political risk nor lack of infrastructure have 
deterred foreign investors, thus mitigating the claim of

i i i
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other studies.
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Chapter 1 
INTRODUCTION

The rise in energy prices in the early 1970s had a 
devastating effect on economic growth, inflation, and the 
balance of trade for many oil-importing developed and 
developing countries. The consequences have been 
particularly severe for developing countries whose economies 
are highly dependent on imported energy. In Pakistan, for 
instance, the value of oil imports (in constant 1985 U.S.$) 
rose from U.S.$298 million in 1973 to U.S.$2,163 million in 
1981, the year oil prices peaked, and fell to U.S.$702 
million in 1986, the year oil prices tumbled (see figure 
1 .1 ).

Although Pakistan and many other developing countries 
have the type of sedimentary basins often associated with 
oil and gas resources, exploration in most of these 
developing countries did not increase significantly in 
response to the economic inducement of higher oil prices 
after the first oil shock of 1973. Instead, more than 50 
percent of world exploration after 1973 occurred in North 
America. Exploration activity in rest of the world was less 
in the late 1970s and early 1980s than it was before the oil 
price shocks (see table 1.1). The lack of response by 
developing countries is documented in studies by Blitzer
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Figure 1.1 Value of Oil Imports in Pakistan, 1973-88
Sources: Various issues of Pakistan Statistics, and

International Financial Statistics. IMF, 1989.
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Table 1.1
Free World Petroleum Geophysical Exploration

(crew months)

Zone 1970 1975 1980 1985 1987
USA 2,521 3,687 4,962 3,494 1,561

(35.0) (51.3) (57.9) (47.3) (37.7)
Canada 806 597 695 899 382

(U.2) (8.3) (8.1) (12.2) (9.2)
Latin 1,052 790 645 751 586
America (14.6) (10.9) (7.5) (10.2) (14.2)
Western 725 679 569 756 435
Europe (10.1) (9.5) (6.6) (10.2) (10.5)
Africa 802 676 688 581 346

(U.l) (9.4) (8.0) (7.8) (7.1)
Middle 286 306 346 347 295
East (3.9) (4.2) (4.1) (4.7) (7.1)
Asia 1,009 440 520 560 522

(14.0) (6.1) (6.1) (7.6) (12.6)

7,201 7,185 8,565 7,388 4, 142

Note : Numbers in parentheses are percentages.
Sources : Society of Exploration Geophysicists, Annual 

Reports.
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(1983), Broadman (1985), Favre and Le Leuch (1981),
Grossling and Neilsen (1985), McLin (1986), and institutions 
like the World Bank (1980, 1983), the U.S. Treasury (1980, 
1981), and National Petroleum Council (1982).

Figure 1.2 traces exploration trends in Pakistan. 
Activity increased slowly after 1973 (when 50 percent of it 
was carried out by the state-owned company), and suprisingly 
failed to accelerate until the oil price drop of the early 
1980s. This apparently contrary behavior is true not only 
for Pakistan, but for other developing countries as well.
The studies previously mentioned show that exploration 
efforts in the United States responded positively with the 
prices.

This unusual behavior in Pakistan has provided an 
opportunity to assess the forces that stimulated exploration 
activities in Pakistan after 1981 but hindered exploration 
prior to 1981 when oil prices were at the peak level. Do 
government policies really matter? Or do the most recent 
discoveries act as inducements for foreign oil companies?
How far is instability of the country responsible for such 
behavior? Has there been any change in host government 
behavior (in terms of fiscal policies)? Such questions are 
examined in the chapters that follow.
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Figure 1.2 Exploration Trends in Pakistan, 1973-1988
Source : AAPG, various issues ; Report 0GDC chairman,

Symposium of Petroleum Exploration and Production 
in Developing Countries. July, 1983 ; Pakistan 
Energy Year Book.
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1.1 Purpose, Scope, and Methodology
The research for these chapters is undertaken in the 

belief that six factors--geologic potential, cost, 
government policies, prices, political risk, and company 
perceptions about future changes in these factors--dominate 
private company investment decisions about exploration 
activities in developing countries.

The analysis is selective. Analyzing exploration trends 
in all developing countries would be a difficult task, and 
probably confusing. The focus here will be on exploration 
trends in Pakistan. The period of study, 1947 to 1988, was 
chosen largely because of the availability of data. However, 
the primary objective is to analyze exploration trends after 
the oil shock of 1973.

To assess exploration in Pakistan, the basic model 
includes constraints, such as geologic promise, expected 
costs, government policies, prices, and political risk.
These five will be used as independent variables. The 
importance of each variable will be examined in later 
chapters. The ones that are found insignificant will be 
dropped.
EXPt = f(geologic promise, expected cost, government 

policies, prices, political risk) 
where: EXPt = number of exploratory wells drilled in year t

The model and estimation procedure will be discussed in
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detail in chapter 4.

1.2 Sources of Information
Collecting data for a country like Pakistan is a 

difficult task. It comes together in bits and pieces. The 
data on exploratory wells, development wells, seismic 
surveys, production, value of imports, manufacturing sector 
as a percentage share of gross domestic product, and 
wellhead oil prices were obtained from the Pakistan Energy 
Book ; Pakistan Statistical Year Book ; Petroconsultants of 
Geneva, Switzerland ; annual reports of the Society of 
Exploration Geophysicists ; various issues of Oil and Gas 
Journal : Twentieth Century Petroleum Statistics 1988 ; and 
and American Association of Petroleum Geologists. Government 
policies and concession agreements are from Pakistan 
Petroleum (Production) Rules 1949, and Petroleum 
(Exploration and Production) Rules 1986, and the Model of 
Petroleum Concession Agreement.

1.3 Organization
Other authors have examined world oil exploration 

trends. The relevant literature is reviewed in chapter 2. 
Chapter 3 analyzes the exploration trends in Pakistan under 
different political and economic conditions. Chapter 4 
develops the econometric model estimation. Chapter 5
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presents the analysis of results. Finally, chapter 6 
contains the summary and conclusions.
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Chapter 2 
WORLD EXPLORATION TRENDS

There is a widespread perception that the pace of oil 
exploration and development in less developed countries 
(LDCs) was not as extensive as might have been expected 
during the 1970s. Instead most of the exploration activities 
were concentrated in the developed countries, particularly 
the United States and Canada. In this chapter, first we 
shall briefly present the pattern of worldwide distribution 
of oil reserves and prospective areas of sedimentary basins. 
Second, we shall review the various studies confirming that 
oil exploration and development has shied away from LDCs 
towards industralized countries, the United States in 
particular. Finally, we shall analyze the possible 
justification given by various experts for the slow response 
of exploration in the LDCs when oil prices increased.

Table 2.1 reports estimated proved crude oil reserves 
from 1970 to 1985. During these fifteen years, world crude 
oil reserves increased from 530.53 to 699.81 billion 
barrels, an increase of 31.78 percent. More than 55 percent 
of the total are located in the Middle East, and another 20 
to 22 percent are in other LDCs. Despite large new reserves 
in Alaska total reserves in the North America have fallen. 
The United States and Canada together registered declines in
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Table 2.1
Estimated Proved Reserves of Crude Oil 

Annually As of January 1 
(in billions of barrels)

Region 1970 1975 1980 1985
United States 
and Canada

38.25
(7.21)

41.42
(5.81)

33.80
(5.27)

35.52
(5.07)

Latin America 29. 17 
(5.49)

40.57
(5.69)

56.47
(8.79)

83. 31 
(11.90)

Middle East 333.51
(62.86)

403.85
(56.68)

361.94 
(56.36)

398.38 
(56.92)

Africa 54.67 
(10.30)

68. 29 
(9.58)

57.07
(8.88)

55.92
(7.93)

Asia 13. 13 
(2.47)

21.04 
(2.95)

19.35
(3.01)

18.50
(2.64)

W. Europe 1.77
(0.33)

25.81
(3.62)

23.81
(3.65)

24. 42 
(3.49)

Centrally
Planned
Economies

60.00
(11.31)

111.40 
(15.63)

90.00
(14.01)

84. 10 
(12.02)

Total World 530.53 712.42 642.17 699.81

Note : Numbers 
reserves 

Source : Basic
in parentheses 
of crude oil 

Petroleum Data
are percentage share of proved 

in the world.
Book, Petroleum Industry

Statistics; American 
D .C ., (vol. 9 n o . 3)

Petroleum 
, Septembe

Institute, 
r , 1989

Washington
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crude oil reserves from 38.25 billion barrels in 19 70 to 
35.52 in 1985.

The 1980 World Energy Conference survey (based on 1980 
estimates) indicates that some 600 sedimentary basins have 
been identified around the globe. So far, in only 26.6 
percent of them has exploration led to the discovery of 
hydrocarbon deposits. Two hundred and forty basins have been 
partially explored without as yet any economic deposit being 
found. Another 200 basins have remained untouched. No doubt 
many of the unexplored basins are located in hostile and 
remote areas that are hard to access. But it is also true 
that a large proportion of these partially or totally 
unexplored sedimentary basins fall within the boundaries of 
developing countries.

Table 2.2 shows the prospective area of sedimentary 
basins worldwide. Of the total 74,201,000 sq km of 
sedimentary basins, 38 percent lie in the boundaries of 
developing countries (excluding the Middle East). Despite 
this, most of the developing countries so endowed import all 
or a major portion of their petroleum supplies. In spite of 
the favorable distribution for LDCs, the world pattern of 
investment in petroleum exploration during the past decade 
has been in favor of developed countries.
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Table 2.2
Approximate Prospective Area of Sedimentary Basins

Region
1
Prospective 
[ 1 ,000 sq km)

Onshore 
(1,000 sq km)

Of f shore 
( 1,000 sq km)

USA 8 ,033 6,604 1,429

Canada 4,895 3,084 1,811

Latin
America

7,459 4,843 2,616

Europe 4,600 2,844 1,756

USSR 14,300 10,000 4,300

M . East 3,471 2, 152 1,319

S & SE 
Asia

8 , 236 3,705 4,531

China 2,383 1 ,787 596

Japan 570 80 490

Australia 
and N .Z .

6,320 4,424 1,896

Africa 13,026 11,725 1,303

Antarctia 906 0 906

Total World 74,201 51,248 22,953

Source : Petroleum Exploration Strategies in Developing
Countries, 1983. United Nations, Natural Resources
and Energy Division.
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2.1 Exploration Efforts
Determining the level of exploration activity is a 

difficult task, as many developing countries do not report 
statistics on exploration (therefore data are extracted 
using other indirect sources). One of the best ways to 
determine exploration activity is to estimate the annual 
cost of such operations, but data for that estimate are 
almost impossible to get. Most analysts make estimates on 
information such as the number of exploratory wells ; number 
of party-months of seismic surveys ; footage; number of 
active rigs ; number of development wells ; and investments. 
Broadman ( 1985) used two important measures : the number of 
exploratory wells drilled and the number of seismic 
party-months.

Broadman# s data show that in about 50 percent of the 
developing countries under study there were fewer seismic 
party-months and exploratory wells drilled from 1979 to 1982 
than from 1970 to 1973. Only Argentina, Brazil, Colombia, 
and Egypt maintained their levels of exploration during both 
periods. Angola, Malaysia, Papua New Guinea, and Senegal 
experienced dramatic declines in 1979 to 1982 compared with 
1970 to 1973. Pakistan, Tunisia, Cameroon, and Bangladash, 
among others, showed sizable increases during the later 
period.

Similar findings were reported by Grossling and Nielsen
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(1985) using total number of wells instead of exploratory 
wells (i.e., exploratory plus development wells). Table 2.3 
shows the data on the distribution of the total drilling and 
total seismic efforts during 1973 to 1980. They found that 
during this period, the greater percentage of total drilling 
and onshore seismic work is greatly concentrated in 
developed countries as compare to LDCs.

Favre and Le Leuch (1981) show that in the developing 
countries, exploration efforts, both seismic prospecting and 
drilling, remained about the same in the 1970-1974 and 
1975-1979 periods. The data in table 2.4 indicate that 
during the 1970s exploration activities mostly occurred in 
developed countries and particularly in the North America. 
After the oil shock of 1973, both seismic prospecting and 
number of exploratory wells drilled in North America 
increased substantially. For example, seismic prospecting in 
North America increased from 52.2 percent in 1970-1974 to
59.7 percent in 1975-1979 ; for exploratory wells, activity 
increased from 86.6 percent to 89.5 percent. Developing 
countries, on the other hand, recorded a downward trend.
Both party-months and exploratory wells during the above 
periods declined from 35.5 to 29.7 percent and 10.3 to 7.6 
percent, respectively.

Blitzer (1983) also showed that oil and gas exploration 
and development was concentrated in industralized countries,
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Table 2.3
Worldwide Relative Distribution of Total Drilling 

and Onshore Seismic Efforts 
( 1973-1980)

Region Number of
(Wells/sq mi)

Seismic 
(km/sq mi)

Drilling
(%)

Seismic
(%)

USA 0.8875 1.8666 72.80 41.50
USSR 0. 1644 0.9871 15.11 24.60
Canada 0.1023 0.4785 5. 10 6.40
W . Europe 0.0402 0.5387 1.48 5.40
L. America 0.0258 0.2192 3.27 7.50
Japan 0.0255 0.0374 0.14 0. 10
China 0.0173 0.1134 0.50 0.90
M . East 0.0092 0.2934 0.33 2.80
SE Asia 0.0086 0.1247 0.72 2.80
Africa & 
Madagascar 0.0035 0.1925 0.47 6.90
Australia & 
N.Z 0.0013 0.0561 0.08 1.0

100.00 100.00

Source : In Search of Oil. B.F. Grossling, and D.T. Nielsen, 
1985.
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Table 2.4
Estimate of World Exploration Efforts

Zone Party-months Seismic Exploratory Wells
1970-74 1976-79 1970-74 1975-79

Developed 21,000 26,500 48,800 64,650
Countries (64.5) (70.3) (89.7) (92.4)
North 17,000 22,500 47,100 62,650
America (52.2) (59.7) (86.6) (89.5)
Other 4,000 4,000 1,700 2,000
Countries (12.3) (10.6) (3.1) (2.9)
Developing 11,600 11,200 5,574 5,338
Countries (35.5) (29.7) (10.3) (7.6)
OPEC 4,600 4,650 2,431 2,377

(14.1) (12.3) (4.5) (3.4)
Non-OPEC 3,050 2,925 1,374 1,227
Exporters (9.3) (7.8) (2.5) (1.8)
Non-OPEC 2,800 2,825 1,510 1,492
Producers (8.6) (7.5) (2.8) (2.1)
Others 1,150 800 259 242

(3.5) (2.1) (0.5) (0.3)
Total3 32,600 37,700 54,374 69,988

a: Outside of centrally planned economies, and
excluding a few countries for which data are not 
available (Afghanistan, Burma, India, and Syria) 

Note : Numbers in parentheses are percentage share of
respective regions in the total number of seismic 
and exploratory wells in the world (excluding a). 

Source : Estimates are from J .H . Favre and F.M. Le Leuch, 
Petroleum Exploration Trends in the Developing 
Countries. 1982.
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the United States in particular, rather then in LDCs. Table
2.5 shows data on exploratory wells drilled in 1972 and 
1980. During these years exploratory wells drilled increased 
from 10,652 in 1972 to 17,405 in 1980. United States and 
Canada together accounted for more than 80 percent in 1972 
and 90 percent in 1980. It is surprising that exploratory 
drilling in LDCs was essentially stagnant. The relative 
share of oil-importing developing countries (OIDC) and oil- 
exporting developing countries (OEDC) declined from 3.4 to
2.8 percent and from 6.7 to 3.7 percent, respectively, while 
exploratory drilling in OEDCs declined in absolute terms as 
well.

Several other studies by such institutions as the World 
Bank (1980, 1983), the U.S. Treasury (1980, 1981), and the 
National Petroleum Council (1982) also confirm that the 
distribution of investment resources in oil and gas 
worldwide is not in proportion to the distribution of 
reserves or production. Rather, a disproportionately large 
share of investment is undertaken in the developed 
countries.

To understand the reasons why exploration efforts 
declined in LDCs after the oil shock of 1973, Broadman 
(1985) points out that most LDCs lack risk capital and 
indigeneous expertise and must rely on foreign investors. 
High dependence on LDCs on foreign investors forces us to
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Table 2.5 
Exploratory Wells Drilled

Region 1972 1980

United States & 9, 266 15,773
Canada (86.98) (90.62)
North Sea 72 157
Countries (0.68) (0.90)
Other Developed 243 348
Countries (2.28) (2.00)
Middle East 70 75
Oil Exporters (0.66) (0.43)
Asian Oil 178 227
Exporters (1.67) (1.30)
Asian Oil 70 120
Importers (0.66) (0.69)
African Oil 182 163
Exporters (1.71) (0.94)
African Oil 25 43
Importers (0.23) (0.25)
W. Hemisphere Oil 282 171
Exporters (2.65) (0.98)
W. Hemisphere Oil 264 328
Importers (2.48) (1.88)
World Total 10,652 17,405

Note : Numbers in parentheses are percentage share in world
total.

Source : Charles R ♦ Blitzer, 1983 "Overcoming the oil
exploration gap in developing countries", Energy 
Laboratory and Department of Economics, School of 
Management Center for International Studies, MIT.
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analyze their behavior. What are the factors that are likely 
to influence their investment decisions in LDCs? Why were 
they reluctant to invest in the most favorable geological 
area of LDCs especially when oil prices were at peak level? 
What are other possible obstacles that hinder exploration in 
LDCs?

2.2 Profit Motivation
Oil companies, like other business organizations, are 

motivated by opportunities to make profits. They will invest 
where there are significant possibilities of finding 
economically producible oil or gas and sound prospects of 
earning a return on developable resources commensurate with 
the investment and risk. Their choices of activities are 
most likely to be influenced by combinations of (1) the 
specific technology and expertise at their disposal, (2)
geologic information available to them, and (3) their 
assessment of rewards and risk. They are not likely to 
participate in propositions that offer high risk and 
restricted opportunities for profit.

One credible argument is that private oil companies are 
reluctant to invest in LDCs because of higher exploration, 
drilling and production costs, and the high likelihood that 
most discoveries will be of modest size. This is the 
standard explanation provided by the oil companies. A number
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of previous reports have detailed private company views ; for 
example, see Exxon (1978, 1982), National Petroleum Council
(1982), Ball and Kaufman (1981), Ghadar (1982), and U.S. 
Treasury (1980).

The data analyzed by Blitzer (1983) refuted these 
claims, and indicate that exploration in the LDCs is neither 
more risky geologically, nor more expensive per barrel of 
reserves addition than the average elsewhere. In fact, 
institutional and political factors appear to be the primary 
cause of the marked imbalance.

Blitzer (1983) also concluded that more exploration has 
not occurred in LDCs because of the inability of these 
countries and the foreign suppliers of technology and risk 
capital to agree on mutually acceptable terms. Oil companies 
typically argue that the LDCs in question do not provide an 
attractive investment climate. Developing countries, in 
turn, have argued that oil companies demand unreasonable 
returns because of their monopoly power.

It is also contended that many LDCs face several 
handicaps in attracting foreign, private capital for 
petroleum development. Some of them can be considered 
beyond the control of the governments (e.g., inexperienced 
administrators, lack of trained personnel, and poor 
infrastructure). However, other handicaps are domestic 
government policies that discourage private investment
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(e.g., high taxes, restrictive foreign exchange policies, 
and arbitrary pricing).

Our previous survey revealed that exploration efforts 
skewed towards developed countries when oil prices were at 
peak levels. High oil prices made previously submarginal 
deposits economically viable and also induced companies to 
use secondary methods to extract the remaining oil from 
high-cost deposits in most developed countries. Higher 
prices meant higher exploration costs and higher taxes, 
royalties, and rents in LDCs, and greater chances of 
political risk if major discoveries were made. The LDCs were 
expected to capture much of the price windfall to help 
reduce the macroeconomic problems associated with high oil 
prices. This perception has restricted investments by major 
private oil companies when oil prices were high. Figure 2.1 
summarizes this argument.

When oil prices decreased in the 1980s, exploration 
efforts declined in developed countries and accelerated in 
the LDCs, in relative terms. This finding reflects the fact 
that many deposits in developed countries become uneconomic 
when oil prices droped and attention turned to more 
geologically favorable areas in developing countries.
The investment climate is yet another factor that has 
restricted exploration efforts in LDCs. There are three 
elements to political risk : (1) nature of contracts offered
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Figure 2.1 

Responses to Price Increases

Price Increases

Exploration Industry
- Horizon levels

drop
- Activity shrinks
- Profits reduce

Exploration Industry
- Horizons expand
- Profits improve
- Activity levels increase

Host Government
- Taxes increase
- Royalties increase
- Rents, etc., increase
- Personnel costs increase
- Supplies and services 

costs increase

Source : Obtained from Dr. Derek A. Fee, 1988, "The key 
strategic factors in determination a petroleum 
exploration strategy, OPEC Review, pp. 323-332.
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by the host government, i.e., who bears the risk, and how
cost and revenue will be shared ; (2) foreign exchange,
income taxes, and royalties, and ( 3 )  terms of 
renegotiation.

Private companies also complain that many LDCs keep 
prime acreage for the state oil companies and offer less 
promising tracts to foreign companies. This policy is still 
practiced by Argentina, Bangladash, Bolivia, Brazil, Chile, 
India, the Philippines, Pakistan, and such industralized 
countries as Canada and Norway.

Broadman argues that even if a country is blessed with 
petroleum resources, exploration could be constrained if 
investors perceived that they would face a high degree of 
political risk.
Political risk = f (political instability, tension,

conflicts among groups, unexpected turmoil)
Parra (1982) mentions some obstacles to exploration in 

LDCs, such as violent political upheaval, border disputes, 
unacceptability of foreign companies, inadequate legal 
framework, inappropriate exploration and production 
agreements, acreage monopoly, and political risks.

2.3 Summary
When oil prices peaked in the early 1970s, exploration 

activities occurred mostly in developed countries,

ARTHUR LAKES LIBRARY 
COLORADO SCHOOL of MINES 
fiOLDEN. COLORADO 80*01
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particularly the United States and Canada. Exploration 
declined in many developing countries. One of the reasons 
for the decline was the lack of available risk capital. 
Since foreign oil companies seek to maximize profit, they 
become reluctant to undertake investment in countries if 
they perceive political or other risks. Many companies have 
argued that developing countries fail to provide an 
attractive investment climate. Developing countries, in 
turn, have argued that oil companies demand unreasonable 
returns because of their monopoly power.

The issues addressed will be applied specifically to 
Pakistan in chapter 3.
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Chapter 3 
EXPLORATION TRENDS IN PAKISTAN

In this chapter we will analyze the exploration trends 
in Pakistan over the last forty-two years. These trends will 
be analyzed in three periods, 1947 to 1960, 1961 to 1972, 
and 1973 to 1988. During the first period, soon after 
Pakistan came into being (1947), the country was confronted 
with the task of initial development. The country was 
politically unstable, and within the span of eleven years 
(1948-1958) the government changed hands six times. The 
second era is 1961 to 1972, chosen because in October 1961, 
the government set up the Oil and Gas Development 
Corporation (OGDC) with Russian collaboration. Finally, the 
third period is 1973 to 1988, during which the world 
witnessed two positive oil shocks followed by the negative 
shock in 1986. In the early 1970s, Russian experts left the 
country and exploration activities were carried out by 
nationals. Technology was also updated in the same period.

3.1 Exploration Trends, 1947 to 1960
The first phase of oil exploration dates from the 

independence of Pakistan, August 14, 1947, and ended in 
1960. At first the country faced enormous problems of 
rehabilitation and reconstruction. Planning a strategy for
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oil exploration was postponed until 1949 when the government 
introduced new petroleum concession rules based on the 
British colonial model (but with enhancement of financial 
terms and of powers reserved to government).

After the promulgation of these rules, the Burmah Oil 
Company formed a rupee company as Pakistan Petroleum Ltd. 
(PPL) and Attock Oil Company transferred its exploratory 
activities to Pakistan Oilfield Ltd. (POL), the parent 
companies holding a 70 percent share and the government of 
Pakistan and private capital sharing the remaining 30 
percent,

Pakistan Petroleum discovered a giant gas field in 1952 
at Sui in Baluchistan. This discovery and tax concessions 
generated immense interest in exploration. Five major 
foreign oil companies--Standard-Vacuum, Hunt International, 
Shell Oil, Sun Oil, and Pak-Tidewater--entered into joint 
ventures with the government and commenced extensive 
exploration.

These companies carried out extensive geological and 
geophysical surveys and drilled 48 exploratory and 27 
development wells. Based on these surveys, 33 structures 
were tested. From 1947 to 1960, 7 gas fields and one small 
oil field were discovered. The success rate (oil and gas 
discoveries/total no. of exploratory wells) varied between 
9 and 100 percent. Table 3.1 details footage, number of
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Table 3.1
Summary of Exploration Activities 

1947-1960

Year Footage
drilled

No. of 
Private 

Co.
Seismic
party-
months

Production 
(000 

barrels)
Success
Ratio
(%)

Active
Rigs

1947 6,021 2 8.5 382 0.0 1
1948 7,652 2 7.2 579 0.0 1
1949 5,463 2 5 . 5 941 0.0 1
1950 6,800 2 8.7 1,281 0.0 1
1951 13,910 2 11.5 1,348 0.0 1
1952 11,020 3 14.0 1,580 33.0 2
1953 6,609 3 17.5 1,762 0.0 2
1954 9,271 3 20.5 1 ,945 100.0 2
1955 10,525 4 18.5 2,068 50.0 3
1956 42,135 5 41.5 2,118 12.5 2
1957 62,208 6 50.0 2,200 11.0 4
1958 91,474 7 48.0 2,272 9.0 3
1959 71,697 7 43.5 2,333 14.0 3
1960 8,596 7 20.5 2,636 0.0 3

Source : AAPG, various issues ; Report of OGDC chairman,
Symposium on Petroleum Exploration and Production 
in Developing Countries, July, 1983; Pakistan 
Energy Year Book.
Success Ratio = Number of oil and gas discoveries/ 
total number of exploratory wells drilled in year t
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foreign companies, seismic party-months, active rigs, and 
production of oil during this period. Figure 3.1 traces the 
exploration trends during 1947 to 1960, in terms of 
exploratory wells and seismic party-months. Both measures 
shows an increasing trends and attain their respective 
highest levels in 1958 and 1957, when 11 exploratory wells 
and 50 seismic parth-months were carried out. Despite the 
great effort, results were generally discouraging (from the 
point-of-view of foreign companies, as only one small oil 
field was discovered during this period) and exploration 
activity declined in 1959 and 1960.

It is worth mentioning that exploration activities in 
Pakistan were not constrained by the remoteness of the 
location (where basic infrastructure like roads, houses, 
water, electricity, and infrastructure required for gas was 
not available) nor by instability of the government. 
Exploration activities declined only because the companies 
failed to discover oil fields.

3.2 Exploration Trends, 1961 to 1972
With the failures of the 1950s, several foreign 

geophysical contracting companies terminated operations. 
Most companies engaged in exploration reduced or 
relinquished land holdings in 1961. To revive exploration 
the Pakistan government signed a long-term loan agreement
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Figure 3.1 Exploration Trends in Pakistan, 1947-1960
Source : AAPG, various issues ; Report OGDC chairman,

Symposium of Petroleum Exploration and Production in 
Developing Countries, July, 1983 ; Pakistan Energy 
Year Book.
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with the USSR, whereby Pakistan was to receive $30 million 
to finance oil prospecting. In October 1961 the government 
set up the Oil and Gas Development Corporation (OGDC). The 
OGDC received financial support, technical assistance, and 
Russian advisors. The Russians also supplied seismic, 
gravity, and magnetic equipment to the OGDC.

OGDC started surveying the 30,000 sq miles under the 
auspices of Russian geologists in late 1961 and carried out 
extensive geological and geophysical surveys. They were 
engaged in 52 party-months that consisted of geological, 
gravity, seismic, and magnetic surveys. The reduction of 
exploration efforts by most private companies was offset by 
the OGDC, so that overall, exploration activity in 1962 was 
slightly above the activity of 1961.

During the 1960s OGDC remained the dominant operator in 
petroleum exploration. After great effort, OGDC at last 
succeeded in discovering 2 oil fields in 1968. Following 
these discoveries, Pakistan Shell Co. renewed its 
exploratory activity after a 5-year absence. Eleven 
companies applied for exploration licenses including 
Amoco, Pakistan Exploration, Marathon, Oceanic Petroleum, 
Tenneco, and Wintershell A.G.

The period 1961 to 1972 was dominated by the activities 
of OGDC. PPL and POL continued limited exploration. 
Exploration activities during this period are summarized in
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table 3.2. Forty-two exploratory wells were drilled at an 
average of 3.5 wells per year and 2 oil and several gas 
fields were discovered. The success rate varied between 20 
to 100 percent. The success of OGDC in 1968 induced oil 
companies to resume their exploration in Pakistan, and it 
also encouraged new investors. Figure 3.2 traces the 
exploration activities during this period, in terms of 
number of exploratory wells drilled and seismic 
party-months. The figure shows that drilling follows seismic 
activities i.e., drilling only take place, once the 
geological and geophysical surveys completed. Both measures 
fluctuate throughout the period.

3.3 Exploration Trends, 1973 to 1988
The final phase, 1973-1988, began with a series of 

political and economic setbacks that touched a hallmark in 
the mid-1970s. After the war with India in 1971, the Soviet 
experts left Pakistan, and all phases of exploration had to 
be handled by Pakistani experts. It was soon felt that OGDC 
had been equipped with outdated technology inappropriate for 
the complex geological conditions in Pakistan.

A comprehensive program was formulated to acquire 
modern technology from the West. Three seismic parties, a 
data processing system, and financial assistance were 
acquired from Canada. Other allied equipment and two other
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Table 3.2
Summary of Exploration Activities 

1961-1972

Year Footage
drilled

Seismic
party-
months

Production 
(000 

barrels)
Success
Ratio
<%)

No. of 
Private 

Co.
Active
Rigs

1961 7,343 9.5 2,829 0 6 3
1962 4,732 17.0 3,338 0 5 3
1963 25,001 19.2 3,514 20 3 2
1964 18,916 24.0 3,732 100 3 2
1965 16,493 32.8 3,943 33 3 2
1966 6,335 31.0 3,445 25 3 1
1967 14,554 4.0 3,633 0 3 2
1968 19,986 4.0 3,305 83 3 1
1969 22,962 4.0 3,460 0 4 4
1970 1,941 23.0 3,400 0 4 4
1971 8,000 5.0 3,000 50 4 3
1972 26,203 31.0 3,294 0 5 3

Sources : AAPG, various issues; Report of OGDC chairman,
Symposium on Petroleum Exploration and Production 
in Developing Countries, July, 1983; Pakistan 
Energy Year Book.
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seismic parties were imported from France. In 197 3, 4
deep drilling rigs were imported from the United States, and
one from Romania.

After modernization, OGDC intensified its exploration 
effort. Both geologic and seismic surveys were undertaken in 
the potential regions. As a result of these efforts, Kolhar 
gas, Pirkoh gas fields (1977, Baluchistan), and Dhadok 
condensate field (1976, Punjab) were discovered. The 
discovery of a condensate field was important, as it is the 
only significant quantity of hydrocarbon found outside the 
Potwar oil field area. The discovery of the condensate 
field, and the amendments to the petroleum regulations that 
became effective in 1976 acted as an inducement to foreign 
oil companies. Texas Gulf applied for additional acreage, 
while Huston Oil and Minerals, Occidental, Murphy, Gulf, and 
others showed considerable interest.

Despite the above facts, exploration in Pakistan failed 
to respond to the economic inducement brought by high oil 
prices in 1970s. Figure 3.3 traces the exploration trends in 
Pakistan from 1973 to 1988, in terms of number of 
exploratory wells and seismic activities. It is evident that 
exploration activities in terms of both measures did 
increase following the oil shock of 1973, but exploratory 
drilling (which leads to discovery) did not increase as 
expected until 1981, despite higher seismic efforts. The
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figure also indicate that exploration efforts in 
Pakistan increased significantly in 1980s, when world oil 
prices declined as compared to 1970s when oil prices were at 
the peak level. High imported oil prices put severe pressure 
on the country’s balance of payments, and the current 
account deficit rose from U.S.$939 in 1972 to U.S.$4,056 
million in 1982 (1985 dollars). In order to reduce import 
dependence, the Pakistan government began taking steps to 
increase foreign participation in its resource development. 
To attract more foreign companies, the government increased 
incentives to private investors in terms of exemption of 
export and sales tax, import duty, and provided economic 
guarantees (freedom to transfer profit out of the country). 
The result of these efforts was a notable addition to the 
list of foreign investors.

However, exploratory drilling did not accelerate until 
1981, the year in which the first oil field was discovered 
in the Lower Indus Basin (Sind), thus refuting the old 
concept that Sind was favorable only for gas. Following 
this discovery, both exploratory and development drilling 
increased substantially.

During the early 1980s, exploration efforts worldwide 
began to slow down as a result of declining oil prices. The 
Pakistan government, eager to attain self-sufficiency, 
quickly reacted and adopted flexible policies to maintain
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the momentum of exploration. To attract foreign investors 
Pakistan offered them a "fair market price," the C&F Karachi 
imported crude oil price. At the same time the government 
also offered attractive gas prices that were now linked to 
international price of furnace oil. As a result, foreign oil 
companies are now being paid at the rate of $1.5 per MCF 
(million cubic feet) aganist the previous price of Rs: 13 
per MCF (exchange rate $1 = Rs: 22). These incentives and 
high success rates (see table 3.3) induced foreign companies 
to continue their efforts.

In short, exploration efforts in Pakistan accelerated 
after the first oil discovery in 1981 in Sind, which had 
until then been considered a gas prone area. From 1982 to 
1988, 116 exploratory wells were drilled at an average rate 
of 16 wells per year. Twenty oil fields, 14 gas fields, and 
3 condensate fields were discovered at an average success 
rate of 1:3.5 (or 32 percent). A summary of oil, gas, and 
condensate discoveries since 1947 for both OGDC and foreign 
oil companies is presented in appendix A.

3.4 Summary
In Pakistan, exploration efforts have always 

increased after discoveries, even in the face of political 
instability and poor infrastructure. On the other hand, 
exploration activities slowed down when foreign companies
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Table 3.3
Summary of Exploration Activities 

1973-1988

Year Footage
drilled

Seismic
party-
months

Production 
(000 

barrels)
Success
Ratio
(%)

No of 
Private 

Co .
Active
Rigs

1973 12,920 18.0 2,871 50 4 10
1974 25,901 39.0 2 , 923 0 5 9
1975 48,666 82.0 2,190 0 5 5
1976 15,303 48.0 2 , 562 50 5 5
1977 19,773 48.0 3,720 33 5 10
1978 22,531 37.0 3,491 0 5 13
1979 33,271 82.0 3,827 0 7 15
1980 19,823 87.0 3 , 366 10 12 14
1981 94,559 81.5 3,377 33 12 18
1982 41,201 77.4 4,636 0 12 17
1983 1,69,241 72.0 4,763 25 15 17
1984 1,99,978 61.2 6,535 100 16 17
1985 2,33,576 80.7 12,585 100 16 17
1986 1,77,016 89.4 15,076 95 18 19
1987 1,85,037 101.5 15,234 100 22 26
1988 2,28,021 97.6 15,580 25 22 24

Sources : AAPG, various issues ; Report of OGDC chairman,
Symposium on Petroleum Exploration and Production 
in Developing Countries, July, 1983; Pakistan 
Energy Year Book.
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failed to discover oil fields. From time to time, the 
Pakistan government alters its policies to encourage foreign 
participation. In 1976 significant amendments to the 
Petroleum (Production) rules of 1949 provided 
production-sharing and other incentives. Despite these 
incentives, exploration efforts did not increase as 
expected, not until the first oil discovery in Sind in 1981. 
Following the discovery, exploration increased 
substantially. During the 1980s, 20 oil, 14 gas, and 3 
condensate fields were discovered.

After the decline of oil prices in the early 1980s, 
exploration efforts slowed in most countries. To maintain 
the momentum of exploration, the Pakistani government 
offered the C&F Karachi imported price of crude. On the 
basis of our discussion we may hypothesize that the most 
recent discovery, contractual arrangements, and wellhead 
prices are the key factors that encourage exploration in 
Pakistan. Political instability and inadequate 
infrastructure apparently have little impact. However, these 
are preliminary conjectures that will be tested more 
rigorously in the remainder of this thesis.
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Chapter 4
DETERMINANTS OF EXPLORATION ACTIVITY

The previous chapters dealt with the factors 
responsible for sluggish exploration in LDCs after the oil 
shock of 1973, and with exploration trends in Pakistan.
Most of these countries have insufficient risk capital and 
indigenous expertise to exploit domestic resources on their 
own and most rely on foreign capital.

This chapter will assess the relative importance of the 
factors driving the level of exploration activity in 
Pakistan. It will construct an econometric model, including 
those factors that are relevant to Pakistan.

4.1 The Basic Model
An aggregate model must take into account variables 

that influence investment in exploration and development 
efforts in LDCs. As mentioned above, these countries usually 
need foreign capital and technology to exploit their 
resources. It is, therefore, useful to understand the 
decision-making process of private companies--including the 
nature of an oil and gas project and the factors most 
relevant for the investment decision.

As discussed in chapter 2, profit maximization is 
assumed to be the key factor stimulating the petroleum
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industry to explore for new reserves and to produce oil and 
gas from those reserves. In investment analysis, project 
cash flows are discounted to the present at a specified 
discount rate to have a comparable measure of net monetary 
returns and to take into account the value of the 
alternative opportunities forgone by investing in oil and 
gas exploration and development.

In performing their analyses, oil companies take into 
account the special characteristics of petroleum investment 
projects, including large investment outlays, long lead 
times, long periods of project output--hence payoff 
--incomplete sharing of information and technology, and 
differential ability of the parties involved to bear risk. 
More general factors influencing investment include geologic 
prospects, expected costs, and host country investment 
climate.

We argue that investment decisions are influenced by 
the above factors which in turn affect exploration activity. 
It is reasonable to believe that exploration activities are 
likely to vary across the countries and from acreage to 
acreage, depending upon the expected costs, geologic 
promise, government policies, and political risk.
Exploration is likely to be higher in those countries 
having favorable conditions from the viewpoint of private 
companies.



T-3783 42

In general our basic model for exploration includes the 
following variables.
Exploration = f(geologic promise, expected costs, government 

policies, prices, and political risk) (4.1)
The above variables are likely to be the factors that 

determine the level of oil exploration in a given region. 
Broadman (1985) hypothesized that geologic promise is 
likely to be a necessary but not sufficient condition for 
undertaking exploration in a particular region.

4.2 Geologic Promise
In evaluating a prospect, the investor will first 

consider what he knows or suspects about the underlying 
geology, including analyses of thé past success rate, net 
addition to reserves per exploratory well, production rate, 
and other factors.

Thus success rate is one indicator of geologic promise. 
Broadman (1985) suggests that exploration activity is 
likely to be greater in areas where the prospects for 
finding oil in commercial quantiites is greater and where 
the size of discoveries is larger. To capture the first 
characteristic of geologic promise, he employed the variable 
SUCR3t-i , the success rate of exploration wells drilled, 
calculated as three-year moving averages and lagged one 
year.
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SUCR3t-i = (SUCRt-i + SUCRt-2 + SUCRt-3 )/3 (4.2)
where : Success rate = no. of oil and gas discover!es/total 

number of exploratory wells drilled in year t .
The other variable capturing geologic promise is the 

net addition to reserves per exploration well drilled, DISZt 
in year t . The variable DISZ3t-i is used for this study, 
calculated as a three-year moving average of DISZt 
DISZ3t = (DISZt-i + DISZt - 2  + DISZt- 3 )/3 
lagged one year.
where: DISZt = ((RESERVESt + PRODUCTIONt )-RESERVESt ))/expT , 
EXPt is the number of exploratory wells drilled in year t , 
RESERVESt is the stock of proven crude oil reserves, and 
PRODUCTIONt is the flow of crude oil production in year t.
It is expected that exploration activities will be higher in 
regions where net addition to reserves per exploratory well 
is higher ; thus we expect a positive coefficient in the 
estimated model.

The past production rate is yet another factor that can 
be used as a proxy for the geologic promise. Past production 
data is easily available and can be helpful in determining 
the geologic potential of the given area. To capture the 
impact of this variable, we used a three-year moving 
average. The expected sign is likely to be positive,
PROD31 = (PRODt-i + PRODt-2 + PRODt- a )/3;
that is, countries showing increasing production trends are
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expected to attract more foreign investors, hence more 
exploration.

The first measure, "success rate," also captures the 
importance of the most recent discovery, which we believe to 
be one of the most important factors in attracting foreign 
investors. In Pakistan, exploration activities (as discussed 
in chapter 3) have always increased after discoveries. We 
expect success rate to be one of the key variables in 
assessing exploration promise in Pakistan. The signs of all 
three parameter estimates are expected to be positive,
(i.e., countries having a higher success rate, net addition 
to reserves, or higher production rate are in advantageous 
positions to attract more foreign investment, if other 
things remain constant).

The above variables are important, but it is difficult 
to isolate their effect as they tend to move in the same 
direction at the same time. We may expect a problem of 
multicollinearity, but even so, we will get unbiased and 
efficient estimators.

4.3 Expected Costs
Foreign companies invest in a project if expected 

benefits exceed costs. In the case of oil and gas 
exploration, the benefits are the value of whatever reserves 
are identified. This value depends on both geology and
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world prices of oil. Costs include downstream development, 
production, and distribution capacity, as well as the 
equipment and manpower costs of exploration itself. These 
can and do vary widely depending on geology, infrastructure, 
the pace of technological improvements, and interest rates. 
The word "expected" is used because of the risky nature of 
exploration ; geology, costs, and oil prices are uncertain 
variables.

Exploration and development costs in oil and gas vary 
widely within and across countries depending on the geologic 
characteristics of a field and the extent of infrastructure. 
Total exploration and production costs per barrel can range 
from 50 cents or less to more than $15. For example, per 
well drilling costs in the United States vary by at least a 
factor of twenty (see Adelman and Ward 1980, Ward 1982, and 
Smith and Paddock 1983).

4.3.1 Infrastructure
One important factor in the expected costs that effect 

profit is the infrastructure necessary to deliver oil or gas 
to places where it can be refined, transported, or consumed, 
once it is produced. Insufficient infrastructure can raise 
costs and hence lower profits. It is believed that even if a 
country is geologically attractive, lack of infrastructure 
can scare away investors, who generally prefer easy access
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to ports, roads, railways, and the local labor force. 
Countries lacking the necessary infrastructure are clearly 
at a disadvantage in developing their resources, regardless 
of whether the agent is the state, local business, or 
foreign companies.

For Pakistan, as we have seen, exploration activities 
continued to increase during the 1950s after the huge gas 
discovery in 1952 in Baluchistan, a remote area. Major oil 
companies did not hesitate to sign concession agreements. 
Exploration activities declined in the late 1950s because 
foreign companies failed to discover oil. Similar trends 
occurred in the 1960s and 1970s. Based on our discussion on 
exploration trends in chapter 3, we may hypothesize that 
infrastructure is expected to have insignificant impact on 
exploration in the presence of high success rates. However, 
it is an empirical question which need to be tested. To test 
the significance, we need to have a data series on 
infrastructure. Choosing at a conceptual level the most 
suitable measure of infrastructure development is difficult 
because it is hard to determine which of many possibilities 
is superior. To overcome this problem and to obtain a 
reliable estimate for the infrastructure that may influence 
exploration in Pakistan, various measuresd were used, but 
the best estimate is reported in chapter 5. For example, 
road density and railway density, measured in terms of total
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land area and population can be used as a proxy for 
infrastructure.
Road density = total road km in Pakistan in year t/total

area or total population 
A similar calculation can be made for railway density. 

Finally, we also used Broadman *s approach. He chose a 
composite measure, INFt , the percentage of the country's 
gross domestic product (1980 dollars) accounted for by the 
manufacturing sector. The expected sign is positive, i.e., 
high exploration likely to be correlated with developed 
infrastructure.

4.3.2 Average Depth
Another factor which could raise expected costs and 

lower expected profits is the average depth of exploratory 
wells. Drilling costs per foot are expected to increase with 
the increase in depth, which in turn discourages 
exploration. However, cost of average depth also depends on 
factors such as ore grade, location, and availability of 
infrastructure. It is difficult to acquire data on costs per 
foot, especially by location. To overcome this problem, we 
will use average depth of exploratory wells (DPTHt ).
DPTHt = footage drilled in t/no. of exploratory wells (4.4) 

The expected sign of the coefficient for DPTHt is 
negative. Since the resource base of the country is not well
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known, drilling deep wells does not appear advisable. In 
such a situation it is reasonable to believe that increasing 
the average depth will increase the costs and reduce 
exploration efforts.

4.4 Government Policies
In this section, we shall discuss two important 

factors : taxation and contractual arrangements. Both factors 
are important in investment decisions. As discussed in 
chapter 2, exploration has not occurred in LDCs in part 
because host governments and potential foreign investors 
have failed to agree on mutually acceptable terms. Higher 
taxes can also scare away foreign investors.

4.4.1 Taxes
Taxes can affect project profitability in terms of 

cash flow ; sources, amount, and type of required financing; 
and the form and timing of cash flows between the foreign 
operation and domestic corporate headquarters.

The host government * s payoff from petroleum investment 
consists typically of tax revenue, and possibly a direct 
equity or production share. Tax revenue can have many forms, 
including royalties, corporate income tax, and special 
profit-related tax.
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The Pakistan government cannot impose a tax of more 
than 55 percent (based on Income Tax Ordinance 1979) or less 
than 45 percent on private oil companies’ net profit of 
gains derived from operations. This study will use a tax 
rate of 45 percent prior to 1976, and 50 percent thereafter. 
The expected sign of the tax coefficient is negative, since 
increase in taxes will discourage foreign investors which in 
turn reduce exploration.

4.4.2 Contractual Arrangements
The primary function of the contract is to set the 

terms which allocate the project’s cash return and risks to 
the parties. From the perspective of financial analysis, 
contracts are differentiated simply by their allocative 
structure. In contrast, a legal perspective would emphasize 
more issues involving the ownership of assets, including 
reserves. The reserves may be owned by the country, which 
may or may not decide to let the company share in the 
production, while the company’s expected cash flows may 
remain the same in each instance.

Broadman considers contractual arrangements as the 
institutional rules governing the allocation of risks and 
rewards of an exploration project as well as the 
distribution of management responsibilities for the actual 
operation of such a project. He has described five
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arrangements : (1) concessions, (2) production-sharing
contracts, (3) risk service contracts, (4) non-risk service
contracts, and (5) joint ventures.

Concessions, joint venture, and production-sharing 
contracts as they apply to Pakistan will be dealt with here.

Concessions
Concessions are arrangements under which a company 

obtains a lease from the government to explore in a well- 
defined geographic area and provides all the capital for 
exploration. If petroleum is discovered the company is free 
to develop and market it; in exchange, it usually makes a 
payment of royalties to the government for each barrel 
produced (thus royalty payments may begin before the project 
becomes profitable). In general, however, concessions do not 
provide for direct participation by the government. All 
exploration risks are borne by the company, and the 
government shares only indirectly in the development risks-- 
in particular, the risk associated with the company's 
ability to market and hence extract discoveries.

In Pakistan, the secretary of the Ministry of Petroleum 
and Natural Resources is empowered to grant concessions to 
foreign oil companies. The working interest of the state- 
owned company (OGDC) is kept at a minimum of 5 percent, and 
OGDC may contribute in Pakistan rupees or in foreign
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currency as the case may be. The foreign oil company 
contributes 95 percent. Nevertheless OGDC may at any time 
increase its working interest up to a maximum of 50 percent.

Joint Ventures
The most common form of contractual relations is that 

of a joint venture between the government or a government 
agency and the foreign investors. Both sides have an equity 
position, with either having a majority of shares. The 
maximum participation allowed for foreign investors may be 
determined by general legislation, or the distribution of 
equity may be negotiated separately in each agreement. 
Government participation as an equity partner with an oil 
company usually occurs in the development stage rather than 
in the exploration stage. These types of contracts usually 
allow the foreign company to recover its exploration cost 
first before equity splits.

OGDC is being recognized and strengthened to play a 
more effective and enhanced role in the development of oil 
and gas resources in Pakistan. Besides undertaking its own 
operations, OGDC has undertaken seismic surveys on a 
contract basis for other oil companies and has entered into 
joint venture concession agreements with foreign oil 
companies.

OGDC equity usually consist of the value of
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infrastructure and the amount of money spent on geological 
and geophysical surveys. Beside this the government also 
contributes 5 percent of the capital in the exploration 
stage. However, the government has the option of purchasing 
up to 50 percent of the share at the later stage.

Production Sharing Contracts
In recent years, the production-sharing contract has 

become the most common arrangement between the host 
government and foreign oil companies. With this contract 
(pioneered by the Indonesians), the company's reward comes 
in the form of a share of the physical oil produced, which 
it can then use or sell. The company bears all the cost risk 
and a proportionate share of geologic and revenue risk.

In Pakistan, the production-sharing contract is 
designed so that both Pakistan and private companies 
benefit. In order to meet the domestic crude oil 
requirements, foreign companies are required to sell and 
deliver 40 percent of their share to the nearest refinery at 
the "fair market price," less a 12.5 percent discount 
(recently, to encourage more foreign investment, the 
discount has been eliminated). The government of Pakistan 
pays 87.5 percent of the purchase of crude oil in U.S. 
dollars or any other currency desired by the company, and 
the balance is paid in local currency. The companies are
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free to sell their share in the local market or export the 
same free of custom duties and sales tax.

In order to capture the effect of contractual 
arrangements, dummy variable PDSCT will be used. Since both 
joint venture and concession agreements were the dominant 
form of contracts in Pakistan prior to 1976, PDSCT will take 
the value 0 during 1947 to 1975, and the value 1 for the 
years after 1976, when the dominant contract was production 
sharing. It is difficult to specify a priori expectation 
about the sign of contractual arrangement.

4.5 Oil Prices
Prices influence investment decisions. Unexpected price 

drops can ruin an otherwise feasible project. As in other 
countries, Pakistan# s wellhead prices are influenced by 
world oil prices. Since 1979, the difference between 
official Saudi Arabian prices and spot prices has been 
significantly large. Saudi prices have been artifically set 
at a higher level irrespective of the demand and supply 
situation, but spot prices have declined. It is thus not
appropriate to*use Saudi official prices. In Pakistan

-•wellhead prices is determined on the basis of the C&F 
Karachi imported Saudi light spot price ; therefore, this 
study uses a three-year moving average of Saudi light spot 
prices (1985 dollars) lagged one year. Prior to 1980 the



T-3783 54

above prices are used after taking a discount of 12.5 
percent, since 1981 the price series is simply consist of 
C&F Karachi imported Saudi light spot prices.

PRICESt-i = (PRICEt-i + PRICEt-2 + PRICEt- a )/3 (4.5)

We use lagged prices because investment in the 
petroleum business is a dynamic process. It takes time to 
make investment decisions and time is required for 
processing contracts. Investment decisions are made on the 
basis of future expected prices, and we assume that 
expectations are based largely on recent and current prices.

There seems to be a positive correlation between oil 
prices and exploration activities : the higher the prices,
(as in 1973 and 1979 ) the more intense the exploration 
activities. In other words, prices are one of the 
determinants with a direct bearing on exploration activity. 
Is this valid for LDCs? The study done by McLin (1986) 
concludes that exploration activity in these countries did 
not increase substantially after the two oil shocks, as 
might have been expected. On the other hand, exploration did 
not decline in 1986 when crude oil prices suddenly dropped 
in the international spot market to less than U.S.$10 per 
barrel. In developed countries, especially the United States 
and Canada, the positive correlation of exploration to 
prices has been more obvious.
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For Pakistan, high oil prices have worked as an 
incentive, leading the government to reexamine its 
traditional policies and to adopt a more liberal policy. As 
a result, the government in the early 1980s decided to pay 
C&F Karachi prices of imported oil (i.e., the government no 
longer deducts 12.5 percent from the spot prices). As a 
result of this policy, prices received by foreign oil 
companies operating in Pakistan has increased, even when 
world oil prices have declined. As a result, exploration 
activity in Pakistan continue to increase, we are expected 
to have a positive relationship between the prices and the 
level of exploration.

4.6 Political Risk
Companies may choose among regions ranging from 

expensive, high-risk areas, to low-cost, low-risk basins. 
The high-risk areas quite often require not only huge front 
end investment and years to pay back but also involve 
considerable political risk « At the other extreme, many low 
risk basins are so extensively explored that large 
discoveries are very unlikely, and the explorationist must 
depend on low risk, but smaller "bread and butter" 
discoveries (Quick and Buck 1983, 61-62).

Risk is a dynamic concept that revolves around the 
probability of changes. Current conditions are not risk ;
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rather, risk stems from changes in these conditions. The 
rules governing an investment are a current parameter at the 
time an investment decision is made. Risks are future 
occurrences that may change the rules. In the generic sense, 
political risk is the probability that the goals of a 
project will be affected by changes in the political 
environment. It is likely that political change will prompt 
a change in the investment climate regulating a project (see 
Lax and Prast 1982).

If changes are prompted by political acts and decisions 
(sometimes referred to as "risk events"), the risks are 
political. Changes in the tax laws or in prices (if they are 
government regulated) constitute political risk because, 
even though the result may be reduced profit, the source of 
the changes are political. National economic concern (for 
example, an adverse balance-of-payment position, or shortage 
of foreign exchange) may be the ultimate cause of regulating 
statutory changes, but the decision to change is political 
and involves governmental process.

The foreign oil companies' profit from exploration and 
development are earned gradually over the productive life of 
a field. It is not surprising that oil companies are 
reluctant to invest in places where political stability over 
time is especially questionable.

Political instability is a common feature of many LDCs.
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This instability flows from rapidly changing traditional 
ethic and religious rivalries, ideological disputes over 
economic and political theory, and absence of experience 
with constitutional or democratic processes and 
institutions. In the past, revolutions frequently have been 
accompanied by nationalization of foreign investment.

Pakistan has been the subject of political instability 
since its emergence in 1947. It experienced frequent changes' 
in government until 1958 when the first martial law was 
imposed. From 1958 to 1969 the country experienced stability 
and achievied significant growth in all sectors of the 
economy. But from 1969 to 1977, the country had its worst 
period in terms of political upheaval, nationalization of 
many industries (other than the petroleum sector), 
disturbances, frequent imposition of curfews, and strikes. 
Since 1977 the country has stabilized owing to the 
imposition of a second martial law.

It is difficult to construct a data series on political 
risk. The concept of Gutt (1971) will be used. It describes 
political risk as a function of the stability of a country's 
underlying political and social systems ; that is, the amount 
of conflict that exists among groups or individuals.

In order to capture the impact of political risk, we 
will use political instability, disturbances, strikes, 
curfews, social boycotts, and war as proxies. The dummy,
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POLt = 1 will be used for the years 1949, 1951, 1953, 1956, 
1957, 1958, 1965, 1969-1976, as during these years the 
country experienced instability in terms of changes in 
government, wars, strikes, curfews, and other political 
upheavals• POLt = 0 will be used in other years.

Experience has proved that the new government always 
honors the previous government * s commitments. We have also 
found that during political instability, exploration 
activity continues to take place. As a result, we are 
expected to have an insignificant coefficient on the dummy 
variable for political risk, but it is an empirical question 
that needs to be tested.

We may conclude that despite the political instability 
in the country, the government of Pakistan always provides 
opportunities such as price supports, and exemption of 
custom duties, export tax, and sales tax. In such 
circumstances private companies view Pakistan as politically 
less risky. This confirms our previous discussion that 
exploration activities are not disrupted during periods of 
instability in Pakistan.

4.7 National Oil Companies
NOCt is a dichotomous variable that take the value 0 if 

the country in year t has a national company, and 1 if it 
does not. OGDC, a state-owned company, was established in
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1961, so we will use the value 0 for the 1961 to 1988 period 
and the value 1 for the years prior to 1961. This variable 
is included in the model to determine the impact of 
state-owned enterprises in stimulating foreign direct 
investment. We have no prior expectation about the sign of 
NOCt . It could be positive or negative.

4.8 The Estimated model
Our model is quite similar to Broadman *s , but we have 

not included the variables such as land area of the country 
and the nonconcession, production-sharing contract reported 
by Broadman. To test the significance of each variable, the 
following model is estimated.

EXPt = aO + alSUCR3t-i + a2DISZ3t-i + a3INFt + a4DPTHt 
+ a5TAXt + aGPDSCTt + a7PRICE3t-i + aSPOLt +
+ a9N0Ct + et (4.6)

where : EXPt is the total number of exploratory wells drilled
in year t (the dependent variable).

The expected signs of the estimators are al, a2, a3, 
a7 >0 and a4, a5, a8 <0. In such a case one tail-test is 
appropriate. There are no a priori expectations about the 
sign of a9. It could be positive if the national oil company 
is active in gathering geological, geophysical, and seismic 
data, and if this information is available to private oil 
companies. On the other hand, it could be negative if the
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prime acreage is kept for national oil companies. As far as 
PDSCTt is concerned, it is difficult to specify a priori 
expectations about the sign of a6, therefore, the 
significance of a7 and a9 is tested using two-tail test.

A sample of 1947 to 1988 is constructed for this study. 
We may expect to encounter autocorrelation problems due to 
the nature of time-series data ; if so, we will fail to get 
unbiased estimates. For unbiased estimators, the basic 
assumption is E (ei, ej) = 0  for i not equal to j . 
Autocorrelation among errors can occur because an important 
explanatory variable has been omitted from the model. The 
problem, if it occurs, will be corrected by using the AR1 
method. Besides the problem of autocorrelation, we are also 
expected to encounter the problem of multicollinerity. High 
correlation may be expected between SUCR3t-i and DISZ3t-i » 
as both tend to move together. The ordinary least square 
(OLS) method will be used for the regression analysis, 
using computer package TSP.



T-3783 61

Chapter 5 
ANALYSIS OF RESULTS

The best results of the estimates of the time-series 
regression model for exploratory wells drilled in Pakistan 
from 1947 to 1988 are reported in table 5.1. Broadman’s 
(1985) results are shown for comparison purposes, although 
his results are based on cross-country, time-series data 
from 1973 to 1982 (estimated results on nonconcession 
production-sharing and country1s total area are not reported 
in regressions (1) and (2) as reported by Broadman).

The estimated results for Pakistan are reported in 
regressions (3) and (4). In regression (3) success rate 
(SUCR3) and discovery size (DISZ3) are used to capture the 
impact of geologic promise. The coefficient of both 
explanatory variables are statistically different from zero 
at the 90 and 95 percent confidence level respectively, and 
have the expected signs. This is consistent with what we 
hypothesized: that exploration activity in Pakistan is 
highly dependent on the success rate. Good success rates 
induce foreign investors to explore. Our estimated results 
are consistent with empirical findings of Broadman (1985).
He reported a positive and significant relationship between 
exploratory drilling and success rates for both oil 
producing and nonoi1-producing countries.
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Table 5.1
Time-Series Regression Model for Exploration 

Wells Drilled in Pakistan, 1947-1988
Indp. Broadman,s Results Pakistan
vari
able (1)Oil-Prod.

(2)
Nonoi1-Prod.

(3) (4)

Cont. -23 .1 0. 29 3.65 51 .55
(-2.33)* (0.17) (1.12) (2.38)

SUCR3 4.81 1 . 15 2.63 2.49
(2.77)* (2.56)* (1.69) (1.77)

DISZ3 0 .000002 — 0.017
(1.04) - (2.09)* -

PROD 3 - - 0.71
(4.80)**

INFt 1.19 -0.0037 -0.125 -11 . 18
(3.97)** (-0.10) (-0.33) (-0.71)

DPTH 0.00007 -0.00001 -0.00007 -0.00006
(0.68) (-3.36)** (-3.36)** (-2.74)**

TAX — 0.18 -0.0018 -5.50 -1.11
(-1.77)* (-0.112) (-2.33)* (-3.30)**

PDSCT -3.68 0.63 -7.11 -3.74
(-1.72)* (1.26) (-2.83)* (-3.83)**

PRICES 0. 35 -0.0046 0.198 0. 502
(3.77)** (-1.03) (4.01)** (5.47)**

POLt 0.265 1.43 0.89 — .12
(1.07) (1.28) (0.86) (-0.11)

NOC 6.07 0.32 1.34 1.73
(5.12)** (0.63) (-0.63) (-0.80)

R2 0.61 0.026 0.82 0.861
D. W - - 1.57 1.65
F 37.55 1 .664 20.53 14.54
Dependent variable : EXPt No. of exploratory wells in year t 
Note : Numbers in parentheses are t-statistics; * * and * 

indicate 99% and 95% level of significance.
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Further, in regression (4) we used production rate 
(PROD3) as the three-year moving average lagged one year 
instead of DISZ3 as a measure of geologic promise. Inclusion 
of PROD3 as a measure of geologic promise significantly 
improves the explanatory power of the regression (4), as R2 
rose to 0.86 from 0.82. This suggests that foreign investors 
also analyze past production rates before investing in LDCs. 
For Pakistan the significance of DISZ3 and PROD3 indicates 
that both are important measures of discovery size. However, 
PROD3 relatively better as a measure of geologic promise.

The factors related to cost of exploration are 
infrastructure (INFt) and average depth of exploratory 
well (DPTH). In regression (3) and (4) the estimated 
parameter for INFt is statistically insignificant and has 
the wrong sign, contradicting the theory. As discussed in 
previous chapters, infrastructure is an important variable 
in the profit equation and should have a positive 
relationship ; that is, countries with a developed 
infrastructure are likely to attract foreign investment, 
and hence higher exploration efforts. We have tested several 
proxies for the level of infrastructure as discussed in 
chapter 4, the relatively better results for infrastructure 
were obtained using INFt as a road density in terms of area. 
All proxies for INFt indicate that, they may have some 
impact, but none of them have enough evidence that show
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measurable influence on exploration as indicated by t-score. 
Although contradicatory results, but nevertheless, our 
results are consistent with our hypothesis and results 
reported by Broadman for nonoil-producing countries.

The sign of the parameter estimating DPTH is negative 
and statistically significant at the 99 percent confidence 
level, suggesting that as depth increases, exploration 
efforts decrease. It serves as a measure of the cost of 
exploratory drilling which increases disproportionately as 
depth increases. Countries with a known resource base will 
experience a positive relationship between exploration and 
depth, as most of the shallow fields are already explored. 
This justifies the positive and significant correlation 
between the two for oil-producing countries. For nonoil- 
producing countries, where the petroleum resource base is 
not well known, depth increases will have a discouraging 
effect on exploration efforts.

A 45 percent and 50 percent profit tax has been used 
for this study. (Pakistan income tax varies between 45 and 
55 percent). The coefficient of tax is statistically 
significant and having the expected sign, implying taxes in 
Pakistan do have discouraging effect on the level of 
exploration. Our estimated results are consistent with 
Broadman reported results for oil-producing countries, which 
shows a negative and significant relationship between the
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taxes and the exploration.
The influence of contractual arrangements is captured 

by PDSCT. But bearing in mind the crudeness of this measure, 
the following interpretation of the estimate can be 
suggested. The coefficient for PDSCT for Pakistan in 
regressions (3) and (4) are statistically significant at a 
95 percent level. The results suggests that there is 
significant difference between the forms of contracts 
offered in Pakistan, but it is difficult to distinguish 
which is superior, as all forms of contracts share risk in 
the exploration stage. The negative sign may suggests that 
the dominant form of contracts offered in Pakistan are less 
attractive to foreign investors, regardless the dominant 
contract is joint venture, concession agreements, or 
production-sharing. Our findings are consistent with 
Broadman’s empirical findings for oil-producing countries.

The coefficient of price, PRICES, is statistically 
different from zero at the 99 percent confidence level and 
having the expected sign. The positive sign suggests that as 
prices increase, foreign investors increase their efforts. 
Exploration activities in Pakistan responded positively with 
the prices, it even continue to increased in 1980s when 
world oil prices decline. This apparently perverse behavior 
happened because of a change in government: the price 
received by foreign producers increased because the
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government of Pakistan eliminated the discount rate of 12.5 
percent on wellhead prices. The price incentives provided by 
the Pakistan in the early 1980s explain why exploration 
continue to increase when world oil prices shows downward 
trend. Our finding is consistent with oil-producing 
countries reported in regression (1),

The parameter for political risk, measured as POLt, is 
statistically insignificant. This suggests that if other 
things remain the same, political instability in Pakistan 
has not been a strong deterrent to exploratory drilling, a 
finding consistent with the discussion in previous chapters. 
Our findings also support the empirical findings of 
Broadman.

The coefficient for the national oil company (HOC) is 
statistically insignificant indicate that the presence of 
national oil company do not have measurable impact on 
exploration. Our findings failed to explain that OGDC 
generates stimulative influence on foreign investors. On the 
other handi it also refuted the belief that the government 
of Paksitan kept prime acreage for its national oil company 
(OGDC), as suggested by Parra (1982). If this were true, we 
could have obtained a negative and significant relationship 
between NOC and exploratory drilling.

Overall, the regression model seems adequate. The high 
value of R2 indicates that a linear function fits quite
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well. The value of F-statistics also rejects the null 
hypothesis that the coefficients are equal to zero. The 
value of Durbin Watson statistics falls in the inconclusive 
range, so that there is some evidence supporting the 
hypothesis that serial correlation exists, but the evidence 
is not strong enough to make us reject null-hypothesis.
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Chapter 6 
SUMMARY AND CONCLUSIONS

We have analyzed exploration trends during the period 
when oil prices peaked in 1973 and 1979, and when oil prices 
tumbled in 1986. We have also analyzed the exploration 
trends in Pakistan under different economic and political 
conditions. The causes of slow exploration and the forces 
that accelerated exploration efforts have also been 
discussed in detail.

We found that exploration activity in Pakistan is 
highly dependent on geologic promise, wellhead price, and 
contractual arrangements. Lack of infrastructure and 
political risk seem to be less important. Exploration 
activity in Pakistan has varied over the years. It always 
increased after discoveries, even in the face of political 
instability and lack of infrastructure. In 1952 when a major 
gas field was discovered in Baluchistan, a remote area that 
lacked infrastructure, major oil companies did not hesitate 
to sign concession agreements. Between 1947 and 1958, 
Pakistan was politically unstable. In the span of eleven 
years the government changed hands six times.

Similarly, exploration activities increased soon after 
the discoveries of 1968, mid-1970s and 1981, though during 
the early 1970s the country experienced its worst period in
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terms of political upheavals. Apparently, neither political 
instability nor lack of infrastructure deterred foreign 
investors. The empirical results suggest that all other 
things being equal, political risk, as measured here (in 
terms of political instability, wars, strikes, and other 
disturbances) does not appear to have been a strong 
deterrent to investment in exploratory drilling in Pakistan, 
confirming our hypothesis. New governments in Pakistan have 
always honored previous government commitments, mitigating 
the fear of political risk.

In the 1980s, when oil prices declined, Pakistan 
did not hesitate to offer attractive terms and working 
conditions to foreign oil companies. To attract foreign 
investors, the government offered C&F Karachi imported crude 
oil prices, which encouraged foreign investors. Thus 
exploration in Pakistan has continued to increase even when 
oil prices have declined.
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APPENDIX A

Oil and Gas Fields Discovered 
1947 to 1988

Fields Total
discoveries

Discoveries 
by OGDC

Discoveries 
by private firms

Oilfields

Toot,
Tando Alam 
Chanknaurang 
Ghotana, Thora 
Sono, Kunnar 
Lashari Centre, 
Bobi

Adhi, Karsal 
Meyal, Khaskeli 
Laghari, Dhurnal 
Tajedi, Mazarani 
Turk, S. Mazari 
Halipota, Paniro 
Ghungro, N. Akri

25 9 16
Condensate
Fields

Dakhni, Dhodak 
Lashari South, Daru

4 4 —

Gas Fields

Sari, Hundi, 
Kothar, Rodho, 
Pirkoh, Mandpur 
Punjpir, Loti

Sui, Zin, Uch, 
Khairpur, Mari 
Mazarani, Sonro 
Kandhkot, Matli, 
Golarch, Jabo, 
Bukhari, Pir, 
Liari, Bagla, 
Khor Wah, Duphri 
Dabhi South 
Makhdumpur

27 8 19
Total 56 21 35

Source : AAPG, various issues; eports OGDC chairman,
Symposium of Petroleum Exploration and Production in 
Developing Countries, Winter, 1982 ; Pakistan Energy 
Year Book.
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APPENDIX B 
A BRIEF REVIEW OF PAKISTAN

Pakistan came into existence in 1947 with the division 
of the Indo-Pak subcontinent into two independent countries. 
As a result of the partition, Pakistan received 310,000 sq. 
miles land area, 72 million inhabitants, 21.6 percent of the 
cultivated land, 9.6 percent of the industries (out of which 
4.4 percent were basic industries), and 7 percent of the 
industrial labor force. The most serious problem was poverty 
and unemployment in rural areas where 83 percent of the 
population resided.

The history of Pakistan's economic development over the 
last 42 years is neatly divided into four decades. The first 
decade (1947-1958) characterized by economic stagnation that 
extended until the imposition of Martial Law in 1958. The 
second decade brought prosperity and a high rate of economic 
growth. This period was termed "Pakistan's development 
decade" and became the model for other developing countries. 
Unfortunately the third decade (1968-1978) began with a 
series of political crises, including the break-up of the 
country in 1971, and a deepening economic crisis which 
reached its nadir in the mid-1970s. The growth rate of 
national income was consistently downward with domestic 
savings falling to their lowest level, 3.7 percent in
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1974-1975. Closely allied to this was the problem of 
inflation which was both a cause and effect of the 
continuously widening gap between investment and domestic 
savings.

The fourth decade (1978-1988) began with the imposition 
of another Martial Law, and the country gained stability 
both economically and politically. It was during this decade 
when most of the liberal policies were implemented to 
attract foreign investors to exploit the hidden resources of 
the country. The government's positive attitude immediately 
brought fruitful results as the country managed to increase 
domestic oil production to about 43,000 barrels per day in 
1988 compared with 7,000 barrels per day in 1977.

The commercial energy supply during 1948 was only 1.37 
million metric tons with a per capita energy consumption of 
41 kilograms of coal equivalent. Coal was a major source of 
energy claiming about 59.8 percent of the total commercial 
energy supply. Petroleum products supplied 37.1 percent and 
hydroelectricity, 3.1 percent. The railways were the major 
consumer of commercial energy.

The non-commercial fuels were equally prime sources of 
energy, claiming more than 70 percent of the total energy 
supply. Firewood and charcoal were used both in cities and 
rural areas for domestic and industrial purposes.

During 1988 the population increased to 103 million.
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Per capita energy consumption increased to 472 kilograms of 
coal equivalent, and the share of commercial fuel rose to 65 
percent from 30 percent in 1948. The share of coal was 
captured by gas and electricity. Coal's share declined to 
5.1 percent in 1987 from 59.8 percent in 1948. After the 
discovery of a gas field in 1952, gas became an important 
source of energy in all sectors of the economy, contributing 
34.2 percent at the end of 1987.

The historical energy consumption by fuel is shown in 
table that follows. In 1987, the most important source of 
energy was oil, 41.3 percent; gas, 34.2 percent; 
electricity, 18.3 percent; and coal, 5.1 percent. The main 
energy-consuming sector in 1987 was industry accounting for
44.5 percent; transportation 30.4 percent; domestic uses,
17.6 percent; agriculture, 5.2 percent; and the rest by 
various other sectors.
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Energy Consumption in Pakistan 
1948-1987

Year Oil Gas Coal Hydro Nuclear LPG

1948 37 . 10 - 59.80 3.10 - -

1964 53.10 22.80 15.00 8.50 - -

1971 42.80 33.00 8.30 15.50 0.40 -

1977 38.80 37.20 6.10 16.40 1.20 0.30
1987 41.30 34.20 5.10 18.30 0.54 0.54

Sources : Pakistan Energy Year Book 1977 and 1987, Government 
of Pakistan, Ministry of Petroleum and Renewable 
Resources.


