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Abstract 
This study explores the long-run determinants of electricity theft in 

Pakistan using annual time series data from 1970 to 2010. ARDL 

approach to co-integration has been employed to find the long-run co 

integrating relationship among electricity theft, per capita income, 

electricity price, number of consumers and economic openness. The 

estimated results confirm the existence of long run association among 

these variables. The results indicate significant and negative 

relationship between per capita income and electricity theft. Further, 

electricity price and number of consumers are positively related with 

electricity theft in the long-run. Economic openness has statistically 

insignificant relationship with electricity theft. Our findings 

recommend privatization of electricity distribution companies, 

establishment of an independent electricity regulator and the 

introduction of a competitive environment among distribution 

companies to overcome this issue. 

 

Keywords: Electricity theft, Per capita income, Electricity price, Number of 

consumers, Economic openness  

 

I. Introduction 
Electricity theft is defined as “using electricity from the utility without a contract 

or valid obligation to alter its measurement” (Depuru, 2012). Smith (2004) explained that 

there are four types of electricity theft. i) Stealing electricity, in which electric wires are 

connected to power systems for stealing electricity. ii) Fraud, in which a lower meter 

reading is showed than the original one. iii) The billing irregularities, in which some 

employees are bribed to record the lower meter reading than accurate one. This can also 

happen due to inefficiency in measurement of electricity and iv) the unpaid bills, that 

cause lack of revenues and adversely affect the financial health of electricity utilities. 
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Worldwide, transmission and distribution losses (a proxy of electricity theft) are more 

than the total installed generation capacity in many countries including Germany, UK or 

France (Depuru, 2010). Global estimates reflect that electricity utilities face a loss of 

more than 25 billion USD due to illegal electricity use. In India, these losses are close to 

4.5 billion USD each year
1
.An approximate direct loss due to illegal electricity use in US 

is estimated to be between 1–6 billion USD
2
. Figure 1 below reflects that electricity theft 

is a major policy issue in several countries in the world with India, Mexico, Brazil and 

Pakistan suffering from it the most as billions of KWHs of electricity is lost to illegal 

economic use annually. 

 

Figure 1: Electricity theft across countries 

 
Source: IEA (2006) 

 

Electricity theft has become an important issue in the world as considerable 

financial costs are associated with it. Due to these financial costs it worsens the financial 

condition of utilities that restricts new investments related to capacity development and 

results in electricity shortages.  (Jamil and Ahmad, 2013). In Pakistan, electricity 

companies are in severe losses due to some technical and non-technical shortcomings of 

the distribution system. These distribution losses cause low profits and poor quality of 

services. Furthermore, these losses and theft result in accumulation of circular debt.  

 

Circular debt occurs when one entity faces cash inflow problems, holds back 

payments to its suppliers and creditors. Due to this problem in the cash inflow of one 

entity, all other segments of payment chain are affected (Ali and Badar, 2010). As a 

consequence of circular debt, cash flow constraints the operational incompetence of the 

power sector. Electricity theft is a major cause of revenue loss and circular debt in the 

case of Pakistan (Jamil, 2013). 

 

In the case of Pakistan, when the individuals and government institutions do not 

pay to the distribution companies, these distribution companies get unable to pay to 

National Transmission and Distribution Company (NTDC). When NTDC faces a 

financial crunch, it does not pay to Independent Power Producers (IPPs) or Generation 

companies or WAPDA for the electricity that they have produced. These IPPs or 

Generation companies in turn do not pay to the oil and gas companies. This makes them 

                                                           
1 For further details see http://www.powermin.nic.in. 
2 For further details see http://www.wtsp.com/news /local/story.aspx?storyid=109056 
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unable to pay to Oil refineries or POL import companies and at the end these Oil 

refineries and Gas companies do not pay to Exploration companies. In this way due to 

non-payment of one entity (electricity consumers), a payment gap is created in all other 

segments of the whole energy supply chain and a significant reduction in overall energy 

supply in the economy. 

 

Despite the efforts made by successive governments to solve the issue of circular 

debt, the size of circular debt by mid-January 2010 was around Rs. 150 billion and over 

Rs. 850 billion in 2012 (GOP, 2013). The newly elected government of Pakistan repaid 

all the circular debt in June, 2013 after taking over the government. Since this repayment 

was done without making any structural changes in the power sector, the circular debt 

has started to pile up again. 

 

This discussion implies that circular debt issue is mainly a result of low recovery 

rate from electricity consumers and illegal use of electricity. This has severe implications 

for the overall national economy on two major fronts. First, overall GDP growth in the 

economy directly depends upon an adequate energy supply in the economy. Rehana et al., 

(2011) have estimated that the total industrial output loss due to electricity shortages 

ranges between 12 percent to 37 percent. Pasha and Saleem (2013) estimated that the 

overall total annual outage cost to residential consumers in the urban areas of Pakistan is 

about Rs. 200 billion. This implies that electricity shortages push down the economy 

from its potential level. Second, lack of revenues affects the capacity of electricity 

generation companies to invest in the generation capacity. Due to lack of investment, 

generation of electricity will be lower. To fulfill the revenue requirements, NEPRA 

mostly resorts to increase the electricity tariffs. However, the increase in tariffs can also 

instigate the consumers to indulge themselves in electricity theft. 

 

A. Contribution of the study and research objectives 

Determinants of electricity theft have been studied in a number of countries 

(Marangoz. 2013; Winther, 2012). Fjeldstad (2003) has focused on the socio-economic 

incentives of the individuals to indulge into non-payment of utility bills. Min and Golden 

(2014) have investigated the impact of electoral cycles on electricity theft in an Indian 

state. Most of the mentioned studies are based upon primary data and do not present their 

analysis at the economy level. This issue has also been probed in the case of Pakistan. 

Jamil (2013) has estimated the long run relationship between electricity shortage, 

electricity price and electricity theft. Jamil and Ahmad (2013) have identified major 

determinants of electricity theft for each of the distribution companies using panel data 

techniques. Naz and Ahmad (2013) have used primary data from Karachi to study the 

impact of different variables on illegal electricity use. However, no study in the case of 

Pakistan has identified and estimated the impact of long-run determinants of electricity 

theft in the case of Pakistan. This study, thus contributes to the empirical literature on this 

issue for the case of Pakistan to study long run determinants of electricity theft. Prime 

research objective of the paper is to study the long run determinants of electricity theft in 

case of Pakistan. 

 

The remainder of the paper proceeds as follows. Section 2 explains theoretical 

relationship among variables. Section 3 lays out methodological issues and describes data 

sources. Section 4 presents discussion of results while section 5 concludes the paper. 
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II. Theoretical Framework 
A comprehensive review of literature shows that the dynamics of electricity theft 

have been investigated in case of several countries from different perspectives. 

Theoretically, per capita income negatively affects the transmission and distribution 

losses. Increase in per capita income increases the affordability of the consumers to not 

only pay for their electricity bills but also get new electricity connections rather than 

engaging themselves in electricity theft (Jamil and Ahmad, 2013). Marangoz (2013) 

however found no statistically significant relationship between income and electricity 

theft in the case of Turkey. 

 

Electricity price is considered to have a positive effect on electricity theft. As in 

case of developing countries like Pakistan where large share of population belongs to 

lower income groups, it becomes unaffordable for them to pay high utility charges with 

increasing per unit prices. Also, lack of government subsidies towards utilities and lower 

recovery from consumers causes electric utilities to provide poor quality of services. 

Jamil and Ahmed (2013) have thus found a positive and significant relationship between 

electricity prices and electricity theft.  

 

Moreover, there is a positive relationship between electricity theft and consumers 

base (Morangoz, 2013). From the theory, it is expected that as number of consumers 

increase the area under electricity coverage also increases, so for inspection it is difficult 

for management to make necessary arrangements for large extended area with existing 

resources. In the absence of any additional enforcement mechanism, there are more 

chances for people to easily make illegal use of electricity. 

 

Economic openness is negatively associated with electricity theft from theoretical 

perspective. Openness is expected to result in better technology and increased 

institutional capacity, therefore, a decrease in electricity theft (Zhang et al., 2008). 

 

III. Methodology 
The current study specifies a model to check the impact of different determinants 

of electricity theft, which is proxied by transmission and distribution losses. The 

independent variables of the model include per capita income, electricity price, economic 

openness and number of consumers. So the functional relationship of the model can be 

described as; 

 

( , , , )t t t t ttheft f PCY P EO CONS  

 

Where PCYt reflects the per capita income in period t. Pt represents electricity 

price and EOt demonstrates economic openness. Consumer’s base has been reflected by 

CONSt. 

 

Since we employ a time series data to carry out the analysis, it is imperative to 

check the unit root properties of the data first. For this purpose a standard Augmented 

Dickey-Fuller (ADF) test is used. If the variables are found to be stationary at level then 

we can simply proceed with the Ordinary Least Square (OLS) regression. While if all the 

variables became stationary when they are differenced or are I (1) then Johansson’s 

cointegration approach is used for estimation. But if some variables are I (0) and some 
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are I (1) then Autoregressive distribution lag (ARDL) approach to cointegration is used. 

ARDL can also be applied irrespective of the fact that underlying regressors are I (0), I 

(1) or mutually co integrated (Pesaran et al., 2001). It remains robust to small sample 

size, the lag adjustments in the model and provides unbiased estimates of the long-run 

model and valid t-statistics even in the presence of endogeneity (Harris and Sollis, 2003). 

Due to these advantages, we employ ARDL approach to cointegration for studying the 

long-run relationship between electricity theft and its determinants. 

 

ARDL approach proceeds in two basic steps. At first step, we calculate the F-

statistics by applying the wald-restriction and later we can check the short run and long 

run underlying determining forces of the regressors in the model. Following ARDL 

model of electricity theft has been specified; 
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The presence of cointegration in equation (1) can be tested by first estimating the 

model using OLS and then by restricting all estimated coefficients of lagged level 

variables equal to zero and the null hypothesis 2 3 4 50 1:    0H          is 

tested against the alternative of 2 3 4 51 1:    0H          .According to 

Pesaran (2001), If calculated F-statistics value is greater than upper bound value then 

there exist cointegration relationship between variables. If calculated F-statistics value is 

less than the lower bound the hypothesis of no cointegration cannot be rejected, and if 

calculated F-statistics value lies between upper and lower bound the test will be 

considered as inconclusive. We use the Schewartz and Basian Criteria (SBIC) criteria to 

select the maximum lag order of the variables for the conditional ARDL-VECM. 

 

At the end, the short-run dynamic parameters by estimating an error correction 

model associated with the long-run estimates are obtained. 
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A. Data definitions and data sources 

To analyze the long term determinants of electricity theft for Pakistan, the data 

used in this study is time series covering the period from 1971 to 2010. Data for 

electricity prices is taken from annual report of National transmission and distribution 

company (NTDC). The data for transmission and distribution losses (proxy for electricity 

theft) and number of consumers has been collected from various issues of Power System 

Statistics. Data for per capita income measured in local currency units (PCY) and 

economic openness (ratio of imports and exports to GDP) is taken from world 

development indicators database (2013). 
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Transmission and distribution losses can be categorized into technical and non-

technical losses. Non-technical losses are a better proxy for electricity theft. In the case of 

Pakistan, data on non-technical losses is not separately available. Therefore, following 

Jamil (2013), this paper employs overall transmission and distribution losses as a proxy 

for electricity theft in the case of Pakistan. 

 

Electricity price for the case of Pakistan is determined separately for different 

sectors of the economy. This paper has used WAPDA and KESC weighted average of 

electricity price for the household sector published by NTDC. Household sector price has 

been used in this case because most of the incidence of electricity theft is concentrated in 

household sector. 

 

IV. Results and discussion 
A. Unit root properties of data 

This paper employs Augmented Dickey and Fuller (1979) test to check whether 

the time series variables employed are stationary are not.  This test has been carried out 

both at levels and first differences and results are presented in Table 1. The test was 

carried out at the first difference of the variables as well to ensure that no variable in the 

model is I (2). The optimal lag length for carrying out the ADF test was selected using 

Schwarz-Bayesian information criterion (SBIC). The ADF results reveal that all the 

variables are integrated of order (1) and no variable is I (2). Therefore, we can now 

proceed to estimate the long-run impact of independent variables using ARDL approach 

to cointegration. 

 

Table 1: Stationarity results of the relevant variables 

 
At Levels At First Difference 

 
ADF-value P-value ADF-value P-value 

PCY -0.21 0.94 -2.95 0.04 

EP -1.35 0.61 -3.58 0.01 

Cons 2.51 1.00 -3.51 0.04 

EO -1.89 0.34 -5.09 0.00 

Theft 0.65 0.99 -4.53 0.00 

 

B. Cointegration test 
Cointegration test based upon F-statistics on equation (1) is presented in table 2. 

Optimal lag length for this test was selected using Schwarz-Bayesian information 

criterion (SBIC). The criterion indicated that the test can be conducted with an optimal 

lag length of one lag. The test results clearly reflect that the calculated value of F-

statistics which is (4.67) is greater than the upper bound at 5% level given in the table by 

Pesaran (2001), indicating that cointegration exists between variables. 

 

Table 2: Bound test for co-integration 

Dependent variable: Electricity theft 

Pesran et al. (2001). Table C1.i: case 1. No intercept and No trend 

 

Lower Bound Values Upper Bound Values K=1 

1% 4.81 6.02 F-statistics 
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5% 3.15 4.11 4.67 

10% 2.44 3.28 
  

The next step of ARDL is the application of Ordinary Least Square (OLS) for the 

estimation of long-run relationship. 

 

C. The Long- Run Equation 
Estimates of the long-run relationship between electricity theft and its 

determinants are presented in table 3.  

 

Table 3: Estimates of the Long-run equation 

  Coefficient std. Err T P>t 
95% confidence 

interval 

PCY -0.23 0.11 -2.15 0.039 -0.44 -0.01 

P 8.04 3.56 2.26 0.030 0.81 15.28 

Consumers 0.0006 0.001 3.31 0.002 0.0002 0.0001 

EO -22.09 69.17 -0.32 0.751 -162.65 118.48 

Trend 342.71 76.27 4.49 0.000 187.71 497.70 

Constant 3699.16 2586.00 1.43 0.162 -1556.22 8954.55 

 

Estimates reveal that in the long run, Per Capita income (PCY) is negatively 

related with dependent variable, namely electricity theft for case of Pakistan. It explains 

that 1 unit increase in per capita income will cause 0.23GWh decrease in electricity theft. 

It means that any increase in the per capita income will reduce the theft because increase 

in income per capita enhances the paying capacity of a household. 

 

Results also suggest that in the long run there exists a positive relation between 

number of consumers and electricity theft. It shows that a unit increase in number of 

consumers will cause (0.00063GWh) increase in electricity theft, which indicates that an 

increase in the number of consumers will result in an increase in electricity theft but with 

a very negligible ratio.  

 

 A positive relationship exists between electricity price and electricity theft. It 

shows that unit increase in electricity prices will cause (8.04GWh) increase in electricity 

theft. With the increase in prices electricity theft also increases. 

 

 Economic openness although has a negative relationship with electricity theft, 

but it is statistically insignificant. Therefore, we conclude that economic openness has no 

relationship with electricity theft in the case of Pakistan. We have used HAC-robust 

standard errors in our estimation procedure; therefore, our estimates are robust against 

any kind of serial correlation and Heteroskedasticity.  Kernel density estimate of the 

residuals from long run equation is presented in Figure 1 in the appendix. It confirms that 

the residuals are normally distributed. 

 

 

 

 



606      Pakistan Journal of Social Sciences Vol. 35, No. 2 

D. Short run dynamics 

To test the short run relationship of the study variables and the speed of 

adjustment of the error term towards the long run estimates, we have estimated short run 

ECM model and the results are presented in table 4. 

 

Error correction model (ECM) reflects that the error correction term from the 

long-run equation is negative and statistically significant. It shows that 47 percent of the 

deviation from the long run equation is corrected in each year. It shows that there is short 

run error correction in the model and it is convergent to the long-run. 

 

Table 4: Error Correction Model 

 
Coefficient std. Err T P>t 95% conf. interval 

Δtheftt-1  0.551 0.193 2.850 0.008 0.155 0.948 

Δpcyt -0.012 0.101 -0.120 0.904 -0.220 0.195 

Δpcyt-1 -0.109 0.110 -0.990 0.329 -0.336 0.117 

ΔPt 2.461 2.712 0.910 0.372 -3.103 8.025 

ΔPt-1 -9.589 2.865 -3.350 0.002 -15.468 -3.710 

Δconst 0.001 0.001 2.000 0.055 0.000 0.003 

Δconst-1 -0.001 0.001 -1.540 0.135 -0.002 0.000 

ΔEOt -2.539 62.335 -0.040 0.968 -130.441 125.363 

ΔEOt-1 -18.893 49.953 -0.380 0.708 -121.388 83.604 

ECMt-1 -0.479 0.146 -3.280 0.003 -0.778 -0.180 

Constant 114.533 161.714 0.710 0.485 -217.278 446.343 

 

V. Conclusions 
In this study, we use the annual time series data from 1971 to 2010 for estimating 

the long run relationship between electricity theft and its determinants. The unit root test 

has been applied to check the order of integration. ARDL approach has been used to test 

the existence of long-run relationship between the dependent and independent variables. 

The estimated results confirm the existence of cointegration among the variables. 

 

The results indicate significant and negative relation between per capita income 

and electricity theft. In the area of lower income groups there are more chances for the 

people to be involved in the electricity theft. Further, electricity price is positively related 

with electricity theft in the long-run. Number of consumers is positively related with 

electricity theft in the long-run. 

 

These results have far reaching implications. Since increase in prices leads to 

more electricity theft, this is a strong case for the government to make the distribution 

companies further independent by privatization to enhance the recoveries. Many of the 

developing countries adopt the electricity reforms process in order to overcome 

electricity theft, increase electricity generation and provide better quality of service to 

individuals. Just like Pakistan, in other developing countries, inabilities like poor 

maintenance, less expansion, non-fulfillment of increased demand of electricity, lack of 
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investments, and poor regulatory system cause deficiencies and inefficiencies in the 

economy. Privatization will not only be a right step in overcoming electricity theft but 

will also increase the quality of electricity services in the economy.  

 

Increase in consumer base is positively associated with increase in electricity theft 

implying that with the existing resources, increase in number of consumers leads to decay 

in quality of governance by the distribution companies. Evidence suggests that strongly 

developed institutions play an important role in coping up with electricity theft. In 

countries where institutions are under the control of strong political system, there are less 

chances of power theft. Some studies show that establishment of independent regulatory 

authority and making competition before the introduction of privatization will result in 

more electricity generation, higher generation capacity and low electricity theft. The 

government should therefore develop a strong electricity regulatory authority in Pakistan 

and enhance the competition among electricity distribution companies to overcome this 

issue. 

 

Appendix 
 

Figure 1: Kernel density graph of residuals from the long run equation 
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