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Abstract— Now-a-days, different sectors of the economy 

are being significantly affected by the electricity variable. In 

this research, we analyzed the monthly electricity 

consumption in Pakistan for the period of January 1990 

through December 2011, using linear and non linear modeling 

techniques. They include ARIMA, Seasonal ARIMA 

(SARIMA) and ARCH/GARCH models. Electricity 

consumption model reveals a significant trend due to socio-

economic factors. The monthly behavior of our forecast values 

depicts that the electricity consumption is more for summer 

season and this demand is expected to increase in future. 

Forecast model and the forecast values reveal that the 

electricity consumption is increasing with the passage of time. 

We have checked the accuracy of the models by diagnostic 

tests and then compared the forecast values to select the more 

appropriate model. In this study, the least out of sample 

forecast performance i.e.  Mean Absolute Percentage Error 

(MAPE) value and  the minimum forecast standard deviation 

value of ARIMA (3, 1, 2) show that among the four competing 

time series models, ARIMA(3, 1, 2) model is the most 

appropriate model to forecast electricity consumption in 

Pakistan.    

Keywords— ARCH/GARCH, ARIMA, Electricity 

Consumption, Forecast accuracy, SARIMA. 

I. INTRODUCTION 

Electricity is a typical form of energy and plays an 

essential role in modern life, bringing benefits and progress 

in various sectors, including transportation, manufacturing, 

mining and communication sectors. Electricity is 

considered the backbone for an economy’s prosperity and 

progress thus it plays a crucial role in socio-economic 

development. It is a tool that has capability of making 

useful contributions to planning and future policy 

formulation of energy sector. Uses of this electrical energy 

are rapidly increasing day by day. Human civilization is 

tremendously advanced by the multipurpose uses of 

electricity. For this reason, demand for electricity is 

integrated with all aspects of development. There are 

several factors directly contributing to the change of 

electrical energy consumption over time. Some of the 

important factors are Global and regional policy changes, 

demographic factors, technological factors, economic 

factors and environmental factors (climate change). 

 

Pakistan is a developing and agricultural country of 

South Asia. It is an electricity-deficient country and the 

electricity sector operates at bare capacity margin. Pakistan 

fulfils its energy requirement through different sources, 

which include oil, gas, atomic, hydral, etc. 

The electric power sector in Pakistan is operated by the 

Water and Power Development Authority (WAPDA), and 

the Karachi Electricity Supply Corporation (KESC), with 

additional generation contribution from Independent 

(private) Power Producers (IPPs). WAPDA is responsible 

for supplying power to all of Pakistan, with the exception 

of Karachi, which is supplied by KESC. Currently, 15 IPPs 

operate in Pakistan under a Build-Own-Operate (BOO) 

basis. The National Electric Power Regulatory Authority 

(NEPRA) regulates the power sector in Pakistan, which 

includes power generation, transmission and distribution. 

NEPRA is also responsible for determining electricity rates 

in Pakistan. 

[1] reported that the current electricity production of 

Pakistan is around 11,500 MW per day. The economy’s 

electricity jumped to around 20,000MW per day by 2010. 

This gap between the supply and demand in the energy 

sector in Pakistan suggests the magnitude of the energy 

crisis the economy faces. To fulfill increased electricity 

demand, planning and investment in infrastructure 

development is necessary. The unplanned outages may 

negatively affect economic growth. The government should 

adopt a policy so that a sustainable electricity supply may 

be ensured. There is abundant potential capacity of 

hydroelectricity in the country that can be tapped by 

constructing dams. 

[2] justified that Pakistan has been facing severe 

imbalance between energy demand and energy supply. 

During the past 25 years, energy supply in Pakistan has 

been increased by around 40 times, but still the demand 

outstrips supply. 

According to research of [3], current electricity crisis has 

influenced the whole economy. Electricity crisis has mainly 

affected the industries, exports and employment. Where 

industrial losses have reached to 157 billion rupees, 

unemployment losses are about 400,000.  
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On average industrial and export growth has demised to 

2.4 and 1.2 percent respectively in last few years due to 

ongoing electricity crisis, which pulled back the economic 

growth so economic growth has decreased to 2 percent in 

last few years. Currently Pakistan is going through the 

worst energy and electricity crisis of its history. Electricity 

shortfall has increased about 5000 MW, load shedding has 

increased from 8 to 14 hours daily, industrial growth has 

declined, and ultimately the whole economy has suffered. 

Economic Survey of Pakistan (2011-12) 

According to the Pakistan Economic Survey (2011-12), 

electricity generation was 94,653 GWh. The contribution of 

Hydel in electricity generation increased to 33.6 percent in 

2010-11 as compared to 29.4 percent in 2009-2010. The 

share of different sources in electricity generation is in the 

below Pie- Chart. 

Figure- 1a shows that oil is the highest source for 

electricity generation in Pakistan, while Figure-1b showing 

that as WAPDA is the main company which generates the 

highest electricity. 

II. MODELING ELECTRICITY CONSUMPTION 

Various studies of modeling and forecasting electricity 

consumption have been undertaken in the past. [4] applied 

ARIMA and cointegration analysis modeling for electricity 

demand estimation and forecast in Turkey.  

 

 

The study found, that consumers’ respond to price and 

income changes is quite limited and therefore there is a 

need for economic regulation in Turkish electricity market; 

and second, that the current official electricity demand 

projections highly overestimate the electricity demand, 

which may endanger the development of both a coherent 

energy policy in general and a healthy electricity market in 

particular. 

[5] used modeling based on econometrics method for 

forecasting electricity demand in Bangladesh. In this 

research the researcher forecasted the electricity demand 

with respect to the GDP data. The results show that as far 

as we can keep pace with the electricity demand and energy 

generation, we can successfully avoid the burden of load-

shedding. 

For developed countries, [6] indicate that there is a 

strongly positive correlation between wealth and energy (or 

electricity) consumption, and the correlation between 

electricity and wealth is stronger than the correlation 

between total energy and wealth.   However, the process of 

electricity production and consumption may emit air 

pollution and greenhouse gas which results global 

warming. Previous studies mainly utilize time-series or 

cross-sectional datasets to investigate the relevant issues of 

energy ([7])  

[8] studied Autoregressive Distributed Lag (ARDL) 

bounds testing procedure to identify the long run 

equilibrium relationship between electricity consumption 

and economic growth in Pakistan for the period of 1971 to 

2008.  

Figure 1b: Electricity Generation by Companies 

 

Figure 1a: Electricity Generation by Source in Pakistan 
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ARDL technique is used extensively in the literature for 

the purpose of modeling time series data because of the 

following two reasons. Firstly it can be applicable without 

investigating the order of integration and secondly it 

provides better results for small sample data set such as in 

our case as compared to traditional approaches to 

cointegration.  

[9] examined the relationship between electricity 

demand and temperature in Europe  by means of a panel 

threshold regression model on 15 European countries over 

the last two decades. The results show that temperature is a 

major determinant of electricity consumption in Europe and 

that the sensitivity of electricity consumption to 

temperature has increased in the recent period. Given the 

concern about global warming, these findings support the 

renewed interest in energy related questions by the 

European policymakers. 

[10] studied electricity consumption and economic 

growth in China. They proposed error-correction model 

(ECM) to examine the causal relationship between 

electricity consumption and real GDP for China during 

1971–2000. They found unidirectional Granger causality 

running from electricity consumption to real GDP but not 

vice versa. The results support the idea that there has been 

a decoupling of electricity consumption and economic 

growth.  

[11] proposed six forecasting models (ARIMA, Logistic, 

Harvey Logistic, Harvey, Combined Model and Variable 

Asymptote Logistic (VAL) model developed for electricity 

consumption in New Zealand. The forecasts obtained by 

the six developed models are compared with each other as 

well as with the national forecasts available in New 

Zealand. They concluded that VAL model is the best in the 

short and medium term domestic consumption forecasting 

while the Harvey model is the best for long term domestic 

consumption forecasting.  

For modeling and forecasting electricity consumption, 

[12] worked on two functional data techniques, functional 

analysis of variance (FANOVA) and functional 

autoregressive (FAR) model. The FANOVA analysis is 

useful for studying the seasonal patterns of consumption 

and the FAR analysis is shown to improve univariate 

forecasts. 

[13] used twenty years (from 1990 to 2009) time series 

data of Manufacturing Value Added (MVA) and energy 

consumption to forecast energy consumption up to 2021 in 

the industry level of five South Asian countries (Pakistan, 

Bangladesh, India, Nepal and Sri Lanka) (Note: MVA is a 

comprehensive measure of production which includes the 

consumption of capital, cost of labor and operating 

surplus).  

In this research simple Linear Regression Model and 

ARIMA models are used to forecast energy consumption in 

the five South Asian countries. The models developed were 

evaluated using Mean Absolute Error (MAE), Mean Square 

Error (MSE), Root Mean Square Error (RMSE) and Mean 

Absolute Percent Error (MAPE). The results found that 

energy consumption in the manufacturing industry affects 

the MVA. There was a huge increase in energy 

consumption.   

Using the electricity consumption and real GDP per 

capita data of Pakistan over the period 1971 to 2008, [14] 

worked on electricity consumption and economic growth. 

The researchers used co-integration technique to model the 

relationship between electricity consumption and real GDP 

per capita. The empirical results indicate the existence of a 

long-run equilibrium relationship between the two 

variables. The direction of causality is detected by 

employing Vector Error correction Model (VECM). The 

consequences show that there is unidirectional causality 

from electricity consumption to real GDP per capita which 

shows that electricity is a limiting factor to economic 

growth and hence shocks to electricity supply will have a 

negative impact on economic growth. 

III. ELECTRICITY CONSUMPTION IN PAKISTAN 

In this research, we will use linear and non linear 

modeling techniques for modeling and forecasting 

electricity consumption in Pakistan. They include Auto 

Regressive Integrated Moving Average (ARIMA), 

Seasonal ARIMA (SARIMA), Auto Regressive 

Conditional Heteroskedasticity (ARCH) and Generalized 

Autoregressive Conditional Heteroskedasticity (GARCH) 

model. We use trend analysis, which forecasts electricity 

consumption as a function of time. It explains how 

consumption varies with time without considering 

economic or other factors that influence energy 

consumption. 

3.1  Data description  

As Pakistan is a developing country, there is no 

appropriate arrangement for saving of energy. The demand 

of electricity in the country almost remained greater than 

the supply. Therefore it is not possible to get directly the 

monthly electricity consumption data of Pakistan. In other 

words we can say that at least consumption of electricity is 

equal to its production. Therefore we used electricity 

production data as a proxy variable to electricity 

consumption data. 
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A series of monthly electricity consumption (EC) of 

Pakistan in Giga Watt hours (Gwh), across the period from 

January 1990 through December 2011, has been used in 

this study. The data were recorded by Department of 

Federal Bureau of Statistics Pakistan. It consists of 

electricity consumption in all economic sectors (industrial, 

residential, and commercial) of Pakistan, because regional 

or sectoral disaggregated data were not available. 

Figure 1 displays the monthly electricity consumption 

data, whereas in Figure 2, the log series is plotted. We 

apply log transformation to stabilize the variance, which is 

evident from Figure 1. Figure 3 is the seasons plot shows 

that the electricity consumption is relatively higher in the 

months of May, June, July and August, due to the high 

temperature in these months.  

The data are divided into two subsets: a training set 

January 1990–December 2006 and the test set January 

2007- December 2011. The training subset is used to 

estimate the parameters and the second data set was not 

used for estimation, but was used for comparing different 

models. 

3.2 Linear Modeling Techniques 

Box-Jenkins Methodology 

Box and Jenkins (1970) were the first to approach the 

task of estimating an ARMA model in a systematic 

manner. There are three steps to their approaches which 

include identification, estimation and the model diagnostic 

checking. 

Model identification involves determining the order of 

the model. The model can be identified using Information 

criteria like Akaike Information Criteria (AIC). The model 

can be estimated using least square or maximum likelihood, 

while model can be checked by deliberating over fitting 

and residual diagnosis. 
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Forecast   Accuracy Measurement     

In literature, different criteria are used for assessing the 

accuracy of time series forecasting. The include root mean 

squared errors (RMSE), forecast error sum of squares and 

the Mean Absolute Percentage Error (MAPE).  Here, we 

use Mean Absolute Percentage Error (MAPE) to check the 

forecasting performance of the models. Mean Absolute 

Percentage Error (MAPE) is defined as; 
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                 (1) 

Where ‘N’ shows total number of observations in the 

data, ft,s  ai the forecast made at time  ‘t’  for  ‘s’ steps 

ahead and   yt+s   is the realised value of ‘y’  at time t+s . 

3.2.1  Autoregressive Integrated Moving Average (ARIMA) 

Modeling  

Using Box-Jenkins approach with AIC, ARIMA (2,1,2) 

is  the appropriate model for consumption series because of 

most least values of AIC among others. 

 An ARMA model of order (p, q) is defined 

ty = + 1 1ty + 2 2ty  +…..+ p pty  + 1 ut-1 + 

2 ut-2 + ... + q ut-q + tu         (2)      

 e.g. ARMA(2,2) model can be written as 

 
ty =  + 1 1ty + 2 2ty + 1 ut-1 + 2 ut-2 + tu    

               (3)  

Considering  = 0  and putting the estimated  

parameter values, we have 

ty
 =1.400759 1ty -0.787728 2ty +1.360282 ut-1 -          

0.897939ut-2 + tu                   (4) 

Model Diagnosis 

The models identified are tested for adequacy by plotting 

the correlogram of the residuals. The correlogram shows 

that the autocorrelation coefficients are almost small. It also 

shows that the residuals resemble white noise process; we 

can say that the series is stationary. The results of the 

regression analysis shows that Durbin-Watson Statistic is 

not less than 2, showing the evidence of no positive serial 

correlation. 

3.2.2 Seasonal Autoregressive Moving Average (SARIMA) 

Modeling 

In the case where seasonal components are included in 

ARIMA model, it is known as the SARIMA model. By 

seasonality, we mean periodic fluctuations.  
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In addition to trend, stationary series quite commonly 

display seasonal behavior where a certain basic pattern 

tends to be repeated at regular seasonal intervals. The 

seasonal pattern may additionally frequently display 

constant change over time as well. Just as regular 

differencing was applied to the overall trending series, 

seasonal differencing (SD) is applied to seasonal non-

stationary series as well.  

The monthly seasonality graph of electricity 

consumption (Figure 3) shows that the electricity 

consumption begins to increase from March through 

August by using air conditioning systems and is maximum 

in July & August while minimum in January & February. 

The plot also shows that data have seasonal and trend 

patterns with increasingly variability in variance. It means 

that the data not yet satisfy the stationary condition, both in 

mean and variance at various time periods seasonality exist. 

Unfortunately, the daily data for electricity consumption 

was not available due to which we are unable to say 

anything about the daily profile of electricity consumption 

e.g. in working days and holidays. 

Standard Box-Jenkins methodology identified 

SARIMA(2,1,2) with SMA(12) model as the most 

appropriate  model on the basis of least AIC value among 

other seasonal models. Figure 3 is the Seasonality Graph of 

Electricity Consumption and it shows that each month has a 

different average behavior, which is what characterizes a 

seasonal series.  

3.2  Non- Linear Modeling Techniques 

Testing ARCH/GARCH Effect:  ARCH Lagrange Multiplier 

(LM) Test 

This is a Lagrange multiplier (LM) test for 

autoregressive conditional heteroskedasticity (ARCH) in 

the residuals. This particular specification of 

heteroskedasticity was motivated by the observation that in 

many financial time series, the magnitude of residuals 

appeared to be related to the magnitude of recent residuals. 

The ARCH LM test statistic is computed from an auxiliary 

test regression. To test the null hypothesis that there is no 

ARCH up to order q in the residuals, we run the regression        

t
2u =  +




q

s 1

(  s st
2u    )+  t       (5)   

 

 

Where  u  is the residual, s  are the estimated 

coefficients , s  is the lag order (s=1,2,3…q) , vt  is IID . It 

is a regression of the squared residuals on a constant and 

lagged squared residuals up to order q. The F-statistic is an 

omitted variable test for the joint significance of all lagged 

squared residuals. The exact finite sample distribution of 

the F-statistic under H0 is not known but the LM test 

statistic is asymptotically distributed 2
(q) under quite 

general conditions.  

Test Procedure                        

The null and alternative hypotheses are 

    H0 :  1 = 2 = 3 =  ... = q = 0 

   H1 : At least one  j  0 for  j= 1, 2, ...., q 

 The linear regression/time series equation can be written 

as  

        yt = 1 + 2x2t + ... + k xkt + ut         (6) 

By regressing the square of the residuals obtained from 

above eq(4)  on  ‘q’  own lags to test  for ARCH  of order 

q,             

tqtqttt vuuuu  

22

22

2

110

2 ˆ...ˆˆˆ 
                

Where vt is iid.   

The test statistic is defined as (T-q)R
2 

 (the number of 

observations multiplied by the coefficient of  multiple 

correlation), and is distributed as a  2
(q). Table I shows the 

result of ARCH Test. 

Table I : ARCH Test    

     

     
F-statistic 1.585589     Probability 0.037311 

Observed 

R-squared 41.68825     Probability 0.046379 

     
     

The ARCH LM test result shows the existence of ARCH 

effect therefore we will apply ARCH model to our data . 

3.2.1 AutoRegressive Conditional Heteroskedasticity 

(ARCH) Modeling: 

The linear structural and time series models assume 

constant error variance. This assumption is not realistic in 

most of the time series data especially at high frequency. 

Therefore we often move to some non-linear models 

(volatile models)  like ARCH and GARCH  models. 
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An ARCH model of order (q) is defined as   

  ty  = 1 + 2 tx2 + ... + k ktx  + ut  ,                     

tu  ~ N (0 , th )                                                         

Where, th  =  + 1 1
2u t   + 2 2

2u t     

+.........+ q qt
2u                 (7)                  

(In literature, the variance  t
2   is usually denoted by 

th ).    ARCH (q)  model can be written as  

                    t
2 =  + 1 1

2u t + 2 2
2u t +......

  ...+ q qt
2u                                (8)                                       

Using AIC and BIC information criteria for electricity 

consumption data ,  ARCH(2)  is  the most appropriate 

model because of most least values of AIC and BIC among 

others. 

The estimated ARCH(2)  model can be written as 

 t
2  =  + 1 1

2u t   + 2 2
2u t       (9) 

  
t

2

  = 0.005462 +0.235823 1
2u t   +0.245966 2

2u t       

       (10)                          

Forecasting From ARCH(2) Model 

For one period ahead forecast, replacing t in equation 

(10) by T+1 and taking conditional expecting with respect 

to  T  ,  where T denotes all information available up to 

and including observation T  

   1
2

T  =  + 1 T
2u   + 2 1

2u T               

    (11)     

  E( 1
2

T / T  ) =  + 1 T
2   + 2 1

2
T

    (12)   

 It can be written as  

2

,1

f

T
=  + 1 T

2   + 2 1
2

T              

      (13) 

 

2

,

f

Ts =  + 1
2

,1

f

Ts
 

+ 2
2

,2

f

Ts       (14) 

3.2.2 Generalized AutoRegressive Conditional 

Heteroskedasticity (GARCH)   Modeling 

In most of the situations, we often move from ARCH 

Models to GARCH models because the GARCH models 

are 

 more parsimonious  

 avoids over fitting 

 less likely to breech non-negativity constraints 

 The ARCH part explains volatility clustering 

 The GARCH part indicates the temporal 

dependence in volatility 

The GARCH (p, q) can be written as 

t
2 =α0 + 



p

i 0

(αi it
2u ) +



q

j 0

( j jt
2 )   

       (15) 

Using AIC and BIC information criteria, GARCH(1,1) is 

the most appropriate model because of most least values of 

AIC and BIC among others. The estimated GARCH(1,1) 

model can be written as 

2

t


  =0.005802+0.197685 1
2u t   + 0.181422 1

2
t   

       (16)            

Forecasting From GARCH (1,1) Model 

For one period ahead forecast replacing t in equation 

(16) by T+1 and taking conditional expectation with 

respect to  T . {where T denotes all information available 

up to and including observation  T} 
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E(
1

2
T / T  ) =  + 1 T

2u   +  T
2  

The forecast evaluation of each model is summarized in 

Table II shows that among the four time series models 

ARIMA (3, 1, 2) model has most least out of sample 

forecast performance i.e. least MAPE value, showing that  

ARIMA(3,1,2) model is the best model to forecast 

electricity consumption of Pakistan. The forecasts for the 

next five years (2012-2016) along with 80 % prediction 

intervals are plotted in Figure 5. 

TABLE II 

FORECAST EVALUATION OF MODELS 

 

 

 

 

 

 

 

 

 

IV. CONCLUSION 

In this research study, we analyzed and obtained the 

forecast of electricity consumption in Pakistan using linear 

and non linear modeling techniques. They include ARIMA, 

Seasonal ARIMA (SARIMA), ARCH/GARCH model. The 

results of the study conclude that ARIMA (3,1,2) model is 

the most appropriate model for forecasting electricity 

consumption of Pakistan.  

The monthly behavior of our forecast values depicts that 

the electricity consumption is more for summer season and 

this demand will be highest in June and July.  

The forecast model and the forecast graph reveal that the 

electricity consumption is rapidly increasing with the 

passage of time. This indirectly indicates that the 

government of Pakistan must take effective steps to 

increase the electricity production through different energy 

sources to restore the economical status of the country by 

meeting the demand of electricity in the country. 
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