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ABSTRACT 
Summer rainfall data of sixteen meteorological stations from Southern Pakistan (Sindh and 
Balochistan) has been analyzed over a period of fifty years (1951-2000) to see the El-Nino impact 
on summer monsoon in Southern Pakistan. It is shown that the summer rainfall is reduces mostly 
in Southern parts of Pakistan at the time of warming at eastern and central Pacific Ocean. As 
well; the results lead to the idea that the all El-Niño events are not essentially correlated with the 
poor monsoon in southern parts of Pakistan. The research results show that the relationship 
among El-Niño, summer monsoon and drought in this region is uncertain. 
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Introduction 
The impact of El-Niño on summer/winter monsoon in Asian sub-continent has vastly been investigated in 
several studies and found strong negative (Positive) correlation with summer (winter) rainfall in various 
parts over the globe. At large extent it also was true for subcontinent Asia. For Pakistan it is observed to 
have suppressed/enhanced summer/winter rainfall during its warm episode (Q. Z. Chaudhary, 1997). 
Apart from these studies the El-Nino is believed to have an uncertain impact on summer rains in different 
parts of the globe including Pakistan.   

On Globe, Pakistan extends North-East to South-West approximately from latitude 24° N-37° N and 
longitude from 61° E-77° E. It has four provinces, Sindh, Punjab, Balochistan and Khyber Pakhtoonkhwa 
(KP). Two provinces; Punjab and KP mostly cover the eastern and northwestern of Pakistan, whereas 
Sindh and Balochistan cover the south-eastern and south-western parts of Pakistan respectively. Basically, 
Pakistan is an agriculture country where more than 70 % of People depend upon agro-based activities. 
Irrigation water is of vital importance for their survival. The main source of irrigation is the river system 
in which the flow of water depends upon the water made available from glaciers and seasonal rainfall. 
However, the people in some arid parts of country having no canal system looks to only sky for water to 
their crops and drinking as well.  

The southern parts of Pakistan (Sindh & Balochistan, below 30º N Lat :) have already less annual rainfall 
records. Besides many reasons to have little annual rainfall in these parts of Pakistan, like topography and 
peculiar synoptic characteristics, the warm episode in different regions in Equatorial Pacific Ocean  
(El-Niño) may have exacerbating impact on reduced annual rainfall in this region.  

Climate 
Generally the climate of Pakistan is warm and arid, characterized by hot summers and cool or cold 
winters, and wide variation between extremes of temperature at given locations. The temperatures can 
be as low as -27° Celsius in the north (at Skardu) in winter and as high as +52° Celsius in the 
southern parts during summer. Pakistan’s climate is varied because of the difference in elevation from 
one end of the country to another.  The distribution of mean annual rainfall over the country indicates 
a wide variation in annual rainfall between Northern and Southern parts of Pakistan, where southern 
parts, Sindh and Balochistan, receive as low rainfall as 162.2 mm and 158.4 mm respectively. Rohri 
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(S.E part of the Pakistan) and Nokkundi (S.W part of the Pakistan) receive as lowest annual rainfall as 
of 88.3 mm and 35.4 mm respectively. [Climatic normal 1961-90; Feb:93] 

Climate Trends 
Pakistan has reasonably good net work of observatories heaving long period records of basic climatic 
parameters like rainfall and temperature. Kruss, et al (1992) on analyzing various climatic parameters 
of 35 stations of Pakistan (30 year normal for 1931-60 and for 1961-90) found cooling over northern 
Pakistan and over small area in the southeast part of Pakistan. They attributed this cooling to an 
increase in the monsoon cloudiness and rainfall. Using monthly anomalies of surface air temperatures 
of number of stations (base period 1947-70) Singh and Sontakke (1996) prepared an all Pakistan 
mean annual surface air temperature anomaly series for period 1876-1993 and observed large inter-
annual variability in the time series. A definite warming trend was seen particularly from the start of 
this century. The linear trend in their study was observed ~ 0.20C/ 100 years significant at 5 % level. 
In respect of rainfall analysis over Pakistan, Q. Z. Chaudhary (1994) constructed on all Pakistan 
summer monsoon rainfall series by taking area weighted average of 38 stations, excluding hilly 
regions of the country parallel to Himalayas mountain range and covering about 88 % of the total area 
of the country, he observed a gradual increase in the decadal averages during 1904-1953. 

Phenomena which Affects the Climatology of the Region 
Various weather phenomena like Summer Monsoon, Tropical Cyclones in Arabian Sea and Bay of 
Bengal, Western Disturbances in Mediterranean Sea and local weather systems affect the region 
during different course of time during the year. (Rodman E. Snead, 1968). 

Because of the topography of this region (Southern Pakistan) the climate is so diverse that exhibits 
unique weather patterns. The monsoon currents from east during the summer monsoon and the 
weather systems from west during the winter monsoon do not approach this region; resulting meager 
rainfall throughout the year. The less upward lifting of air due to high pressure over sea and adjoining 
coast; an inversion layer persists during the summer monsoon which resists the moisture to penetrate 
in this area, resulting less rainfall in this region. 

The western weather systems during winter approaching in western parts of Pakistan also are less 
capable of penetrating below 30° N causing less rainfall in this region. These systems if enters, are 
having little moisture fails to make significant rainfall during winter season. However some of the 
western systems give rainfall in this region while penetrating to lower latitudes during winter. 

The depressions and tropical cyclones originating in Indian Ocean approaching in the vicinity of 
Arabian Sea during the summer monsoon season have tendency of curvature far from the Balochistan 
coast and rarely hit this region, however some depressions hit coastal region of Sindh which gives 
destructive rainfall, leaving Balochistan coast still dry. 

El-Nino and its Impact  
The El-Niño and La-Nina are important temperature fluctuations in surface waters of the tropical 
Eastern Pacific Ocean. The occurrence of El-Niño is generally associated with a weak monsoon, and 
La-Niña is associated with a strong monsoon. (Webster, and S. Yang, 1992). 

Pakistan, having particular features in its topography, is one from within some climatic regions in the 
world where there are all kinds of climates during same course of the time. Deserts, mountains and 
sea have made the climate of Pakistan, especially in its southern parts, so diversified that the 
southwest of country remains almost dry besides having the seasonal low (one of the important 
factors of monsoon dynamics) in these areas during summer monsoon. Besides so many researches on 
summer monsoon behavior during the El-Niño events in different climatological regions all over the 
world, the findings on impact of El-Niño on summer monsoon in Pakistan, particularly in Southern 
Pakistan is very scarce. This region selected, in Pakistan, for this study stretches from the border of 
India, west across Sindh and Balochistan.  
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Data and Method 
Rainfall Anomaly Data  
Summer rainfall data of 16 stations of Southern Pakistan, 8 of Sindh and 8 of Balochistan, (here and 
after called region) over the period 1951-2000 (50 years) were taken from Climate Data Processing 
Center (CDPC) of Pakistan Meteorological Department (PMD) for this study in the manner so that 
each station show a significant representation of its locality and topography to cover maximum area 
in its periphery. 

Method 
In this analysis we have used method of “Ordinary Least Squires” to the regression between the 
variables rainfall and temperature by taking rainfall as dependant variable and temperature as 
independent variable. 

Annual (12 month) and seasonal (summer monsoon JJAS) rainfall of each station was calculated for 
each year. The normal of the rainfall (1961-1990) were used to check the departures for each station. 
Normal rainfall of summer monsoon of Sindh and Balochistan was calculated by taking mean of the 
total rainfall over all eight stations of Sindh and Balochistan from Normal (1961-1990). The normal 
rainfall of all 16 stations (Regional normal rainfall) was set by averaging both the Normal. The 
rainfall anomaly of each station for every year was calculated by taking mean and the standard 
deviation of each station over the period and taken the total anomaly of all stations (Region), for 
every year and the time series graphs were plotted to see the decadal variations in rainfall anomalies 
over the period (1951-2000). (Figure. 1, a-e) 
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Figure 1: Rainfall Anomaly (1951-2000) and Decadal Rainfall 
 Anomaly (a-e) in region (Sindh and Balochistan) 

SST Anomaly Data 
The month wise list of Nino 3.4 Index from 1951 to 2000 (taken from CPC-Climate Prediction 
Center, NWS- National Weather Service of NOAA-National Oceanic and Atmospheric dministration) 
 has been used to determine ENSO years (Ref: http://www.cpc.noaa.gov/ data/indices/). 

For the correlating purpose this data was rearranged to obtain year wise anomaly by taking mean of 
all 12 months of each year. Again this index was grouped to four major categories as, Very Strong, 
Strong, Moderate and Weak El-Nino years. 

The criteria to separate categories of El Nino years were made as under: 

Very strong: When the SST anomaly Ta was        ≥1.0  

Strong:          When the SST anomaly Ta was 0.7 – 1.0 

Moderate:     When the SST anomaly Ta was 0.3 – 0.7 

Weak:           When the SST anomaly Ta was 0.0 – 0.3 

Results and Discussion 
The impact El-Niño on summer monsoon rain fall is studied in southern parts of Pakistan. The 16 stations 
data of summer rainfall, sea surface temperature and El-Niño during 1951-2000 has been analyzed. The 
results comparing the rainfall and SST anomaly during the period leads to the idea that the all El-Niño 
events are not essentially correlated with the poor monsoon in southern parts of Pakistan. The research 
results show that the relationship among El-Niño, summer monsoon and drought is uncertain. Further 
research is needed to pay attention to find the key factor of impact on summer monsoon rain fall in 
southern parts of Pakistan for attribution and development of better forecasting techniques for planning 
and development in the region. 

Also the regression results shows the –ve relationship between rainfall and temperature; but when we 
checked the statistical significance of the slope coefficient of temperature it turns out to be insignificant at 
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5 % level of significance. We conclude that based on our sample and the regration analysis, there seems 
to be no or very weak correlation between rainfall and temperature. 

Pearson Correlation between rainfall and temperature shows that the correlation coefficient:γ2= -0.254, 
showing negative or weak correlation.  

Comparing Rainfall Anomaly with SST Anomaly  
Analysis of the rainfall data yields that there had been an irregular kind of rainfall during 1951–2000 
with a long departures from the normal and prolonged periodical variations in dry and wet spells like 
1971–1974 and 1997-2000. There had been 29 dry seasons during the period (Table: 1) 

Table 1: Years of dry monsoon seasons during the study period 

Dry monsoon 
(29 events) 

 

Category Rainfall Anomaly Year 

Cat: 01 Ra = -1.0 and below 1968,1974,1987,1991,1999 

Cat: 02 Ra = -0.6 – -1.0 1951,1957,1960,1963,19651,966,1969, 
1971,1972,1980,1993,1996,2000 

Cat: 03 Ra = 0.0 – -0.6 1952,1954,1958,1973,1979,1981, 
1982,1985,1986,1997,1998 

   Ra = Rainfall Anomaly 
From all 29 dry seasons 16 were inversely correlated with the El-Niño events and 13 shown positive 
correlations with the El-Niño events. 

There had been 22 El-Nino events (3 Very Strong, 5 Strong, 9 Moderate and 5 Weak) during the 
study period (Table 2). From all 22 El-Niño events 16 events (underlined) were related to poor 
monsoon (negative correlation) and remaining 06 El-Niño episodes have shown no significant impact 
on summer monsoon (positive correlation) in Southern Pakistan. The strong El-Niño events like 
1982, 1987, 1997, 1965, 1969, 1972, and 1991 were related with the poor monsoon rainfalls in the 
region (Figure. 1 a, b) but the driest monsoon seasons like 1968 and 1974 have shown positive 
correlation with the El-Niño events. 

Table 2: El-Nino events during the study period and their temperature anomalies 

El-Nino 
(22 events) 
 

Category Temp: Anomaly Year 
Very Strong Ta  ≥1.0 1982,1987,1997 

Strong Ta = 0.7 – 1.0 1965,1969,1972,1991,1992 
Moderate Ta = 0.3 – 0.7 1953,1957,1958,1963,1966,1977,1983,1993,1994 

Weak Ta = 0.0 – 0.3 1951,1979,1980,1986,1990 
   Ta = temperature Anomaly 

The variation in Sea Surface Temperature and its correlation with seasonal rain fall (Figure. 2, a-d) 
shows that most of the dry seasons were negatively related with the warm El-Niño episodes but the 
years 1953, 1977, 1983, 1990, 1992, 1994 (Figure. 2-b, c, d) shown positive correlation with the  
El-Niño episodes when seasonal rainfall recorded above normal and positively correlated with the  
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Figure 2: Rainfall and SST Anomaly during the period. (a) Temperature Anomaly T > 1.0. (b) Temperature  

Anomaly T = 0.7 - 1.0. (c) Temperature Anomaly T = 0.3 - 0.7. (d) Temperature Anomaly T = 0.0 - 0.3. 

El-Niño events during that period. Also it is remarkable to note that during the wettest monsoon 
season of 1994 there was no El-Niño event. 

Relation among the El-Niño and Summer Monsoon Rainfall 
These results leads to the idea that the all El-Niño events are not essentially correlated with the poor 
monsoon in Southern parts of Pakistan like some other parts of the world. Excluding the part of 
reasons behind this poor correlation between southwestern summer monsoon and the warming pool in 
pacific it is believed that there are so many tropical regions where the El-Niño events were not related 
to the less rainfall and droughts, even the El-Niño were associated with droughts in the Central 
American-Caribbean region (Hastenrath. S. 1976). By analyzing various annual rainfall series,  
R. P. Kane (1989) had shown a poor relationship between ENSO and the rainfall in different regions 
except for Indian summer monsoon rainfall and Victoria (Australia) rainfall. 

For these, the relationship is one-sided viz El-Niño years were associated with droughts; but many 
droughts were not accompanied by El-Niño. Incidentally, both India and Victoria are near one of the 
SO core regions (Indonesia). Ropelewski and Halpert (1987) conducted a detailed analysis of 
monthly rainfalls, which indicates that, apart from the Pacific Ocean basin, for which the precipitation 
patterns seem to have a direct relation with El-Niño, 4 regions in Australia, 2 regions each in N. 
America, S. America, the Indian subcontinent and Africa and 1 region in Central America had a 
coherent ENSO-related response.  

However, these results hold for broad areas, seasons and the precipitation time series from individual 
stations (or even small regions) can show substantial variations from episode to episode. For example, 
for the western United States, extremely dry conditions were observed during the 1976 El-Niño 
episode while anomalous wet conditions were observed during the 1982 El-Niño episode. It is 
obvious that some local or semi-global circulation patterns, including complex topographic effects are 
involved in these regions. For various regions, such local or semi-local patterns have already been 
reported. In some of these studies, latitudinal or longitudinal displacements of the inter-tropical 
convergence zone (ITCZ) and the positions of the Atlantic and Indian Ocean anticyclones, not 
necessarily connected with El-Niño episodes, were involved. Also different local circulation systems 
due to peculiar topographic conditions were noticed. 

Some other studies suggest that the southeastward shift in the Walker circulation anomalies 
associated with ENSO events may lead to reduced subsidence over the Indian region, thus favoring 
normal monsoon conditions. Additionally, increased surface temperatures over Eurasia in winter and 
spring, which are a part of the mid-latitude continental warming trend, may favor the enhanced land-
ocean thermal gradient conducive to a strong monsoon. These observations raise the possibility that 
the Eurasian warming in recent decades helps to sustain the monsoon rainfall at a normal level despite 
strong ENSO events (Krishna Kumar, et al. 1999). Recently, Sarfaraz (2007), while studying the 
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monsoon dynamics in Pakistan, mentioned two years of poor and good monsoon 2002 and 2003, 
which both were El-Nino years, but having changed climatic features influencing on summer 
monsoon. However these studies are not encouraging to have an authentic theory about the strong 
correlation between ENSO and summer monsoon in various locations all over the globe which 
essentially leads to poor forecasting state for summer monsoon. Consequently, the theory about 
strong correlation of ENSO with summer monsoon, which is considered to be a strong tool for 
predicting good or poor summer rainfall, would no more be relied upon. More studies are required to 
see the key factors affecting summer monsoon in these parts of Pakistan for better prediction 
techniques. 

Table 3: Detail of ENSO-related precipitation for selected regions of the globe 
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