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Abstract 
The South Asian High (SAH) variability is known to have significant contribution in the success 
and failure of summer monsoon precipitation (JAS) of Pakistan situated within South Asia. This 
study aims to analyze the impact of South Asian High (SAH) variability on the summer monsoon 
precipitation in Pakistan. The principal component analysis shows strong positive temporal 
correlation coefficient between SAH (200 hPa) and monsoon (JAS) precipitation i.e.  0.7 for the 
period 1980-2010. The streamline and precipitation analysis shows that  Pakistan receives heavy 
precipitation during strong SAH years (1988, 1992, 1994, 2010) due to westward (70°E-80°E) 
movement of SAH from its mean position  and experience suppress precipitation during weak SAH 
year (1987, 1997, 2004, 2009) due to eastward (90°E-110°E) oscillation of SAH. The isotherms 
analysis shows negative anomalies in strong SAH years and positive anomalies in weak SAH 
years over most parts of Pakistan. The minimum values of divergence of moisture flux (DMF) at 
850 hPa in strong SAH years and nil DMF in weak SAH years has been observed over western 
parts of Pakistan. The wind field (850 hPa) analysis has shown the evident stimulation of moisture 
from Arabian Sea incase of strong SAH years and quite minute stimulation of moisture in weak 
SAH years. Hence, it is evident from the study that the strength and oscillation of SAH and 
summer monsoon precipitation (JAS) in Pakistan are strongly inter-reliant upon each other. It is 
anticipated that climate change can lead the country towards extreme droughts and extreme 
flooding. This study will be helpful for the forecasters who can use the behavior of SAH (Tibetan 
High) as an indicator for prediction of intense and weak summer monsoon rainfall. 
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Introduction 
The Asian monsoon is an imperative component of global climate system. The Asian monsoon is 
comprised of three sub-systems: the South Asian Summer Monsoon (SASM), the Western North Pacific 
Summer Monsoon and the East Asian Summer Monsoon.  The Asian monsoon is referred to as seasonal 
reversal of winds. The South Asian High (SAH) remains centered at 30°N during South Asian summer 
monsoon (SASM) (Rasul and Chaudhry, 2010). The intense convection along with profuse amount of 
latent heat release from condensation is observed in SASM. Besides differential heating of land and sea 
the topographic effect of south Asia also has significant influence on the patterns of monsoon systems. 
The variability in monsoon precipitation affects human lives and agriculture sector both in South Asia and 
southwestern China (Liang-lei et al., 2006). 

The South Asian High which is also known as Tibetan High forms due to the intense heating of Plateau 
and the radiational balance. Tropical Easterly Jet (TEJ) subsists in its south and Westerly Sub-Tropical Jet 
(STJ) in north (Sarfraz, 2007). SAH is one of the principal circulations of the upper troposphere in 
summer over Asian regions. It plays significant role in the atmospheric circulation patterns of Asian 
continent. The weather and climate of South Asian region is highly dependent upon the variability of 
South Asian High. It may be attributed to the flooding or drought distribution in the Asian region (Zhang 
and Wu, 2001; Huang and Qian, 2004; Yonghua et al., 2006). Jiang et al., 2011 have also reported the 
interannual and Interdecadal variations of South Asian High and its association with summer climate over 
Asian regions. When SAH strengthen monsoon circulation becomes weaker over East Asia but stronger 
over South Asia. Zhao et al., 2011 has also supported this fact further that as the SAH intensifies in upper 
troposphere and low pressure intensifies in lower troposphere, southerly–southwesterly winds prevail 
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over Asian monsoon regime resulting in the strong transport of moisture northward and enhanced rainfall 
occur over the Asian monsoon region.  

The variability of subtropical highs has been influenced by numerous factors like interaction between 
certain circulation features (Yu and Wang, 1989) topography of a region (Yanai and Wu 2006) 
atmospheric heating related to Asian Monsoon (Chang et al., 2000 ; Duan and Wu, 2005) Sea Surface 
Temperature (Zhao et al., 2011) and diabetic heating (Liu and Wu 2004). The subtropical highs (STH) 
tend to expand and strengthen during summer; as a consequence the precipitation can trigger in the 
domain of STH systems in the presence of strong local updrafts and sufficient transport of water vapor. 
The precipitation associated with periphery of STH systems has been given massive attention since the 
variations occurred in STHs having noticeable impact on the general circulation and on the development 
of nearby weather systems (Sha et al., 2009). Zhang et al., 2005 stated that atmospheric heating along 
with terrestrial conditions collectively develop SAH. The SAH evaluates the features of monsoon over 
large part of tropical Asia and hence its variability changes the Asian monsoon precipitation patterns. 
Various studies indicate the impact of SAH on Asian climate during summer when the monsoon systems 
are fully established in the northern hemisphere (Liu and Wu, 2000; Wu et al., 2003; Liu and Wu, 2004). 

South Asian High is considered to be the main steering force for the monsoon systems in Asian region. 
Hindcasts studies showed that the emphasis has been given to its role in East Asian Monsoon but very 
few studies (Faisal et al., 2010 and Faisal et al., 2011) have discussed the SAH variability over South 
Asian region focusing Pakistan. Pakistan is an agrarian country and livelihood of millions of people 
depends upon the monsoon success. Therefore this area of research needs to be investigated. The aim of 
this study is to investigate a link between SAH variability and summer monsoon precipitation on a micro 
level in Pakistan. It is implicit that this study will be beneficial for the forecasters and scientists working 
in this area of research. 

Data and Methodology 
The data sets of Japanese 25-year Reanalysis (JRA-25) which is available from 1979 to present with 
horizontal resolution of 1.25° × 1.25° have been used in the study. The parameters considered in the 
analysis were geopotential height (200 hPa), winds (850 hPa) and precipitation for the summer monsoon 
i.e. July-August-September (JAS) period. The real time monthly area weighted monsoon (JAS) 
precipitation from 1980-2010 was provided by the, Climate Data Processing Center (CDPC), Karachi one 
of the data archives of Pakistan Meteorological Department. 

 

 

 

 

 

 

 

 

 
 
 

Figure 1: Study domain of SAH (20°N-35°N & 65°E-95°E) and Monsoon  
belt in Pakistan (32°N-34°N & 71.5°E-74.5°E) 
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Figure 1 illustrates the study domain selected for the observed area weighted monsoon precipitation is 
32°N – 34°N and 71.5°E – 74.5°E which comprises of fourteen stations of North Punjab, Azad Jammu & 
Kashmir and North Khyber Pakhtunkhwah located in monsoon belt of Pakistan. Whereas the study 
domain of South Asian High (Tibetan High) is taken from 20°N-35°N and 65°E-95°E at 200 hPa (Peiquin 
et al., 2005). The pressure at 200 hPa is extracted at each grid point of the domain through GrADS (Grid 
analysis and Display System). The Principal Component Analysis (PCA) also known as Empirical 
Orthogonal Function (EOF) has been applied on the girded data to investigate the South Asian high 
variability using MATLAB software. The sorting of weak and strong monsoon years was done by 
applying PCA on the monthly area weighted monsoon precipitation 1980-2010. The selected wettest 
(strong) monsoon years when Pakistan faced flooding situation were 1988, 1992, 1994 and 2010 and dry 
(weak) monsoon years when Pakistan faced drought like conditions were 1987, 1997, 2004 and 2009. The 
temporal correlation between the anomaly matrix of precipitation and pressure at 200 hPa has also been 
drawn. The spatial correlation of pressure at 200 hPa was also investigated. 

Results & Discussion 
Temporal Correlation between SAH and Monsoon Precipitation in Pakistan 
The temporal correlation between the first principle component of Pressure at 200 hPa and 
precipitation (JAS) from 1980-2010 was analyzed by using PCA technique developed by Pearson 
(1901) and Hostelling (1933). PCA is a way of classifying the anomalous patterns in the data. The 
Eigen Vector with the highest Eigen value is the PC1 of the data set. PCA shows the variability in the 
data sets (Haroon and Rasul, 2009). A strong positive correlation of around 0.7 has been observed 
between the first principle component of Pressure at 200 hPa and summer monsoon precipitation 
(JAS) 1980-2010. The results signify that there is a direct correlation between both the PC1. The 
variability of SAH have shown strong positive correlation with variability of monsoon (JAS) 
precipitation in Pakistan. The Figure 2 depicts that the South Asian High (SAH) strengthens during 
the wettest years (1988, 1992, 1994 and 2010) and weakens during the driest years (1987, 1997, 2004 
and 2009) in Pakistan. The strong and weak monsoon years have been sorted out on the basis of 
temporal correlation. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2: Temporal Variation in the first principal component for Pressure at 200 hPa  
(dashed line) and Precipitation (JAS)  (solid line) 1980-2010 
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Spatial Correlation of Pressure at 200 hPa 
The spatial correlation of Pressure at 200 hPa has also been calculated by PCA. It has been seen that 
the maximum positive values are concentrated over Tibetan plateau as shown in Figure 3. The intense 
heating of the plateau and Gobi desert leads to the formation of SAH over the regions. The mean 
position of SAH at 200 hPa can be indicated by the large concentration of positive loads over Tibet. 
The oscillation of SAH from its mean position and strengthening as well as weakening of SAH 
contributes a lot in dynamics of monsoon precipitation over Pakistan. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3: Spatial Correlation of Pressure at 200 hPa 

Role of South Asian High in Summer Monsoon Precipitation of Pakistan 
The stream line analysis at 200 hPa has been done to study the oscillation of SAH and its role in 
monsoon variability. The composites of streamlines and precipitation (JAS) clearly depicts that the 
South Asian High becomes stronger during intense monsoon years (1988, 1992, 1994 and 2010) and 
weakens during suppress/weak monsoon years. The SAH oscillates either east-west or north-south 
direction. Figure 4 shows that the more it moved towards west more rain was experienced by the 
monsoon belt in Pakistan during summer. The SAH results in strong divergence in the upper 
atmosphere and heat low results in strong convergence at surface level in summer making a system of 
monsoon precipitation strong.  Figure 5 illustrates the suppress periods of monsoon (1987, 1997, 
2004 and 2009) in Pakistan. It can be observed that SAH moves more eastwards during these dry 
years. The country experienced the very weak monsoon in 1997 and 2009. It has also been observed 
that suppressed monsoon years match the El Nino patterns. The excess and shortage of summer 
monsoon precipitation adversely impact the livelihood of a large community in Pakistan. 
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Figure 4: Streamline analysis at 200 hPa and Monsoon (JAS) precipitation (mm) during  
strong SAH years in (a) 1988 (b) 1992 (c) 1994 and (d) 2010 

 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 
Figure 5: Streamline analysis at 200 hPa and Monsoon (JAS) precipitation (mm) during weak 

 SAH years in (a) 1987 (b) 1997 (c) 2004 and (d) 2009 

(a) (b) 

(c) (d) 
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(c) (d) 
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The agriculture and water sectors are the two prime victims of monsoon surplus or deficit. Summer 
monsoon is the major source of water besides snow and glacier melt in Pakistan. Therefore in the 
strong SAH years when surplus monsoon rains occurred, heavy flooding invaded in the country 
destroying the agricultural fields, infrastructure and human settlements. In case of weak SAH years 
when inadequate monsoon rains happened, Pakistan experienced drought like conditions badly 
affecting the growth and final yield of crops in rain fed areas. The severe heat waves have also been 
observed during such episodes making situation worse for the citizens of Pakistan (Maida and Rasul, 
2011). Hence SAH variability significantly affects the summer monsoon precipitation (JAS) of 
Pakistan. 

Figure 6 show that in Pakistan the normal rainfall for monsoon (JAS) period is 137.5 mm (Sarfraz, 
2007). Out of which highest intensity of rainfall occur in Khyber Pakhtunkhwah (225.2) and Punjab 
(235.7mm) while lower amount of rainfall occurs in Sindh (127.5 mm) and Balochistan (58.8 mm). 
The strong SAH years shows that monsoon (JAS) rain is quite well above 137.5 mm. Whereas the 
weak SAH years indicate that monsoon (JAS) rain is well below normal. 

 

  

 

 

 

 

 

  

  

 
Figure 6: Normal Monsoon (JAS) Rainfall in Pakistan 

Thermal Regime 
Temperatures generally increase with decrease in precipitation most probably because of the 
variations in solar radiations due to absence and presence of cloud cover. Temperatures are inversely 
proportional to precipitation so the fall and rise in temperature can be associated with precipitation. 
Therefore temperature anomalies have also been plotted for the strong SAH years (1988, 1992, 1994 
and 2010) and weak SAH (1987, 1997, 2004 and 2009). Temperature anomalies further support the 
evidence of surplus and suppressed monsoon years with the fact that during strong SAH years 
negative anomalies are found over most of Pakistan as shown in Figure 7. However, during weak 
SAH years, strong positive anomalies can be observed over most of the Pakistan as shown in Figure 
8. It has also been noticed during the study that there is also sharp increase in positive temperature 
anomalies over Western Russia (40°E - 60°E and 40°N-60°N) in 1988 and 2010. The heavy flooding 
situations have been faced by Pakistan during these two years. 
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Figure 7: Temperature Anomalies during strong SAH years in (a) 1988 (b) 1992 (c) 1994 and (d) 2010 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8: Temperature Anomalies during weak SAH years in (a) 1987 (b) 1997 (c) 2004 and (d) 2009 
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Divergence of Moisture Flux and Wind Field at 850 hPa 
The minimum Divergence of Moisture Flux (DMF) can be seen on extreme western parts of Pakistan. 
The minimum DMF means the presence of negative values over Western Balochistan and Southern 
Khyber Pakhtunkhwah (KPK) i.e. -50 × 107g hPa-1cm-2s-1. The minimum DMF indicate strong 
convergence over the western regions of Pakistan. This is mainly due to the development of well 
marked low pressure surface area over Balochistan during summer (May-September) in Pakistan. It is 
usually called as seasonal low/heat low. The tremendous amount of solar radiations received by the 
regions surrounding Arabian Sea in April due to sun inclination and intense surface heating are the 
factors entirely responsible for the formation of heat low. The position and intensity of this seasonal 
low plays an important role in developing the weather for Southern (Sindh and Balochistan) Pakistan. 
It oscillates back and forth and considered to be an essential element of monsoon driving force other 
than South Asian High (SAH) in Pakistan. When it shifts to northeast eastwards to North Khyber 
Pakhtunkhwah (KPK), rain/thundershower are experienced in the Punjab and Upper KPK, especially 
over hills (Shamshad, 1988).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 9: Divergence of Moisture Flux and Wind field at 850 hPa during strong  
SAH years in (a) 1988 (b) 1992 (c) 1994 and (d) 2010 

Figure 9 also illustrates this fact that the minimum DMF and strong convergence over western parts 
of Pakistan provide highly favorable condition for the development and formation of heavy 
precipitation system over monsoon belt in Pakistan during strong SAH years (1988, 1992, 1994 and 
2010). The wind field analysis at 850 hPa has also been done to examine the general circulation 
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patterns during heavy monsoon years. The wind field analysis shows the quite visible induction of 
moisture from Arabian Sea making conditions positive for heavy precipitation during strong SAH 
years. Figure 10 depicts that the during weak SAH years (1987, 1997, 2004 and 2009) the Divergence 
of Moisture Flux is almost nil over western parts of Pakistan making unfavorable conditions for 
precipitation over monsoon belt (North Punjab and North KPK) in Pakistan. The wind field analysis 
at 850 hPa shows the inadequate moisture induction from Arabian Sea. The wind flows across the 
southern parts (Balochistan and Sindh) of Pakistan during weak SAH years. The change in general 
circulation patterns during weak SAH years can also be attributed to monsoon precipitation failure in 
Pakistan. 

Summary 
The South Asian High is one of essential factors responsible for deriving monsoon systems in Asian 
region. It is concluded on the basis of discussed results that the South Asian High strongly impacts the 
summer monsoon (JAS) precipitation in Pakistan. A strong positive temporal correlation of 0.7 between 
South Asian High (SAH) and summer monsoon precipitation (JAS) has been observed from 1980-2010 
during the study. The strong SAH years (1988, 1992, 1994, 2010) and weak SAH (1987, 1997, 2004, 
2009) has been sorted with the help of Principle Component Analysis. The streamline and precipitation 
analysis illustrate the fact that when SAH oscillates more westward and strengthens, a substantial amount 
of precipitation sometimes leading to flooding state in Pakistan and when SAH weakens and oscillate 
more eastward from its mean position (28°N-80°E) scanty amount of rainfall is experienced by the 
country. The isotherms analysis has also been conducted to further strengthen the fact that SAH 
variability affects the summer monsoon precipitation. The results shows positive anomalies in weak SAH 
years and negative anomalies in strong SAH over most parts of the country particularly monsoon belt 
which receives the maximum amount of precipitation during summer monsoon period (JAS) in Pakistan. 
The divergence of moisture flux and wind field analysis at 850 hPa has also been done to check the 
convergence zone and source of induction of moisture in strong and weak SAH years. The strong SAH 
years depicts minimum divergence of moisture flux at 850 hPa over western parts of Pakistan which 
means strong convergence resulting strong updrafts and heavy precipitation. Whereas in weak SAH years 
the values of divergence of moisture flux is nil over western parts of Pakistan which means no 
considerable convergence and hence no well-built support for the systems of monsoon. The wind field at 
850 hPa analysis shows the clear induction of moisture from Arabian Sea during strong SAH years (1988, 
1992, 1994, 2010) while this induction of moisture is absent in weak SAH years (1987, 1997, 2004, 
2009). 
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