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Abstract:
In this study effort has been made to examine the relationship of Sindh monsoon
rainfall with some of very important global & regional parameters. The Sindh
Monsoon rainfall indices (SMRI) were examine with the monthly mean values of
SST(SEA Surface Temperature), IHP (Indian Ocean High Pressure), SOI
(Southern Oscillation Index), NHT (Northern Hemisphere Temperature),
Pakistan’s provincials & coastal data. It has been found that the SMRI is
significantly correlated with SOI, IHP, Mean pressure & temperature of
Balochistan, Mean temperature of Punjab, Mean Monthly Maximum
Temperature of Pasni & Jawani. Multiple regression equations have been
developed using these predicators for thirty years (1961 to 1990) of monthly
mean values. These equations then applied on the eight later years i.e. 1991 to
1998 and gave significant results.

Introduction:
Pakistan is situated in Southwest Asia. Its north and northwest covered with
high-rise mountains. The whole of the country lies approximately between 23.5
°N to 37 °N and 61 °E to 77°E. Pakistan is divided into four provinces namely
Punjab, NWFP, Balochistan and Sindh.
River Indus and its tributaries are the main rivers. These rivers flow from the
north to south towards Arabian Sea. Plain in the south is the Sindh plain. The
Sindh plain comprises mainly the province of Sindh.
During the summer monsoon period (July to September) easterly
systems/depressions form in the Arabian Sea and the Bay of Bengal, that
produces rainfall over Pakistan. The rain bearing system coming from the Bay of
Bengal and the depression that locally forms near the coastal region of Sindh
province are mainly responsible for the rainfall over this area.
The monsoon precipitation plays a very important role in the social and economic
development of Pakistan. Nearly 60% of annual rainfall over most parts of
Pakistan is received during summer (June to September). Rainfall occurs
primarily due to differential heating of the land and sea.
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Differential heating of the land and ocean creates pressure gradient that drives the
winds from high pressure to low pressure. Air circulation will start if one region
is heated or cooled more than some other region. Joshi et al. (1988) noted the
differential heating of the continents and the adjoining ocean to be the primary
cause of the summer monsoon circulation over South Asia.
The distribution of mean annual rainfall over the country indicates that the
northern parts of Pakistan receive heavy rainfall of over 700 mm while the
southern parts of Balochistan and Sindh receive rainfall less than 200 mm (Table1). The normal isohyetal map is shown in Figure-1
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The intra – seasonal variability rainfall is high over Balochistan and Sindh. This
intra- seasonal variability is due to snow cover hills, soil moisture and varying
sea-surface temperature. (Shukla, 1987). The intra - seasonal variability in
summer rainfall (JJAS) sometimes leads to droughts and floods over different
parts of Pakistan. The result is reduced agricultural production affecting the
national and regional economy.
In view of the agricultural out put and industrial production both being affected
by the intra-seasonal variability of the summer (JJAS) monsoon rainfall. Hence
prediction of the summer monsoon rainfall is very essential for planning and
policy making.
In the present study an attempt has been made to develop a prediction model of
summer monsoon rainfall over the Sindh province of Pakistan. In this context the
interaction of ocean-atmosphere coupled phenomena like:
•
•
•
•
•
•

Sea Surface Temperature (SST),Nino 1+2
Sea Surface Temperature (SST),Nino 4
Southern Oscillation Index (SOI)
Indian Ocean High Pressure (IHP)
Northern Hemisphere Temperature(NHT)
As well as number of local meteorological parameters have also been
considered.

Gilbert Walker (1910, 1923) developed an objective procedure for long-range
forecast of monsoon precipitation over India. He (1924) also attempted long
range forecast for sub regions of India (pre independence) by dividing the
country into three regions: peninsula, north-east India and North-west India.
Regression formulae were developed separately for these three regions.
The regression equation for North West developed by Walker was modified by
Pakistan Meteorological Department during 1948-1951 for the whole of Pakistan.
The new regression equation was developed for predicting summer rainfall
(JJAS) for Pakistan and this method has been in operational use since then. So far
the prediction results of this model have been satisfactory under normal
prevailing conditions. However some time the result has been poor due to
abnormal weather conditions (local & topographic effects), Zeya & Khan (1991)
No serious attempts however appeared to be made to modify the operational
prediction formula for summer rainfall for quite a long time. Chaudhary (1992)
developed a regression formula using six predictors for summer monsoon rainfall
over Pakistan as well as for the following two provinces of Pakistan.
I. North West Frontier province summer monsoon rainfall.
II. Punjab-summer monsoon rainfall.

93

Pakistan Journal of Meteorology

Vol 2: Issue 4: (Nov, 2005)

For the other two provinces he has identified the following potential predictors:
•
•
•

Temperature for number of cities in Pakistan as well as North
hemisphere & El-nino.
Surface level pressure field over Pakistan & Southern Oscillation
Index.
500 hpa ridge position at 75 degree east in April, 10 hpa zonal
pattern in January, Eurasian snow cover of December.

Further development for Sindh summer monsoon rainfall has been under taken in
this paper. Gradually prediction equation for other provinces will be developed.

Data:
The SST data consist of monthly mean temperature value for grid points in each
5 degree longitude area with large regions Nino 1+2 (0-10S) (90W-80W)& Nino
4 (5N-5S)(160E-150W )for the period 1960 to 1988. The data sources are NCEP
and NOAA.
The SOI is the monthly value (anomaly) of the difference in mean sea level
pressure (MSL) between Tahiti (18°S, 15°W) and Darwin (12°S, 131°E) This
index was recommended for the inter annual climate variability by chen (1982).
The period of the data used is 1960 to 1988 and sources are NCEP and NOAA.
Mean Monthly values of Indian Ocean High Pressure, in hPa for the period of
1960 to 1990 were used.
The monthly mean temperature values (in degree C) of Northern Hemisphere
have been taken for the period 1960 to 1988 from CD/AC and ESD.
The rainfall data used in this study consist of monthly total rainfall values (in
mm) for eight station of Sindh for the year 1961 to 1988. The data for first 30
years were used to develop regression equation and later eight years data were
used to verify the equation. The data were obtained from a Computerized Data
Processing Centre (CDPC), Pakistan Meteorological Department. Selected
station and the rainfall fluctuation over months of the normal period( 1961-90)
are shown in Tabl-2 & Figure-2 respectively.
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Mean monthly temperature (in degree C) of the following nine stations having
good quality of data of Punjab province for the period 1960 to 1998 were taken.
Mean Monthly Station Level Pressure at 1200UTC (in hPa) of nine stations,
having good quality of data of Punjab province for the period 1960 to 1998 were
used.
Mean monthly temperature (in degree C) of the following eight stations, having
good quality of data of Balochistan province for the period of 1960 to 1998 were
taken.
Mean Monthly Station Level Pressure at 1200 UTC (in hPa) of all above eight
stations, having good quality of data, of Balochistan province for the period 1960
to 1990 were utilized.
Mean Maximum Temperature of Pasni & Jiwani for the period 1960 to 1998
were taken.
Mean Minimum Temperature of Pasni & Jiwani for the period 1960 to 1998 were
taken.

Method / Procedure:
Most of the studies in long range forecast are based on the statistical and
empirical techniques. Pakistan is divided by four regions, Sindh, Balochistan,
Punjab and North West Frontier Province (NWFP). The northern parts (NWFP
and Punjab) received total 9293.6 mm normal (JJAS) rainfall and southern parts
(Sindh and Balochistan) received total 2605.7 mm normal rainfall during summer
(JJAS) monsoon (table-3). Rainfall indices were developed for each year by
using following formula:
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Rainfall index for year j
amount of the rainfall in the season at station i in the year j
Average rainfall for the years considered at station i.
Standard Deviation of rainfall at Station i.
Number of stations.

Eleven following parameters were selected for the period June 1960 to May 1990
for the examination of significant Correlation coefficient at 95% significance
level.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Sea Surface temperature, Nino 1+2 (SSTa).
Sea Surface temperature, Nino 4 (SSTb)
Southern Oscillation Index(SOI)
Indian High Pressure (IHP)
Northern Hemisphere Temperature (NHT)
Mean monthly pressure of Balochistan(BLCH-PP)
Mean monthly temperature of Balochistan (BLCH-TM)
Mean monthly Pressure of Punjab (PUNJ-TM)
Mean monthly temperature of Punjab (PUNJ-PP)
Mean Maximum Temperature of Pasni & Jiwani (J-P-TX)
Mean Minimum temperature of Pasni & Jiwani (J-P-TN).

The SMRLs for the period 1961 to 1990 were correlated with the above
mentioned 12 predictors for the period June 1960 to May 1990. It was observed
that out of these twelve predictors have significant correlation coefficients. These
nine predictors were retained for developing the required regression equations(s)
1.
2.
3.
4.
5.
6.
7.
8.
9.

SOI, last year June (SOL-06)
NHT, current year January (NHT-01).
IHP, last year August (IHP-08)
Mean Pressure of Balochistan, last year June (BLCH-PP6)
Mean Pressure of Balochistan, last year July (BLCH-PP7)
Mean Temperature of Balochistan, last year September (BLCH-TM9)
Mean Pressure of Punjab, current year May (PUNJ-PP5)
Mean Temperature of Punjab, May (PUNJ-TM5)
Mean Maximum Temperature of Pasni & Jiwani, last year December
(J-P-TX12)
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In this study all calculations are based on the normalized value of rainfall of the
selected stations. For other predictors their anomalies have been taken into the
consideration.
Two approaches have been made in developing the prediction equation.

Approch-1:
SMRIs developed using data (average. & standard deviation) for the period 196190
These predictors were further screened out by forward stepwise regression
method. The model gave only five predictors (Table 4b)
Following are the multiple regression results of forward stepwise regression by
taking SMRIs as dependent variables.
1:
4:
7:
10:

SOI_06
BLCH_PP6
PUNJ_PP5
SMRIs

2:
5:
8:

NHT_01
BLCH_PP7
PUNJ_TM5

3:
6:
9:

LHP_08
BLCH_TM9
J_P_TX12

The regression equation was used to predict SMRLs for the period 1991-98. The
graph is shown to figure-4a & predicted SMRLs value in table-4c.
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Approach-2:
In this approach SMRIs were developed using data (i.e.average &SD) of the rain
period 1961-90, 1961-91, 1961-92----,1961-98
The regression equation developed in this model uses the same nine predictors
for screening of potential predictors. For each year previous year SMRI and
current year predictors data were used. For example, for calculating the rainfall
for the year 1991 prediction equation was developed using the SMRIs values of
1961-90 and all the other nine predictors up to the may 1991 were put for
screening by the stepwise forward multiple regression method. The model out put
is given in table-4d.
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Similarly for predicting the rainfall of the year 1992 actual rainfall for the year
1991 (JJAS) of the selected stations were taken into account to calculate the
SMRIs 1961-91 and new prediction equation for the year 1992was developed by
means of all the other nine predictors up to the year1991, Putting them for
screening by the stepwise forward multiple regression method. The model output
is given in table-4e.

For the years 1993-98 separate regression equations for the required year were
developed. The model output is given in table-4f to table-4k.
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The comparative graph for actual and predicted values of SMRIs is given figure4b and the values of above SMRIs for the period 1991-98 is given in table-41.
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Result and Conclusions:
The root mean square error for approach-1 & approach-2 are 1.327495 and
1.25255 respectively. The values of the two errors are very close to each other.
Hence the equations derived from above two approaches are equally good.
This study explores the relationship of several global and local parameters
(predictors) with Sindh Monsoon Rainfall. The parameters specially SOI (last
year June), IHP (last year August) and Jiwani-Pasni maximum temperature (last
year December) are significantly correlated with the Sindh Monsoon Rainfall
Index, preceding the onset of the monsoon. The predicted values, using the two
approaches for the years 1992 and 1994 are not very satisfactory because of the
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occurrence of abnormal rainfall in these two years. Whereas, for the years 1995
up to 1998 the predicted values are highly satisfactory.
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