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[1] In this paper, by using the Principal Component
Analysis (PCA) technique monthly zonal wind indices over
Tibetan Plateau (25�N–45�N, 75–105�E) (TP) at 200 hPa
have been constructed for the period 1948–2006. These
indices are referred as Tibetan Zonal Wind Index (TZWI).
The relationship between the TZWI and Indian summer
monsoon rainfall on monthly basis has been studied by the
correlation analysis. From the analysis, it is observed that
pre-monsoon months (April and May) of TZWI show the
significant inverse relationship with June and July rainfall
over India respectively. The study may be useful for
forecasting rainfall activity in June and July months, which
are crucial months from the agricultural point of view.
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1. Introduction

[2] The June and July rainfall activity over the Indian
region is very important from the agriculture point of view.
In the recent years of 2002 and 2004, July rainfall was
largely deficient, rainfall departure being �49% and �19%
respectively. However, no dynamical and statistical models
have estimated such a large deficient rainfall anomaly.
Therefore, it is necessary to search the atmospheric signal
to give some idea about the sub-seasonal rainfall activity
well in advance.
[3] Owing to the sparse nature of the data availability

on TP prior to the 1980s, studies relating the Indian
summer monsoon rainfall and any meteorological field
over the TP are scarce. The availability of good-quality
of data over the TP during the recent period provides an
opportunity to explore various aspects of the effects of the
TP and its relationship with the Indian summer monsoon
circulation.
[4] The Tibetan Plateau has been mentioned as one of the

most important factor for the generation and maintenance of
summer monsoon circulation over India. It has been recog-
nized as the heat source/sink in summer/winter for the
monsoon circulation over India. During NH summer, the
TP due to its high elevation receives a large amount of solar
radiation, which effectively heats up the mountain surface
and creates a strong heat contrast at the mid-troposphere
level. This causes a heat low near the surface and anticy-
clone (Tibetan High) above. The sensible heat as well as
latent heat flux released over the TP drives the Asian

monsoon circulation and strongly influence global circula-
tion patterns. The importance of the TP in Asian monsoon
rainfall variability is studied by large number of scientists,
e.g., Flohn [1965, 1968], Krishnamurti [1971], Chang
[1981], Luo and Yanai [1983], Fu and Fletcher [1985], Li
and Song [1992], Yasunai [1998], Lin and Zhao [2000], Yin
et al. [2000], Liu and Chen [2000], and many more. The
thermal effects of TP on the planetary-scale summer mon-
soon circulation have been studied by Gao et al. [1981],
Nitta [1983], Luo and Yanai [1984], Shi and Smith [1992],
Yanai et al. [1992], etc. The role of circulation over TP in
pre-monsoon also plays an important role as evident by
number of studies. Results of General Circulation Model
(GCM) experiments, Ose [1996] showed that the anomalous
cooling due to positive snow mass anomalies in early spring
over Tibet tends to produce a weak Asian monsoon.
Kripalani et al. [2003] have suggested that the spring
snowmelt in the western Himalayas may be related to
rainfall over India in the following summer. Recent studies
have shown that the heating and cooling over the TP have
significant effects on the South and East Asian monsoons
[Ueda and Yasunai, 1998]. Luo and Yanai [1983] described
the eastern plateau as a huge chimney funneling water
vapour from the lower to the upper troposphere. Conse-
quently, monthly mean rainfall in the eastern plateau is
observed to be more than that of the western plateau.
Murakami [1987] showed that the sensible heat flux is
extremely large over arid western Tibetan Plateau during
June as compared to the eastern side. Therefore, there is a
sharp contrast between the western and eastern plateau in
terms of precipitation and moisture distribution.

2. Data and Method

[5] The daily grid point zonal wind data(u) over the
Tibetan Plateau (25–45�N, 75–105�E) at 200 hPa for the
period 1948–2006 have been taken from CDAS-NCEP/

Figure 1. The region for the development of Tibetan zonal
wind Index.
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NCAR reanalysis data from the website nomad3.ncep.
noaa.gov.
[6] For the development of zonal wind indices over the

TP the entire plateau has been divided in to two blocks
(Figure 1), one is western block (30–45�N, 80–90�E) and
another is eastern block (30–45�N, 90–105�E). PCA
method has been applied to daily grid point u component
(at 200hPa) over two blocks mentioned above. The monthly
u component time series (combining the PC1+PC2) have
been constructed for both the blocks. The variance
explained by PC1 plus PC2 over the two blocks are 92 %
and 88 % respectively. The monthly gradient between
western and eastern blocks have been computed by taking
the difference between (PC1+PC2) of respective block and
referred as TZWI.
[7] The monthly Indian summer monsoon rainfall data

have been taken from the website http://www.tropmet.res.in.

3. Discussions

[8] The correlation coefficients between pre-monsoon
months TZWI and summer monsoon rainfall over India
have been computed for all four monsoon months from June
to September. From the analysis it is observed that April and
May TZWI show significant (5% level) inverse relationship
with the June and July rainfall respectively as depicted in
Figures 2a and 2b. The stability of relationship is tested
using the 30 years running window technique and results
are presented in Figures 3a and 3b. From Figures 3a and 3b
it is seen that after 1970 the relationship is quite significant

for July and stable. However, significance of the relation-
ship (Figure 3a) between April TZWI and June rainfall
somewhat declines in recent period.
[9] There is no significant relationship between pre-

monsoon months TZWI and August and September rainfall.
It is difficult to explain why there is no significant relation-
ship between pre-monsoon TZWI and August and Septem-
ber rainfall. The probable reason may be that after
established phase of monsoon other components of mon-
soon play a crucial role.

4. Development of a Regression Model

[10] In this section, an attempt has been made to develop
a simple linear regression model for the summer monsoon
rainfall of June and July with April and May TZWI
respectively as predictor for the period 1948–2006. The
performance of a regression model is shown in Figures 4a
and 4b. It is seen that the observed and estimated rainfall
shows close resemblance after 1972. Also the performance
of model is tested by using Jackknife method [Shao and Tu,
1995]. The model is tested for July rainfall. A model is
developed repeatedly using 39 (1968–2006: a stable and
significant period) years of data, leaving each time 1 year,
randomly selected, for testing the model. The relationship
developed has the form:

Ri ¼ a0 þ aixi þ e;

i ¼ 1; 2; . . . :; n where n is the number of yearsð Þ

Figure 2a. Relationship between Tibetan zonal wind
index in April and June Rainfall departure in (%) over
India for 1948–2006.

Figure 2b. Relationship between Tibetan zonal wind
index in May and July Rainfall departure in (%) over India
for 1948–2006.

Figure 3a. 30 year running CC between Tibetan zonal
wind index in April and rainfall departure in (%) over India
in June.

Figure 3b. 30 year running CC between Tibetan zonal
wind index in May and rainfall departure in (%) over India
in July.
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where, Ri is the predictant (i.e., standardized monsoon
rainfall of July), a0, is the constant term, ai is the
coefficients of the model, xi is the predictors (i.e., TZWI)
considered and e is the error associated with the predictant
Ri. The performance of the model has been determined,
based on these 39 independent cases of forecast. The root
mean square error (RMSE), absolute error (ABSE), and bias
used by Nicholls [1984] have been computed as measures of
the forecast performance. The RMSE = 0.91, BIAS = 0.05
and ABSE = 0.69 of the model is found to be very low. The
performance of the model for July is shown in Figure 5.
[11] The physical cause of such a relationship can be

quite complex, since the impact of the TP is twofold. First,
it acts as a major mechanical blocking barrier that influences
both the zonal and the meridional flows. A number of studies,
by various scientists show the below-normal temperatures,
snow depth and snowmelt during winter and early spring
changes circulation patterns over Eurasia and hence affects
the strength of the subsequent Indian monsoon [Barnett et
al., 1989; Yasunari et al., 1991; Yanai et al., 1992; Vernekar
et al., 1995; Douville and Royer, 1996; Kripalani and
Kulkarni, 1999; Bansod et al., 2003; Kripalani et al.,
2003]. Recently Liu and Yin [2001] have shown that during
the years of high North Atlantic Oscillation (NAO, which is
a climatic phenomenon of fluctuations in sea level pressure
of Icelandic Low and Azores High in the North Atlantic
Ocean) index, there is more precipitation anomalies on
western TP, which is more as compared to eastern TP and
vice versa in low NAO index cycle. This will change the
temperature gradient in western and eastern blocks and may
change the zonal wind strength. Positive TZWI indicates
that strength of westerly is more in western block as
compared to eastern block, which may alter the position

of Tibetan anticyclone in subsequent June and July. Hence,
there may be a change in rainfall activity over Indian region.

5. Conclusions

[12] In this study the monthly variability of TZWI and
sub-seasonal rainfall over India has been examined. Based
on this the following conclusion are drawn.
[13] The pre-monsoon month’s zonal wind index gradient

over the Tibetan Plateau in April and May are useful
parameter for forecasting the monsoon rainfall variability
in June and July months, which are crucial months for
agricultural activity and planning.

[14] Acknowledgments. Authors are grateful to B. N. Goswami,
Director, IITM, P. N. Mahajan, Head, Forecasting Research Division for
encouragement and guidance and Department of Science and Technology
(DST), Government of India for providing necessary facilities.
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