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Trends and periodicities of monsoon and annual rainfall
of districts of Haryana State and Delhi
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ABSTRACT. Analysis of southwest monsoon (June to September) and annual rainfall of 12 districts of
Haryana and Delhi based on fixed number of raingauge stations (36) has been made for 90-year period (1901-1990)
in order to search for trends and periodicities in the rainfail. 1t is seen that monsoon and annual rainfall have a
similar variability and is least where rainfall is maximum. It is also observed that frequency distribuuon of monsoon
rainfall is not normal in two aistricts, yiz., Kurukshetra and Sirsa, Positive trend is noticed in monsoon rainfall of
Rohtak and Kurukshetra and annual rainfall of Delhi. Increase in the mean rainfall for 45 years period showed a
gradient from first to second from the castcentral to the western parts of the State with a maximum value over the
eastcentra! parts. Low-pass filter analysis suggests that the trend is not linear but oscillatory consisting of periods
of 10 years or more,

The spectral analysis indicates a significant cycle of range 5.5 to 8.6 years mainly in eastern and southwestern

districts of the State. QBO is also observed over some districts of the State,

Key words— Tronds and periodicities, Spectrum analysis, Frequency distribution, QBO, Gaussian low
pass-filier, Red noise spectrum, White noise spectrum.

1. Introduction rainfall and temperature data for recent 100 years.
In the present study the districtwise annual and mon-

Several studies have been underiaken in India to soon rainfall data of Haryana and Delhi have been
assess the rainfell variability. Blanford (1886) was analysed (o study the variability of annual and
the first meteorologist who made extensive studies of monsoon rainfall, the nature of frequency distribution
Indian rainfall. The studies of Koteswaram & Alvi the existence o1 otherwise of long term trends and

(1970) and Jagannathan & Parthasaraithy (1973) for pericdicities.
different stations of India, Parthasarathy and Dhar

(1974) for annual rezinfall of 31 meicorological sub- 2. Data
divisions of India, Parthasarathy (1984) for monsoon o = oy :
rainfall of 29 meteorological sub-divisions of India, The validity of any statistical analysis depends
Raghavendra (1974, 1976 & 1980} for sub-divisions primarily on the quality of the data used. The raingauge

of Maharashtra, Andhra Pradesh and Kerala States, neiwork over Haryana like rest of the country has
Chowdhury and Abhyankar (1979) for Gujarat, Partha- increased manyfolds. A straight forward algebraic
sarathy and Mooley (1981) for Karnataka and Dhar average of rainfall for all the available stations over

et al. (1982) for Tamil Nadu showed the significant the districts would provide some inter-annual varia-
presence of different cycles ranging from 2 years to bility solely due to the sampling different stations
very low frequencies in the rainfall szries of different during difizrent years. To avoid this, rainfall records
regions/sub-divisions of India. Recent study of Soman of 36 stations which are having continuous data begin-
et al. (1988) revealed a significant decreasing trend in ning from 1901 have been examined for completeness

the rainfall over major part of Kerala State barring and geographical coverage of the districts.

the coastal belt. Sarker and Thapliyal (1988) have

summarised the climate change and variability, with Fig. 1 shows the network of the selected stations
particular reference to the analysis, made by using Indian over the region considered. The relevant rainfall
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TABLE }

District Mcan S.D. CHall. of Coefl. of Coefl. of 2,'SZ(g,) £,/SE (¢,) Chi-square
(mm) variation  skewness Kurtosis value
(")
Ambala Monsoon 778 .8 215.8 27.9 0117  —9.623 0.580 —1.066 6.711
Annual 952.2 2272 2.9 0.384 0.159 1.540 0.474 5.822
Kurukshetra Moascon 466.8 161.6 16 1.228 3.479 4,909 7.434% 15.244*
Annual 877.3 177 9 0.8 G. 861 1.824 3.454* 3.842* 5.844
Karnal Maonscon 548.2 184.6 33,7 0.316 0.2:6 1.357 —.397 10,267
Annual 668.7 19%.6 20,7 2.300 0.307 0 027 -0.,509 2.622
Jind Noasoon Ind .4 146.7 403 0.8I8 0.940 3.977* 3.317 9.556
Annual 447.8 1600 35.8 0.626 0.393 2.720% 1.694 9.911
Roatak Monsoon 433.3 176.0 40.6 0275 -0.5% 1.208 —1.022  7.067
Annual S10.3 176.0 34.5 0.174 0.270 0.698 —0.427 3.689
Sonzpat Monsgoon 476.6 193.3 39.9 0.214 0.572 3.190* 1.306 8.844
' Annual 5481 196.9 35,0 0.54¢ 0.092 2.150%  0.454 4.578
Delhi Monszon 594.2 235.7 3935 0.610 C.864 2,433~ 1.957 4.400
Annuai 712.6 245.3 4.4 0.436 0.272 1.745 0.710 2.800
Faridabad Monsoon 494.7 1716 4.7 0346 0137 1386 -0.149  2.089
Annual 581.4 185.3 319 0.187 0.322 0.747 -0.538 5.822
Gurgaon Monsoon 484 .3 163.0 3.7 0.321 -(,245 1.284 —0.377 3.867
h Annual 560.7 169.3 30.2 0.528 0. 488 2.131% 1.176 5.644
ahendragarh Monsaon 414.3 159.0 8.3 0.592 0.662 2 232+ 1.451 4.756
Mahendrag ) 4724 161.7 342 0.765 1860  2.947*  3.320%  6.178
Bhiwani Monsoon 351.9  142.3 40.4 0397 - 0.349 1647 0603  3.867
Annual 420.9 156.4 37.2 0 465 —0.150 1.861 -0.175 1.022
Hisar Monsaon 310.4 1248 402  0.624 0316 2.333* 0792 1.378
Annual ERE I 136.0 35.3 .823 1.404 3. 168* 2.947% 5111
Sirsa Monsoon 253.3 145.4 57.4 1,258 2.889 5.038* 6.215% 11.333%
’ Annual 316.1 151.9 48.1 1.300 4.970 5.985% 10, 609% 8.844
*Frequency distribution of (he serics are not normal at 95" Jevel.
TABLE2
Mann-Kendall rank and Studen?’s 1-test results
District Mann-Kendall Mean of 1901 Mean of 1946 Differcince of Difference  Student’s
. suatistic 10 1945 to 1990 col. 5 and as %, of 1-value/
col. 4 mean Mann-Whiiney
U-value
() (2) I (4 5 ) (7 (8)
bl Monsoon 0.124 739.7 823.4 83.7 1.0 1.344
Ambala iy, 0109 918 .0 9663 68.3 5.0 1.434
curukshetra Monsoon 0.141* -:‘.BS.! 495.5 57.4 13.0 1.5062
eneukshets Annual 0,032 561.5 93] 316 6.0 0841
Karnal Monsoon —0.037 543 .4 552.9 9.5 2.0 0.242
: Annual —.048 667.8 669.6 1.8 1.0 0.043
Yind Monsoon —0.009 381.0 347.9 —33.1 9.0 -1.072
h Annual 0.002 464 .7 431.0 —33. -5.0 -+ 998
Monsoon 0. 183* 379.7 486.8 107.1 25.0 3.012*
Rohtak Annus] 0 163 461.5 559, 1 97.6 200 21723¢
Sonepat Monsoon 0.042 447 .2 506.1 38.0 13.0 1 478
: Annual 0.014 529.6 366.7 371 7.0 0.894
Delhi Monsoon 0.129 545.2 643.2 8.0 17.0 2.005*
Annual 0. 157% 631.5 773.8 122.3 18.0 2,327+
e Monsoon 0.0338 479.0 510.4 31.4 7.0 0.865
Faridabad Anrial 0,008 §73.2 589.6 16.6 3.0 0.419
. Monsoon 0.04§ 473.2 494 .5 22.3 5.0 0,647
Gurgaan Annual 0.629 554.0 567.3 133 3.0 0.371
.ndrasarh Monsoon 0.078 3921 436.9 44.8 11.0 1.342
Mahendrag Annual 0.026 456.6 488.3 31.7 7.0 0.928
Bhiwani Monsoon 0,042 348.0 356.0 2.0 3.0 0.265
Annual —A0.057 114.5 427.4 12.9 3.0 0.389
Hiial‘ Monsoon —0.051 316.1 304.7 -11.4 —4.0 —0.032
‘ Annual 0.055 394.0 375.7 -18.3 —5.0 —0.636
Sirsa Monsoon —0.036 260.9 245.7 —15.2 —6.0 —(.494
Annual —0.002 322.8 309.5 —13.3 —5.0 —0.414

+Value significant at 957 level.
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Fig. 1. Locations of raingauge stations and district
boundaries of Haryana State

data for the stations have been collecizd from Hydromet:
Directorate of India Met. Dept., New Delhi and Natio-
pal Data Centre, Pune. The missing reinfall valuves
of some of the stations are interpolated as per the 1atio
method suggested by Rainbird (1967) by considering
nearby stations or regional average of that area. The
interpolated values taken into account are less than 2
per cent of the total

3. Results and discussion

Monscon and annuzl rainfall data series comprising
Delhi and 12 districts of Haryana for a period cf 90
years from 1901 have been analysed statistically for the
variability and type of frequency distribution. Trends
and periodicities bave also been examined by various
techniques like Mann-Kendall rank, Gaussian
low-pass filter and power spectrum analysis methods
as given in WMO Technical Note (1966). The difi-
erent aspects of the analysis are discussed below.

3. 1. Mean and variability

Districtwise mean rainfall has been worked cut
by taking the arithmetic mean of all the stations avai-
lable in each district for the period 1901 to 1990 and
this is given in Table 1 together with data of other
statistical parameters like standard deviation, coef-
ficient of variation, coefficient of skewness and kurtosis.

It is observed from Table 1 that among all the
districts of Haryana including Delhi considered in
this study, average annual rainfall is highest (monsoon
778.8 and annual 952.2 mm) in respect of Ambala and

lowest (monsoon 253.3 and annual 316.1 mm) in Sirsa.
It is also seen that the cocfficient of variations is lowest
(monsoon 27.9 and annual 23.9%) in respzct of Ambala
and highest (monsoon 57.4 and annual 48.] %) for Sirsa.

3. 2. Normality test for districtwise rainfall

For the application of statistical tests for any time
series, it is essential to know the nature of frequency
distribution. The frequency distribution of mon:oor
and annual rainfall series for all the districts have
been tested for normality by Fisher’s statistics and
Chi-squars test, Fisher’s statistics g, and g; are computad
and thesz are ccmpared with their respective standard
errors (SE). Table 1 gives the values of two parameters,
@,/SE (g,)ard g,/SE (g,) for both the monsoon and
annual rainfall.

In order to test the normality at 959, level of signifi-
cance. the values of either g,/SE (g;) or go/SE (g,
should be Iess than 1.960. Itis evident from the Table |
thzt for the districts of Kurukshetra, Jind, Sonecpat,
Mahendragarh, Hisar and Sirsa the values of g,/SE
(g,) are greater than 1960 for both the annual and
monsoon rainfall series, It isalso seen that the monsoon
rainfall of Delhi and annual rainfall of Gurgaon is
also not normally distributed for their frequencies.
It is further observed that in case of monsoon rainfzll
of Sonepat, Delhi, Mahendragarh and Hisar and an-
nual rainfall of Jind and Soncpat g,/SE(g,) is more
than 1.960 but g./SE(g,) is less than 1.960, which indi-
cates that the peak of the series is slightly away from
the normal. Thus, we sez that 14 rainfall series are
not normally distributed.

The Fisher’s statistics is quite sensitive one for
testing normality and as such the application of this
test has revealed that more than 509 rainfall series
considered in this study are not normally distributed
for their frequencies. To test the normality of the time
series, the Chi-square test which is lesser sensitive
than the Fisher’s statistics has been applied by consider-
ing eight equal probability class intervals. The results
are shown in Table 1. For chi-square with five-degree
of freedom the significant value at 95% level is 11.100.
In view of this, there are only two rzainfall series,
i.e., monsoon rainfall series of Kurukshetra and Sirsa in
which the calculated chi-square values exceed 11.100
and indicate significance at 959 level. Therefore,
except these two rainfall series, all the rainfall series
under study can be regarded as normally distributed
as per this test.

4. Trend analysis

4 1. Mann-Kendall rank statistic

The most likely alternative to randomness in a cli-
mate time series is some form of trend, which need
not be linear one. It is, therefore, advantageous to
use tests of randomness to check the trend. The rank
correlation methods are robust and departure from
the Gaussian normal distribution will not be of much
serious comcern.

Mann-Kendall rank statistic has been suggested
as a powerful test (Kendall and Stuart 1961), the most
likely alternative to randomness is linear or non-linear
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Fig. 3. Actual and low-pass filter of monsoon rainfall

trend. In this case the Mann-Kendall rank statistic
values have been compuied by following the method
as given in WMO (1966). Table 2 shows the Mann-
Kendall rank statistic valuzs for Delhi and 12 districts
of Haryana and 959 significance levels are suitably
marked. It is secen from the tablzs that a significant
increasing trend is noticed in annual rainfall of Rohtak
and Delhi and monsoon rainfall of Kurukshetra and
Rohtak.

4. 2. Student’s (-lest

In the present study the rainfall series of the period
1901 to 1990 is divided into two equal periods. 1901-
1945 and 1946-1990. The significance of the difference
cf the mean between the first and the second period
has been tested by Student’s #- test and the magnitude
of the gradient ascertained. Table 2 shows the statistics
regarding the means of the two periods, their differences,
percentage as the long period mean and Student’s
t-values for all the districts.

Student’s f-values at 959 levels are suitably marked
in Table 2. The Student’s #-test strictly assumes that
the observations have come from a normally distributed

population, as the r-test is not applicable to populations
whose frequency distribution isnot normal. As
stated earlier that in case of Kurukshetra and Sirsa
districts the monsoon rainfall is not normally distri-
buted. Therfore, the appropriate non-parametric test
whichisequivalent to Student’s r-test, the Mann-
Whitney U-test (Siegel 1956), has been applied to these
rainfall series.

It is seen from Table 2 that significant positive trend
is notficed in both the annual and monsoon rainfall
serics of Rohtak and Delhi. Student’s test suggests
significant increasing trend in the monsoon rainfall
of Delhi but the Mann-Kendall statistic does not sup-
port this. Whereas in respect of monsoon rainfall of
Kurukshetra Mann-Kendall test indicates a significant
increasing trend but Mann-Whitney U-test does not
support this. Table 2 also reveals that increass in
monsoon rainfall in respect of Rohtak and Delhi are
quite high and are of the order of 107.1 and 98.0 mm
respectively.  Gradient in rainfall is observed from
eastcentral paris to the western parts of the State.
Significant percentage changein the mean for 45
years varies from 11.0 to 25.0 %.
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4.3. Low-pass filter

To understand the nature of trend. the serics were
subiacted to & ‘low-pass filter” in order to suppress
the high frequzncy oscillations.  The weights used
were nine ordina’zs of the Gaussian probability curv:
(0,01, 0.05, 0.12, 0.20, 0.24, 0.20, 0.12, 0.05 and 0.01).
The respons2 curve of Gaussian low-pass filtzr has a
response funciion that is equal to unity at infinite
wavelergth and it tails of asymptotically to zzro with
decrzasing wevelengths (WMO 1966).  The low-pass
fillor curves for monsoon and annual rainfall of Dezlhi
and 12 distric 5 of Harya~a arz almos® idantical. Thare-
forz, for the sake of brevity ths low-pass filier curves
only for monsoon along with actuel rainfall curves ara
shown in Fig 3.

It is obszrved frem the low-pass filter curves that
the trerd i not lincar bui oscillatory consisting of
pariods of 10-year length or more.

Lzaving aside th: miror fluctuaticns, it is svidant
that excep. for Jind the rainfall series of all the districts
of Haryana inzluding Dazlhi exhibit an ircreasing trend
from 1940 to 1960/1965, wharzas Jind indica‘ss dzeraa-
sing trend during th: period.

Fur'her it is also seen that oxcept Jind and Karnal
rest of the districts of Harvana including Delhi indicate
the dzcreasing trend from 1910/1915 till 1940.

5. Periodicities

For determining periadicities in the annual rainfall
series, if any, th2 da‘a serizs cf Delhi and 12 districts
of Haryana w2z : subjecied to specirum analysis fol-
lowing the proc>dure of Blackman and Tukey (1938)
as given in WMO (1966). To achieve satisfac’ory rese-
lution in the specirum,wz chosz a maximum lag limit
30, which is ore third of the total length of the period
(90). The rull hypothesis for the purpose was considzizd
in accoidance with the fact whather the series revealad
any persistence or not. If the persistence was of the
*Markov-linear typz,” then the appropriate ‘red-noice
spectrum’ and the associated 959 limits wore calculated
and the individual peaks tested with refcrence to
these limits. In the abscnce of any persistence, the
spectral estimates were lested against ‘white-noise
spactrum’.

Red-noise or persistence has been noticed in the
rainfall series of Bhiwani only. Rest of the districts
do nol exhibit any persistence.

Thz annual and monsoon rainfall spectrum results
are almost similar, therefore, for the sake of brevity,
speetrum results of monsoon rainfall only have been
depicted in Fig. 2. It is observed from the diagrams
that there is a cycle of 8.6, 7.5, 6.0 and 5.5-year at the
95% significant level in the rainfall series of Mahendra-
garh, Bhiwani, Jind and Delhi. A cycle between
2 and 3 years, generally called quasi-bienrial oscil-
lation (QBO) is significant at 95% level in the rainfall
serics of Ambala, Kurukshetra, Faridabad and Karnal.
The study by Raghavendra (1973) also showed the
significant presence of QBO in northwest Indian regions.

BHUKAN LAL et al.

6. Conclusions

(a) Ambala is the wettest and Sirsa is the driest
district of Haryana State.

(b) There is a significant increasing trend in the
mezan annual and monsoon rainfall in Rohtak and
Delhi from the first half to the second half of the period.

(c) The significant increasz in the annual and mon-
soon rainfall shows a gradient from the eastcentral
to the western parts of the State.

(d) Positive trand is noticed in the monsoon rain-
fall of Kurukshetra and Rohtak and in the annual
rainfall of Declhi and Rohtak.

(¢} The power spectrum analysis indicates a signi-
ficant cycle of range 5.5 to 8.6 years mainly in eastern
and southwestern districts of the State. QBO is also
observed over som= districts of the State,
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