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ABSTRACT Meteorological data (1971-2000) for twenty seven (27) well distributed locations in India, have been
utilized to compute average monthly rainfall (RF) and potential evapotranspiration (PET). In the present study, potential
evapotranspiration (PET) has been calculated by using FAO recommended Penman-Monteith equation. An attempt has
been made to identify the months of water deficit / surplus and these have been discussed in relation to crop planning for
both seasons Monsoon or Kharif (June to September) and Rabi (October to February).

In northwest, west and central zone, water deficit is observed at several stations in Kharif and all stations in Rabi.
The average RF/PET ratio in this zone is 0.53 indicating that except in Pantnagar and Adhartal (0.94), crop selection and
planning do not favour crops requiring more water. During Kharif season RF/PET ratio of several stations, except Hissar
and Jodhpur, is more than 1, suggesting successful cropping with rainfall. In east and northeast zone, water surplus is
observed at all the stations in Kharif. Water deficit in Rabi occurred at most of the places during December, January and
February. RF/PET ratio during Kharif season ranges between 1.44 and 5.93 suggesting none of the stations undergo water
deficit during the crop growing period. For the stations selected in south zone, water deficit in Kharif occurred at many
places in the months of June, July and August. Water deficit in Rabi occurred at many places during January and
February. During Kharif RF/PET ratio is less than 1 except for Rajamundry and Pattambi. This emphasizes the need for
proper crop selection for successful cropping with limited moisture.

Key words — Monthly climatic water balance, Water deficit, Water surplus, Potential evapotranspiration.

1. Introduction tropical country like India, the limiting factor for
successful agriculture is moisture, as there is no dearth of

The two most important requirements for the growth thermal energy. Rainfall becomes a major limiting factor

and development of crops are heat and moisture. In a for crop production as it is not uniformly and evenly

(129)
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TABLE1

Location, Soil type and Water holding Capacity (WHC) of different stations

S. No. Station Lat. (deg N) Long. (deg E) Data (years) Soil type WHC (mm)
1. Adhartal 23 09 79 58 29 Sandy loam 150
2. Agartala 23 53 91 15 22 Clay loam 200
3. Akola 20 42 77 00 25 Clay loam 230
4. Anand 22 35 72 55 20 Loam 180
5. Guwahati 26 06 91 35 28 Clay loam 200
6. Hissar 29 10 75 46 26 Loam 180
7. Jhansi 25 27 78 35 20 Clay loam 210
8. Jodhpur 26 18 73 00 18 Sandy loam 140
9. Kolhapur 17 00 74 00 18 Clay loam 200
10. Kolkata 22 32 88 20 23 Silty clay 220
11. Pantnagar 29 00 79 30 29 Sandy loam 140
12. Pune 18 32 73 51 29 Clay loam 230
13. Udaipur 24 35 73 42 18 Sandy loam 125
14. Bhubaneshwar 20 15 85 50 29 Sandy loam 160
15. Bikramganj 25 10 84 15 17 Clay loam 200
16. Buralikson 26 35 93 50 17 Clay loam 220
17. Canning 22 15 88 40 28 Clay 250
18. Karimganj 24 50 92 20 30 Clay 250
19. Annamalainagar 11 24 79 44 18 Clay loam 190

20. Bellary 15 09 76 51 29 Clay loam 190
21. Coimbatore 11 00 77 00 18 Clay loam 180
22. Dharwar 15 26 75 07 19 Clay loam 250
23. Hebbal 13 00 77 38 25 Sandy loam 130
24. Hyderabad 17 32 78 16 23 Sandy loam 100
25. Kovilpatti 9 12 77 53 28 Clay 250
26. Pattambi 10 48 76 12 29 Sandy loam 110
27. Rajamundry 17 00 81 46 30 Clay 220

spread in space and time (Soman and Kumar, 1990). The
uneven distribution of rainfall leads to situations in which,
crop suffer from deficient rainfall on some occasions and
excess rainfall at other occasions. Under these
circumstances, it is difficult to effectively utilize the
rainfall for maximum crop production. Study of climatic
water balance is one of the important disciplines of
applied climatology, hydrology and agriculture. The
change of state of water from solid or liquid to vapour and
its diffusion into the atmosphere is referred to as
evaporation. In evapotranspiration, two processes occur
simultaneously; evaporation from the soil and

transpiration from canopy of the crop. Potential
evapotranspiration (PET) is the maximum possible
amount of water vapour loss, under a given climate from
an extensive surface of green, well-watered grass canopy
of uniform height, which is actively growing
and completely shading the ground. (FAO, 1998).
PET plays a major role in the redistribution of energy
between the soil-plant continuum and the atmosphere
and is an essential part of the hydrological
cycle. Potential ~ evapotranspiration  (PET) is
a parameter widely used by scientific community
for solving many practical oriented problems related to
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water balance, irrigation assessment, agro-meteorology
and hydrology. As such, there is great demand from
various users across the country for this important
parameter.

The estimates of soil water balance and water
balance indices (humidity index, aridity index and
moisture index) at a given location provides useful
information on soil moisture storage, period of water
deficit and water surplus. Knowledge of moisture deficit
facilitates the understanding of economic feasibility of
irrigation and that of the water surplus provides
information on scope of recharge and conservation for
future utilization. The estimates of soil water balance can
be used as guides for estimating probable length of
growing season, irrigation needs, leaching of soils for
salts, fluctuations in water table, drought hazards, soil
water availability in different regions and judging the
agricultural potential of the region. The quantitative
results obtained may also be utilized for Agromet.
Advisory service bulletins.

The climatic water balance of Thornthwaite and
Mather (1957) is useful over wide range of soil and
vegetation conditions. Research studies relating to
Potential evapotranspiration (PET), soil water balance,
water balance indices and its application to agriculture as
well as hydrology have been carried out by many
researchers (Adhikari et al., 2004; Allen, et al., 1998;
Arora, 2002; Debnath, 1996; Ghadekar, 2003; Hulme et
al., 1992; Jat, et al., 2004; Kingra et al., 2004; Lenka, D.,
1998; Mehta et al., 2006; Pascua, D. D., 2000; Rukmini
et al., 1996; Singh et al., 2004; Singh and Ramakrishna,
1992; Subramaniam and Kesava Rao, 1984; Varshneya
and Pillai , 2004; WMO, 1997).

2. Data and methodology

In the present study, meteorological data (1971-
2000) on maximum and minimum temperature, morning
and afternoon relative humidity, wind speed, bright
sunshine hours and rainfall for twenty seven (27) selected
stations in India have been utilized to compute average
monthly potential evapotranspiration (PET) and monthly
rainfall (RF). The data were obtained from National Data
Center (NDC), India Meteorological Department, Pune.
The Location, data availability, Soil type and Water
holding Capacity (WHC) information of 27 well
distributed stations in India is given in Table 1.

In the present study, potential evapotranspiration
(PET) has been calculated by using FAO recommended
Penman-Monteith equation (FAO, 1998). This method
provides a standard to which evapotranspiration in
different periods of the year or in other regions can be

compared and to which the evapotranspiration from other
crops can be related. The FAO Penman-Monteith method
requires radiation, air temperature, air humidity and wind
speed data to compute the potential evapotranspiration as
given in equation :

0.408A(R, —G)+ (£ 200 u,(es—e,)
ET, = +273
A+7y(1+0.34u,)

where,
ETo = potential / reference evapotranspiration

[mm day'],
Rq = net radiation at the crop surface

[MJ m? day™],
G = soil heat flux density [MJ m? day™'],
T = air temperature at 2 m height [°C],
u, = wind speed at 2 m height [ms™],
€s = saturation vapour pressure [kPa],
€a = actual vapour pressure [kPa],

€ - €, = saturation vapour pressure deficit [kPa],

A = slope of the saturation vapour pressure-
temperature curve [kPa °C™'],

Y = psychrometric constant [kPa °C™'].

Climatic water balance for all months of the year
have been worked out utilizing water budgeting procedure
based on the method of Thornthwaite and Mather (1955).
Crops require a certain fixed amount of water, during a
particular growth stage for its optimum growth. When
crops receive deficient rainfall than required by the crop,
supplementary irrigation needs to be given for
successfully raising the crop. Deficient rainfall causes soil
moisture stress which adversely affects plant growth
resulting in poor yield. However, when crops receive
excess rainfall than required by the crop, then excess
water needs to be drained out, in order to avoid water
logging conditions and poor aeration, particularly crops
such as maize, millets etc. (Venkatraman and Krishnan,
1992). In this paper, an attempt has been made to identify
the months of water deficit / surplus and these have been
discussed in relation to crop planning for both seasons
Monsoon or Kharif (June to September) and Rabi
(October to February).
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TABLE 2

Climatic water balance for stations in north-west, west and central zone

Stations Elements  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Adhartal ~ PET 69.6 87.5 132.9 1733 217.7 180.7 115.6 102.9 1113 108.1 77.1 62.1 1438.8
Adhartal RF 20.6 26.0 12.0 5.2 8.5 168.5 3604  477.7  200.7 41.4 15.4 16.5 1352.9
Adhartal WD 359 50.1 108.5 1613 206.7 12.1 0.0 0.0 0.0 12.9 29.2 28.9 645.6
Adhartal WS 0.0 0.0 0.0 0.0 0.0 0.0 95.5 374.8 89.4 0.0 0.0 0.0 559.7
Akola PET 113.6 135.1 199.4 249.5 317.8 226.4 145.1 127.7 141.1 136.3 112.3 101.1 2005.4
Akola RF 10.6 10.9 10.4 34 9.1 155.0 2302 2012 109.9 48.4 22.6 11.3 823.0
Akola WD 80.3 107.5 1759 2393 306.1 71.2 0.0 0.0 0.0 24.1 455 59.8 1109.7
Akola WS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Anand PET 91.1 105.0 150.0 177.1 213.1 186.3 125.5 111.4 131.0 129.7 98.3 85.1 1603.6
Anand RF 2.2 0.0 0.6 2.0 9.3 1069 2827  239.7 109.6 27.7 15.7 1.5 797.9
Anand WD 74.9 95.3 142.4 171.8 2025 79.1 0.0 0.0 1.2 32.9 49.2 62.3 911.6
Anand WS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 105.9 0.0 0.0 0.0 0.0 105.9
Hissar PET 55.1 75.3 123.2 1812 2415 2321 174.9 157.8 146.7 115.4 71.2 51.9 1626.3
Hissar RF 11.4 159 10.9 129 27.3 57.9 162.2 128.2 53.8 10.0 2.8 4.4 497.7
Hissar WD 43.1 58.7 111.6 167.7 159.7 140.2 113 26.6 86.3 101.1 66.6 46.7 1019.6
Hissar WS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Jhansi PET 57.9 81.9 133.5 1744 2307 2112 139.3 114.6 120.0 105.3 69.8 51.7 1490.3
Jhansi RF 11.3 13.8 6.1 49 14.4 78.7 2663  293.7 168.0 36.6 4.5 9.6 907.9
Jhansi WD 28.5 48.0 103.5 153.6  208.1 130.3 0.0 0.0 0.0 10.1 24.8 22.0 728.9
Jhansi WS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 179.1 48.0 0.0 0.0 0.0 227.1
Jodhpur PET 99.4 115.1 172.3 216.4 271.2 253.1 190.3 163.6 165.4 137.3 101.1 90.3 1975.5
Jodhpur RF 42 4.1 2.1 12.5 16.5 45.1 136.4 129.3 45.9 8.0 2.8 1.0 407.9
Jodhpur WD 95.2 110.9 1702 2039 2320 190.4 52.3 335 118.0 128.6 98.0 89.2 152222
Jodhpur WS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Kolhapur  PET 125.0 140.0  208.5 202.5  209.0 138.5 100.0 96.5 107.0 120.0 107.5 103.0  1657.5
Kolhapur ~ RF 4.4 1.3 2.4 14.3 534 168.6 2924 194.0 108.0 143.6 17.8 8.6 1008.8
Kolhapur WD 84.5 116.9 192.1 183.4 154.0 0.0 0.0 0.0 0.0 0.0 17.4 46.4 794.7
Kolhapur WS 0.0 0.0 0.0 0.0 0.0 0.0 23.9 0.0 0.0 23.6 0.0 0.0 47.5

Pantnagar PET 543 73.4 124.4 187.1 227.4 186.7 137.9 125.4 115.8 103.3 68.4 53.1 1457.2
Pantnagar ~ RF 26.1 31.0 18.6 16.8 56.0 183.1 449.3 416.9 232.2 51.4 5.6 20.3 1507.3

Pantnagar WD 19.3 32.0 90.1 160.6 168.5 3.6 0.0 0.0 0.0 8.5 27.9 19.9 5304
Pantnagar WS 0.0 0.0 0.0 0.0 0.0 0.0 172.6 291.5 116.4 0.0 0.0 0.0 580.5
Pune PET 102.3 121.0 167.9 203.0 233.6 157.3 117.6 108.4 119.6 123.7 104.4 94.8 1653.6
Pune RF 0.9 1.7 1.6 10.5 32.1 158.5 168.2 123.6 137.4 81.6 28.4 5.5 750.0
Pune WD 68.2 95.0 147.9 182.6 197.1 0.0 0.0 0.0 0.0 0.0 22.1 45.0 757.9
Pune WS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Udaipur PET 70.9 90.0 140.4 181.7 228.0 195.5 130.1 119.3 123.1 114.9 78.2 63.5 1535.6
Udaipur RF 5.7 6.8 0.7 6.6 10.8 73.8 205.2 174.5 86.7 26.0 7.9 2.0 606.7
Udaipur WD 58.7 78.6 136.4 173.9 216.9 121.6 0.0 0.0 4.8 41.4 50.5 514 934.2
Udaipur WS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.3 0.0 0.0 0.0 0.0 53

(PET- Potential evapotranspiration, RF- Rainfall, WD- Water Deficit, WS- Water Surplus)
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TABLE 3

Climatic water balance for stations in north-east zone

Stations Elements  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Agartala PET 67.4 85.2 1324 1476 1393 114.0 1155 1200 1052  102.1 81.3 65.1 1275.2
Agartala RF 422 20.7 60.9 187.5  367.6  380.5 3289  271.7 2314 1475 36.9 20.0 20959
Agartala WD 10.0 334 46.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.6 12.7 107.7
Agartala WS 0.0 0.0 0.0 0.0 1254 2665 2134 151.6 1262 45.4 0.0 0.0 928.4
Bhubaneshwar PET 96.8 117.2 166.7 1939 2109 1502 1197 117.2 1165 1189  100.7 92.1 1600.8
Bhubaneshwar ~ RF 8.4 22.0 26.0 29.3 96.2 199.9 3014 3635 2364 1439 44.0 53 1476.3
Bhubaneshwar WD 60.7 78.3 128.6  159.1 113.1 0.0 0.0 0.0 0.0 0.0 9.0 39.8 588.6
Bhubaneshwar WS 0.0 0.0 0.0 0.0 0.0 0.0 72.9 246.3 119.9 25.0 0.0 0.0 464.1

Bikramganj PET 65.9 83.2 137.6  193.9 2203 181.8 1284 1276 117.1 103.7 72.9 622  1494.6
Bikramganj RF 18.2 19.8 9.8 8.3 21.4 176.6  340.7  286.7  232.1 40.0 10.3 104 11743
Bikramganj WD 30.3 45.8 105.6  170.5 192.7 5.1 0.0 0.0 0.0 9.1 23.6 27.5 610.2
Bikramganj WS 0.0 0.0 0.0 0.0 0.0 0.0 15.8 159.1 115.0 0.0 0.0 0.0 289.9
Buralikson PET 53.4 67.1 97.9 108.7  120.1 111.5 1127  116.1 97.5 93.0 69.1 537  1100.8
Buralikson RF 17.0 43.8 56.6 183.6 2074 3079 367.1 2571 2733 136.5 22.5 15.1 1887.9
Buralikson WD 13.6 10.6 21.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.6 10.0 60.6

Buralikson WS 0.0 0.0 0.0 0.0 36.6 196.4 2544  141.0 1758 435 0.0 0.0 847.7
Canning PET 81.5 100.8 160.8 1878 1946 1458 1295 123.8 117.6 1215 90.9 76.1 1530.7
Canning RF 14.3 249 434 84.0 143.0 3099 3432  340.1 300.8 144.5 53.8 8.5 1810.4
Canning WD 284 43.0 82.6 84.1 44.5 0.0 0.0 0.0 0.0 0.0 2.6 16.6 301.8
Canning WS 0.0 0.0 0.0 0.0 0.0 0.0 213.7 2163 183.2 23.0 0.0 0.0 636.2
Guwahati PET 58.3 74.7 1143 130.5 1323 1145 1145 1182 1017 97.2 74.9 582  1189.1
Guwahati RF 8.4 229 472 159.5 2324 3034 353.6 2558 2020 105.1 19.3 10.7 17203
Guwahati WD 23.5 30.5 46.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.0 15.5 123.2
Guwahati WS 0.0 0.0 0.0 0.0 0.0 1694 2392 137.6  100.3 7.9 0.0 0.0 654.4
Karimganj PET 64.2 76.6 110.6  118.1 116.1 1039 1003 107.0 96.5 99.0 76.7 62.8 1131.8
Karimganj RF 5.1 46.8 1289 4712 581.2 8457 668.1  499.9 4044  230.8 43.6 132 39389
Karimganj WD 21.3 13.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.1 10.2 47.4

Karimganj WS 0.0 0.0 0.0 353.1 4652  741.8 567.8 3929 3079 1318 0.0 0.0 2960.5
Kolkata PET 74.1 92.4 139.5 1649 1657 1223 111.1 109.1 103.6  104.6 84.9 704 13424
Kolkata RF 11.5 28.1 26.0 523 1417 306.6  373.0 340.7 308.5 160.5 347 11.1 1794.5
Kolkata WD 29.5 38.8 83.2 94.7 21.2 0.0 0.0 0.0 0.0 0.0 53 17.9 290.6
Kolkata WS 0.0 0.0 0.0 0.0 0.0 0.0 2503  231.6 2049 55.9 0.0 0.0 7427

(PET- Potential evapotranspiration, RF- Rainfall, WD- Water Deficit, WS- Water Surplus)

3. Results and discussions

3.1. Climatic water
Northwest, west and central zone

Climatic water balance for stations in Northwest,
west and central zone of India is given in Table 2. It may

balance for

stations

in

be seen, surplus water is available at Adhartal, Anand,
Pantnagar and Jhansi during Kharif. Surplus water is
mainly seen in the month of August. Water deficit is
observed at several stations in Kharif and all stations in
Rabi. The highest annual PET value of 2005 mm is
recorded in Akola and the lowest PET of 1439 mm in
Adhartal. The highest rainfall of 1507 mm is observed in
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TABLE 4
Climatic water balance for stations in south zone

Stations Elements  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Annamalainagar PET 116.8 125.8 157.5 171.6 2033 197.5 178.1 167.6 150.6 123.1 99.1 104.8 1795.8
Annamalainagar ~ RF 15.6 14.1 5.8 13.5 33.8 57.4 58.1 95.4 101.1 2759 4003  280.7 1351.7
Annamalainagar WD 22.7 62.2 117.6 1423 1624 1375 1189 71.8 49.3 0.0 0.0 0.0 884.7
Annamalainagar WS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3012 1759 4771
Bellary PET 130.7 1549 2034 226.1 2609 2222 199.6 186.0 162.6 137.6 1141 111.0 2109.1
Bellary RF 7.3 2.0 3.2 15.3 51.9 64.0 445 52.5 1254 108.2 36.5 9.0 519.8
Bellary WD 1232 1527  200.1 1482 1673 1464 1500 1315 36.8 29.2 77.1 101.6  1464.1
Bellary WS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Coimbatore PET 123.1 1387 1820 1732 1780 1763 1704 1673 151.8 1235 1029 109.8 1797.0
Coimbatore RF 14.6 6.7 15.9 57.3 522 36.2 44.9 29.6 72.2 1546 1138 464 644.4
Coimbatore WD 512 96.0 146.0 109.6 1224 1382 1247 1373 79.4 0.0 0.0 0.0 1004.8
Coimbatore WS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dharwar PET 1126 1274 1749 197.8 2024 1329 103.8 1039 1122 1152 1083 1059 15973
Dharwar RF 23 0.1 8.0 41.1 69.1 1184 1389 86.9 102.5 1102 32.7 9.0 719.2
Dharwar WD 70.9 98.9 146.1 1465 1285 14.1 0.0 0.0 0.8 0.5 18.2 44.6 669.1
Dharwar WS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hebbal PET 1188 1295 169.1 1739 1809 1476 1362 1279 1233 1148 1008 103.1 16259
Hebbal RF 2.9 7.1 9.9 26.3 87.1 74.4 89.1 106.1 2006 1325 58.3 12.2 806.5
Hebbal WD 88.4 110.8 1539  146.1 93.4 73.1 47.0 21.8 0.0 0.0 41.2 43.8 819.5
Hebbal WS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hyderabad PET 1054 1251 1689 186.8 2215 187.6 1543 1406 129.0 120.8 101.6 947 17363
Hyderabad RF 4.1 5.0 12.2 18.4 35.9 110.0 153.6 1549 1325 92.9 31.6 3.2 754.3
Hyderabad WD 91.8 1162 1554 1682 1855 77.6 0.7 0.0 0.0 0.0 31.9 68.9 896.2
Hyderabad WS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Kovilpatti PET 1247 140.0 1745 168.7 191.7 209.8 2094 2102 1793 1422 1074 1064 19643
Kovilpatti RF 20.2 14.4 19.1 56.5 67.3 19.1 21.4 31.5 80.4 1845 1584 65.0 737.8
Kovilpatti WD 322 70.5 116.3 95.8 113.1 1813 1837 176.7 98.3 0.0 0.0 0.0 1067.9
Kovilpatti WS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pattambi PET 1434 1446 1684 159.0 1446 94.7 90.2 103.7 117.6 1147  113.0 130.5 15244
Pattambi RF 4.1 3.6 11.6 72.3 159.7 6829 6855 378.6  203.1 270.0 146.7 21.1  2639.2
Pattambi WD 110.1 132.7 154.4 86.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 40.1 523.5
Pattambi WS 0.0 0.0 0.0 0.0 0.0 5882 5954 2749 85.5 1553 33.7 0.0 1733.0
Rajamundry PET 103.6 116.6 1561 176.5 1951 1588 1273 1209 118.1 119.0 110.5 1009 1603.4
Rajamundry RF 12.6 12.6 8.2 29.2 58.7 147.1 199.2 2425 144.2 172.1 57.7 54 1089.5
Rajamundry WD 53.0 76.1 1253 1358  130.8 11.4 0.0 0.0 0.0 0.0 0.0 345 566.9
Rajamundry WS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.7 0.0 0.0 0.0 5.7

(PET- Potential evapotranspiration, RF- Rainfall, WD- Water Deficit, WS- Water Surplus)
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Pantnagar and the lowest rainfall of 408 mm in Jodhpur.
On an average, the annual PET and rainfall for the stations
selected in this zone are 1644 and 866 mm, respectively,
indicating severe water deficit and risk in crop planning
and management.

Annual RF/PET ratio of stations in this zone range
from 0.21 in Jodhpur to 1.03 in Pantnagar. The average
RF/PET ratio in this zone is 0.53. This indicates that
except in Pantnagar and Adhartal (0.94), crop selection
and planning do not favour crops requiring more water.
However, during southwest monsoon season RF/PET ratio
of several stations (except Hissar and Jodhpur) is more
than 1, suggesting successful cropping with rainfall. In
some stations, RF/PET ratio is more than 2, suggesting
multiple cropping systems like inter cropping. In many of
the stations rainfall is more or less equal to PET in June
itself  indicating crop sowing at the start of monsoon.
Groundnut, cotton, maize, bajra and pulses like
green gram and red gram are grown during kharif
and wheat, gram, mustard and peas are grown
during rabi season. Rabi crops in this zone are
mainly grown with residual soil moisture. The crops are
also grown with supplementary irrigation if soil moisture
does not support during growing period.

3.2. Climatic water balance for stations in East and
Northeast zone

Climatic water balance for stations in East and
Northeast zone is given in Table 3. Water surplus is
observed at all the stations in Kharif and all stations
except Bikramganj in Rabi. Water deficit is observed at all
the stations in Rabi season. Water deficit in Rabi occurred
at most of the places during December, January and
February. In this zone, there is potential of assured
cropping with multiple crops due to the fact that many of
the stations, selected have annual rainfall more than PET.
The highest rainfall of 3939 mm is observed in Karimganj
and the lowest is 904 mm in Lucknow. Bhubaneshwar and
Buralikson have the highest and lowest PET of 1601 and
1101 mm, respectively. The average annual rainfall and
PET for the stations selected in this zone are 1798 and
1360 mm respectively, indicating successful cropping and
potential for improved farming systems.

Several stations in this zone have Annual RF/PET
ratio of more than 1, suggesting assured continuous
moisture availability even beyond growing period.
RF/PET ratio during southwest monsoon season ranges
between 1.44 and 5.93 suggesting none of the stations
undergo water deficit during the crop growing period.
This assures not only kharif cropping but also growing of
rabi crops with residual moisture. In this zone, several
stations have rainfall > PET even before start of monsoon.
For example, Karimganj and Buralikson receive rainfall

equal to PET in the months March-April. This indicates
advance crop selection and sowing. Owing to assured
moisture supply, more water requiring crops like paddy
etc. are also grown during kharif season in addition to
millets and pulses. Similarly, rabi crops like wheat,
mustard, gram are grown with water deficit.

3.3. Climatic water balance for stations in South
zone

Climatic water balance for stations in south zone is
given in Table 4. Water surplus in both the seasons, i.e.,
Kharif and Rabi is observed at Pattambi. Water surplus
during the Rabi season is observed at Annamalainagar.
Water deficit is observed at most of the stations in Kharif
and all the stations in Rabi season. Water deficit in Kharif
occurred at many places in the months of June, July and
August. Water deficit in Rabi occurred at most of the
places during January and February.

The highest annual rainfall of 2639 mm rain is
observed in Pattambi and the lowest 520 mm in Bellary.
On the contrary, the highest and lowest PET values of
2109 and 1524 mm are observed in Bellary and Pattambi,
respectively. The average annual PET and rainfall of 1748
and 1038 mm, respectively for the stations selected in this
zone, indicates crop growing under severe water deficit
conditions.

Annual RF/PET ratio for all stations in this zone
(except Pattambi) is less than 1. The average RF/PET ratio
in this zone is 0.59 indicating crop selections and planning
do not favour crops requiring more water. During
southwest monsoon RF/PET ratio is less than 1 (except
for Rajamundry and Pattambi). This emphasizes the need
for proper crop selection for successful cropping with
limited moisture. In several stations rainfall is
significantly less than PET even after start of monsoon.
Considering the limited availability of moisture during
southwest monsoon, crops having low water requirement
like maize, jowar and pulses are grown. During rabi
mustard and gram are grown with limited residual
moisture. There is also need of supplementary irrigation
during rabi season at critical stages.

4. Conclusions

For the stations selected in Northwest, west and
central zone, Water deficit is observed at several stations
in Kharif and all stations in Rabi. The average RF/PET
ratio in this zone is 0.53 indicating that except in
Pantnagar and Adhartal (0.94), crop selection and
planning do not favour crops requiring more water.
During Kharif season RF/PET ratio of several stations,
except Hissar and Jodhpur, is more than 1, suggesting
successful cropping with rainfall. For the stations selected
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in East and Northeast zone, Water surplus is observed at
all the stations in Kharif. Water deficit in Rabi occurred
at most of the places during December, January and
February. RF/PET ratio during Kharif season ranges
between 1.44 and 5.93 suggesting none of the stations
undergo water deficit during the crop growing period. For
the stations selected in south zone, Water deficit in Kharif
occurred at many places in the months of June, July and
August. Water deficit in Rabi occurred at many places
during January and February. During Kharif RF/PET ratio
is less than 1 except for Rajamundry and Pattambi. This
emphasizes the need for proper crop selection for
successful cropping with limited moisture.

Acknowledgements

The authors express their sincere thanks to staff of
DFR section for their assistance in data collection and
analysis.

References

Adhikari, R.N., Chittaranjan, M. S., Rao, R. M. and Hussenappa, V., 2004,
“Hydrological data analysis for small black soil agricultural
catchments in dryland zone of Karnatka”, Indian J. Agric. Res., 38,
3,196-201.

Allen, R. G., Peseira, I. S., Daes, D. and Smith, M., 1998, “Crop
evapotranspiration, Guideline for computing crop water
requirements”, Irrigation and drainage, Paper No.56, FAO, Rome,
Italy.

Arora, V. K., 2002, “The use of the aridity index to assess climate change
effect on annual runoff”, Journal of Hydrology, 265, 164-177.

Debnath, G. C., 1996, “Study of climatic water balance of Bhubaneshwar
for crop planning”, Mausam, 47, 4, 434-436.

FAO, 1998, “Crop evapotranspiration”, Irrigation and drainage, Paper
No.56, FAO, Rome, Italy.

Ghadekar, S. R., 2003, “A simple new crop model based on water balance
for agrometeorological crop monitoring”, Mausam, 54, 3,
723-728.

Hulme, M., Marsh, R. and Jones, P. D., 1992, “Global changes in humidity
index”, Clim. Res., 2, 1-22.

Jat, M. L., Singh, R. V., Baliyan, J. K. and Kumpawat, B. S., 2004, “Water
balance studies for agricultural crop planning in Udaipur region”,
Journal of Agrometeorology , 6, 2, 280-283.

Kingra, P. K., Mahi, G. S. and Hundal, S. S., 2004, “Climatic water balance
of different agroclimatic zones for contingent crop planning in
Punjab”, Journal of Agrometeorology, 6, 66-71.

Lenka, D., 1998, “Climate, Weather and Crops in India”, Kalyani
Publishers, Ludhiana.

Mehta, V. K., Todd, W. M. and DeGloria, S. D., 2006, “A simple water
balance model”, Arghyam, Comell University.

Pascua, D. D., 2000, “Asian Regional Workshop on Sustainable
Development of Irrigation and Drainage for Rice Paddy Fields -
Proceedings, July 24" to 28", 69-80”, Tokyo Japan.

Rukmini, S. N., Rajegowda, M. B., Thimma Raju, K. R. and Gowda, D. M.,
1996, “Water balance studies in Jack”, Mausam, 47, 2,
185-190.

Singh, R. K., Murty, N. S. and Arya, M. P. S.., 2004, “Water balance
components and effect of soil moisture on yield of wheat in mid
Himalyan region of Uttaranchal ”, Journal of Agrometeorology, 6,
2,234-237.

Singh, R. S. and Ramakrishna, Y. S., 1992, “Pearlmillet yield
prediction models for Kutch region of India, using climatic
water balance parameters”, Annals of Arid Zone, 31, 1,
45-48.

Soman, M. K. and Kumar, K. K., 1990, “Some aspects of daily rainfall
distribution over India during the south-west monsoon”, Int. J.
Climatology, 10, 229-311.

Thorntwaite, C. W. and Mather, J. R. 1955, “The water balance”,
Publication in Climatology, Drexel Inst. of Tech., Lab. of
Climatology, 8, 1.

Varshneya, M. C. and Pillai, P. B., 2004, “Climatic Classification”,
Agricultural Meteorology, ICAR, New Delhi.

Venkatraman, S. and Krishnan, A., 1992, “Crops and weather”, ICAR, New
Delhi.



	References

