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Abstract

In this study attempts have been made for Agriculture crops planning at Bharuch region of south Gujarat
by using the water balance studies. Weekly water balance computation showed that only ten weeks i.e.
24t 26%, 271 to 31% Standard Meteorological Week (SMW) are water surplus while the rest of the
weeks are water deficit week. Availability Index (MAI) which are excellent for crop growth and 40™ to
41t weeks are good for crop growth. This finding this region selecting of short duration and drought
resistance crops during monsoon season.
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Introduction

The water balance concept in applied climatology has been widely applied in many earth
science fields especially for development of agriculture and water resources of a region. Water
balance study in relation to agriculture is one of the important disciplines of applied
climatology. The agriculture potential of a region is determined by the climate of the region
and the important of which being the amount of rainfall, temperature and duration of sunshine,
which altogether regulate the water balance of a region. For the evaluation of complete water
balance of a station, it is necessary to compare precipitation with water need making allowance
for the storage of water in the soil and its subsequent utilization for evapotranspiration
purpose. For the computation of water balance of a station it is essential to calculate Potential
Evapotranspiration (PET), Actual Evapotranspiration (AET), Water Surplus (WS) and Water
Deficit (WD). These are determined from the book keeping procedure given by Thornthwaite
and Mather (1957) 1. Another important aspect of water balance is the estimation of Water
Holding Capacity (WHC) of soils against the gravitational forces. The WHC of the soail,
changes with the types of soil and vegetation. Climate is a composite physical state of the
atmosphere at a specified locality for a specified interval of time. Thornthwaite is a pioneer
who formulated a climatic classification and water balance concept. Temperature and rainfall
play a vital role in determining the climatic condition of an area. Water balance is a
guantitative expression of hydrological cycle and its various components over a specified area
at a period of time. In India water balance at regional, State and basin levels have been worked
out widely by Subramanyam (1956) 1, Subramaniyam and Sastry (1969) ], Ram Mohan
(1978, 1980) [, Subramaniam and Uma Devi (1983) [/, and Subramaniam et al., (1982). In
the present study the Thornthwaite’s water balance concept has been adopted to identify the
prevailing climatic condition of Bharuch district, by analyzing potential evapotranspiration,
actual evapotranspiration, water deficit and water surplus parameters. Based on these elements
the aridity, humidity and moisture indices were calculated.

Materials and Methods

To study the water balance of the region

The water balance method is a bookkeeping procedure which estimates the balance between
the inflow and outflow of water of the system. This method was developed by Thornthwaite in
1948 and was revised by himself and Mather in 1955. This method helps in identifying and
estimating the natural water surplus and water deficit months of an area. Among the methods
to estimate the soil water balance from simple soil and climate data, the method proposed by
Thornthwaite and Mather (1957) I is one of the most widely used. This procedure allows
estimating the actual evapotranspiration, soil water deficit and excess. Water balance was used
to calculate the theoretical irrigation requirements for comparison with actual irrigation water
applied.
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The demand for water by the crop must be met by the water in
the soil, via the root system. The actual rate of water uptake
by the crop from the soil in relation to maximum
evapotranspiration is determined by whether the available
water in the soil is adequate or whether the crop will suffer
from stress including water deficit.

Input data
Input data is categorized as a rainfall, potential evaporation,
available water capacity. The input data described as below.

Rainfall (P)

= Rainfall data may be on daily/weekly/monthly basis.

= Weekly data are useful for agricultural crop planning.

= Daily data are useful for real time monitoring of soil
moisture/irrigation scheduling/ agro advisory.

Potential Evapotranspiration (PET)
Various models are available for computation of PET
(Penman is the most reliable).

PET = AntvEs
A+y

Where, PET = daily potential Evapotranspiration (mm/day)

A = Slop of saturation vapour pressure (mmHg/°C)

Hn = Net radiation (mm/day)

Hn is estimated as

Hn = Rns — Rnl

Rns = Net incoming short wave radiation

R (ns=QA x (1-r) x (0.25+0.50 x n/N))

Rnl = Net long wave radiation

R_(nl = f(t)xf(e_a ) xf(nN) the values of which are available
from the appendix)

Ea = Evaporation due to aerodynamic method (mm/day)

Ea is estimated as,

Ea = 0.35+(1+u2/160)(e_s-e_(a))

Where, u2 = Mean wind speed at 2 m above ground (km/day)
Es = Saturated vapour pressure at mean air temperature
(mmHg)

Ea = Actual vapour pressure (mmHg)

For the computation of PET, data on temperature, wind speed,
radiation (or sunshine hours) and vapor pressure (or humidity)
are needed.
Y = Psychrometric constant (mmHg/°C) (can be taken as 0.49
mmHg/°C)

Available Water Capacity (AWC)
Depends on soil types, density and its depth
AWC= (FC-PWP) x BD x Depth/100

Where,

FC = Field capacity of soil
PC = Permanent wilting point
BD = Bulk density

Steps of Water Balance Computation

= P-PET

= Sum up all negative value of P - PET

= Accumulated potential water loss (APWL)

Accumulated potential water loss (APWL) is calculate the
difference between the mean monthly precipitation and the

http://www.phytojournal.com

potential evapotranspiration for each month. The potential

water loss for a single month is when the potential

evapotranspiration exceeds the precipitation. The cumulative

loss for the proceeding months are calculated to find out the

Accumulated Potential Water Loss (APWL) for each month.

1. During dry seasons to meet the demands of PET when
insufficient supply of water,

2. Reduced during wet seasons from soil moisture recharge,
and

3. Equals zero when soil moisture equal to the available
water holding capacity of the soil. The accumulated
values APWL for each month, were calculated by
running the sum of the daily P-PET values during the
periods when (P-PET) is negative value. Those months
having positive (P-PET) have APWL zero.

Soil moisture storage (SMS)

Soil moisture storage is defined as the total amount of water
which is held by the plant root zone. The soil texture and the
cropping pattern are the main factors that 27 determine the
soil storage. The rooting depth of the soil is directly
proportional to the amount of water that can be held by the
soil root zone. It means that greater the crop rooting depth
more amount of water is stored in the soil zone and thus
reduces the amount of water migrating beneath the zone to
add as groundwater recharge. The maximum amount of water
that can be held within the soil zone is referred to as field
capacity (Sahai, 2004). At field capacity the soil holds the
water against the force of gravity. Conceptually the
groundwater recharge does not commence until the moisture
content exceeds the field capacity as it acts as the threshold
limit. The water holding capacity at root zone is obtained by
multiplying the water content at the field capacity by the
effective depth of the soil root zone. Soil moisture storage can
be calculated using exponential function

SMS = AWCXEXP (APWL/AWC)
= AET is calculated as follow
When R > PET, then AET=PET
Otherwise AET=P + Change is SMS
= Water Deficit (WD)

Soil moisture deficit occurs when there is lack of available
moisture to be evaporated and transpired by plants. It means
that the actual evapotranspiration is less than the potential
evapotranspiration. Hence the soil moisture deficit is
calculated as the difference  between  potential
evapotranspiration and actual evapotranspiration
(Bakundukize, Camp, & Walraevens, 2011).

WD = PET-AET

= Water Surplus (WS) is excess rainfall over PET after soil
gets saturated.

= Moisture Availability Index (MAI)

MAI = AET/PET

Moisture Availability Index (MAI)

MAI= AET/PET

= |t is the ratio of AET to PET and is a good indicator of
moisture availability to crops

MAI>0.75 excellent for crop growth

0.50< MAI<.75 Good for crops

0.25< MAI<.50 Crop under moderate stress

MAI <0.25 Crop under severe stress
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Result and Discussion

Estimating groundwater recharge is often the primary purpose
of conducting a water balance. Recharge largely determines
the rate at which groundwater can be withdrawn from wells.
Recharge is estimated in the water balance model based on
the accounting of soil water content. When the water stored in
the soil exceeds the field capacity, excess water is assumed to
percolate downward beyond the lowest roots.

Thornthwaite and Mather method has been adopted to study
the water balance of the study area. The Thornthwaite-Mather
procedure for calculating recharge from the soil moisture
balance has been extended to use daily input values and to
include the delay caused by percolation through the
unsaturated zone. It is to be noted that only seven weeks i.e.
241 26M, 27 to 31%, Standard Meteorological Week (SMW)
are water surplus while the rest of the weeks are water deficit
week. The surplus water is available after the actual
evapotranspiration has occurred. Hence, the surplus water is
either available for soil moisture storage or generates runoff
or adds as groundwater recharge.

Thornthwaite mather’s book keeping method of water balance
is a comparison of rainfall and evapotranspiration in a
particular area. From the calculation of water balance of
Bharuch district it can be inferred that the amount of rainfall
exceeds the actual evapotranspiration in the weeks of 24",
26" to 32M, 34" and 38" (SMW) (Table-1) and Fig.1. The
total average rainfall of 31 years in the study area is 690.6
mm while the surplus water in the system amounts to 83.6
mm. The surplus water 83.6 mm results from the summation
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of water surplus in the system in the weeks of 24 26t 27t
to 31, The surplus water first satisfies the soil moisture
storage and then adds as groundwater recharge or generates
run-off. The Available Water Capacity at the study area is 214
mm. The storage is 214 mm in the weeks of 24", 26™ to 31,
This signifies that the surplus water in the weeks of 24" and
26" is required to satisfy the soil moisture storage in the study
area. Therefore the surplus water in the weeks of 27" to 31
either adds as groundwater recharge or generates runoff. 32"
to 34" is almost a balanced weeks in terms of soil moisture
since the potential evapotranspiration almost equals the actual
evapotranspiration. The potential evapotranspiration exceeds
the rainfall in the weeks 35" to 52" and 1% to 23" which
makes them water deficit weeks. These water deficit weeks
require irrigation facilities for agricultural practice in the
study area. 9™ to 21t weeks are the weeks of maximum water
deficit while the excess water adds to the system. In 24" to
39" weeks have more than 0.75 Moisture. Availability Index
(MALI) which are excellent for crop growth and 40" to 41%
weeks are good for crop growth. While crops are under
moderate stress in weeks of 22", 23, 42" to 451, 47" and in
weeks of 1% to 21 and 46 to 52" crops under several stress.
Similar result found by Roy and Ophori (2012).

In Bharuch region comes under low rainfall area. The area
received rainfall only in monsoon season. Last few years the
changes in rainfall pattern, amount of rainfall and uneven
rainfall distribution shown in this region which highly
affected on water balance of this region.

Table 1: Weekly water balance for the normal data (1985- 2015) for Bharuch with different component computed by Thornthwaite mather’s

book keeping method

Week | P | Pet | P-PET | APWL | SMS | Deltas | AET | WD | WS | MAI
1 04 [146| -14.2 -457.2 | 253 -1.7 21 1125] - 0.14
2 12 |16.1| -14.9 -472.1 | 23.6 -1.7 29 1132| - 0.18
3 01 [174] -173 -489.4 | 21.7 -1.8 19 |154| - 0.11
4 0.7 |147| -14.0 -503.3 | 204 -1.4 21 [126| - 0.14
5 0.0 [16.7| -16.7 -520.0 | 18.8 -1.5 15 |152| - 0.09
6 0.0 [19.0] -19.0 -539.0 | 17.2 -1.6 16 |174| - 0.08
7 0.8 [19.6| -18.9 -557.9 | 15.8 -1.5 22 174 - 0.11
8 05 [205| -20.0 -578.0 | 144 -1.4 19 |186]| - 0.09
9 0.5 |233| -22.8 -600.7 | 12.9 -1.5 19 |213| - 0.08
10 0.6 [25.0] -24.3 -625.1 | 115 -14 20 ]123.0] - 0.08
11 0.1 [263| -26.3 -651.4 | 10.2 -1.3 14 [25.0| - 0.05
12 0.0 [278| -27.8 -679.2 9.0 -1.2 12 266 - 0.04
13 0.0 [258| -25.7 -704.9 7.9 -1.0 10 |247| - 0.04
14 0.2 |236| -23.3 -728.2 7.1 -0.8 1.1 |225| - 0.04
15 0.0 [23.6| -23.6 -751.8 6.4 -0.7 07 1229| - 0.03
16 0.1 [23.0| -22.9 -174.7 5.7 -0.6 07 1222| - 0.03
17 0.1 [232] -231 -797.9 5.1 -0.6 0.7 1225| - 0.03
18 01 ]221| -22.0 -819.8 4.6 -0.5 06 [215]| - 0.03
19 14 [225] -211 -840.9 4.2 -0.4 19 |206] - 0.08
20 03 [231] -22.8 -863.7 3.8 -0.4 07 1224 - 0.03
21 0.2 [232| -23.0 -886.7 34 -0.4 06 |226| - 0.03
22 6.7 |247| -18.0 -904.7 3.1 -0.3 70 [17.7| - 0.28
23 6.8 |26.7| -19.9 -924.6 2.8 -0.3 70 [19.7| - 0.26
24 131.3]30.2 1.1 0.0 3.9 11 302 1 00|11 | 1.00
25 301|317 -1.6 -1.6 2124 | 2085 | 30.1 | 16 - 0.95
26 |764|338| 426 0.0 214.0 1.6 33.8 | 0.0 | 1.6 | 1.00
27 |591[380| 211 0.0 214.0 0.0 38.0 | 0.0 |21.1| 1.00
28 |522(388| 134 0.0 214.0 0.0 38.8 | 0.0 | 134 | 1.00
29 163.3[398| 234 0.0 214.0 0.0 39.8 1 0.0 | 234 1.00
30 [63.0[41.0] 220 0.0 214.0 0.0 410 ] 00 | 22 | 1.00
31 [43.8[428 1.0 0.0 214.0 0.0 428 | 00| 1 | 1.00
32 |419]1426| -08 -0.8 213.2 -0.8 427 |01 | - 1.00
33 |24.0[426| -186 -194 1954 | -178 | 418 | 0.9 - 0.98
34 |408]415] -07 -20.1 | 194.8 -0.6 414 | 0.1 - 1.00
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30

Rainfall (mm)

20

i J/
0..."":—_

-10

35 26.7 444 -17.7 -37.7 179.4 -15.4 422 | 2.2 - 0.95
36 33.9 438 -9.9 -47.6 171.3 -8.1 42.0 | 1.8 - 0.96
37 2271452 | -22.4 -70.1 154.3 -17.0 398 | 5.4 - 0.88
38 226 |45.0| -22.4 -92.5 138.9 -15.3 379 | 7.1 - 0.84
39 20.3|45.0| -24.7 -117.1 | 123.8 -15.1 354 | 9.6 - 0.79
40 45 |1 42.1| -37.6 -154.8 | 103.8 -20.0 245 | 17.7 - 0.58
41 6.2 | 424 | -36.1 -190.9 87.7 -16.1 22.4 | 20.0 - 0.53
42 1.2 |399]| -38.7 -229.6 73.2 -14.5 157 | 242 - 0.39
43 05 [36.2| -357 -265.3 61.9 -11.3 11.7 | 245 - 0.32
44 0.2 |335| -33.3 -298.6 53.0 -8.9 9.1 |243 - 0.27
45 14 |295| -28.2 -326.7 46.5 -6.5 79 |21.6 - 0.27
46 0.6 | 228 -22.2 -348.9 41.9 -4.6 52 |17.6 - 0.23
47 2.8 1209 -18.2 -367.1 38.5 -3.4 6.2 | 148 - 0.29
48 0.0 [19.0| -19.0 -386.1 35.2 -3.3 3.3 | 157 - 0.17
49 0.2 |170| -16.8 -402.9 32.6 -2.7 29 (141 - 0.17
50 0.3 |15.7| -155 -418.3 30.3 -2.3 26 [13.2] - 0.16
51 0.0 | 8.6 -8.6 -426.9 29.1 -1.2 1.2 7.4 - 0.14
52 0.0 |165| -16.5 -443.3 27.0 -2.2 22 | 143 - 0.13

90

80

70

60 —p Pet ——AET

50 WD WS

40

1234567 8910111213141516171819202122232425262728293031323334353637383940414243444546474849505152

Standard Meteorological weeks

I Tt ]

Fig 1: Weekly water balance for the normal data (1985-2015) for Bharuch with different component computed Thornthwait marther's book

keeping method

Conclusion

It is to be noted that only seven weeks i.e. 24", 26 27" to
31% Standard Meteorological Week (SMW) are water surplus
while the rest of the weeks are water deficit week. The surplus
water is available after the actual evapotranspiration has
occurred. Hence, the surplus water is either available for soil
moisture storage or generates runoff or adds as groundwater
recharge. The water surplus in the region occurs during 24,
26%, 27t to 31% weeks, while the rest of the weeks are water
deficit weeks in which weeks need artificial irrigation. In 24
to 39" weeks have more than 0.75 Moisture. Availability
Index (MAI) which are excellent for crop growth and 40™ to
41% weeks are good for crop growth. The crops are under
moderate stress in weeks of 22", 231, 42" to 45", 47" and in
weeks of 1% to 215 and 46" to 52" crops under several stress.
This finding this region selecting of short duration and
drought resistance crops during monsoon season.
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