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Analysis of rainfall in Patna Main Canal Command empioying two parameter gamma 
probability distribution model 

A. Upadhyaya, J. Kumar 1, Pramod Kumar', andA.K. Sikka3 
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Rainfall is one of the inost irnportant inputs for 

cn\1ancing agricultural production. In arid and semi-arid region, 

conservation of every drop of rain\\'§ller and its proper 

utilization in production system is emphasized whereas in 

humid region and particularly in irr'igated ecosyste1n the 

assessrnent and management of rainfall becotnes 1nore 

important frorn irrigation and drainage p Janning point or viev.·. 

In a canal co1nmand if rainfall is assessed at different probability 

levels and crop v,·ater requiren1ent is estimated using 

n1eteorologica] data. planning to meet irrigation requirement 

through canal or ground \Valer and drainage requirement from 

the fields can be done in advance_ Proper assessrnent and 

utilization of rainfall can reduce the dependency for irrigation 

on other \Valer sources_ 1-\']1ich inay increase the area under 

irrigation through canal or ground \Valer. 

The conl!nand of Patna tv1ain Canal (P\1C) under Sone 

Canal Project (one of the oldest irrigation systems in the 

country co1nplcted in 1873-74) v,·as selected as study area. 

The total length of PMC is 124.8 Km. It has 12 reaches, 35 

clistributaries taking off from it and 12 sub-distributarics taking 

off frorn ifs distributaries_ As per records of Irrigation/Water 

resources Department the total Canal Command Area (CCA) 

of PMC is 1.13 lak\1 ha. Detailed infonnation about the Patna 

,\.lain Canal is given in the report by l,'padhyaya (2005). 

In order to study the variability of rainfall in Patna 

Canal co1nmand, daily rainfall data for 32 years ( 197 4-2005) at 

three representative raingauge stations i.e. (Daudnagar, 

Pauliganj and Naubatpur located in head, 1niddlc: and tail reach 

of Patna Jvlain Canal, respectively) \Vere collected fron1 

Department of Statistics and Evaluation, Govt. ofI3ihar. Daily 

rainfall data \\'as converted into \veekly, n1onthly and annual 

distribution for 11,1eekly. monthly and annual rainfall series at 

these stations but no single distribution except t\VO para1neter 

Gamma probability distribution 1-vas observed to be fitting 

\vell in \\'eckly, monthly and annual rainfall. Llpadhyaya and 

Singh (I 994) reported that ,1vo parameter Gamma probability 

distribution was the be<;t fit di'itribution for 42 )Cars rainfall 

series of 52 v.·eeks at Bhubanesv,·ar. 

T1vo pararneter Gani in a probability function is defined 

as (Hogg, \T.R. and Craig, ,\.T .. 1969) 

' r" - e-fi 
f(y)~'1rr(a) ( l) 

and ihe l\\'O pararneter C.lamina distribution function is 

defu1ed as (Abramo,vitL anc! Stegun, 1972) 

'., 
P(a./j :v)=i )_'._I 

\ /3 ;' 
(2) 

v,·here M( 1.1--'-u. y/;3) is Kummer function and is defined 

as given belov.-·. (1\bramO\\'ilz and Stegun.1972) 

,r i ( v 1 z 
11~ ui~' 

\1(1.l-'-a,-"----)=1+~- \/3) + ... + 
/3 li+a) (l+a).(2+a).2! 
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! .2.3 ... ii., --1 
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(1 +a). (2 -t- o:) .. (n--'--a) 11: 

(3) 

rainfall and series of32 ;ears \Vere analyzed for three raingauge In the n~·o parameter Garnma distribution function a 

stations. Son1e probability distribution n1odels like Normal, and~ are shape and scale paran1eters, respectively. 

Pearson, Extreme, Lognonnal, Log pearson, Log extreme and 
Gamma distributions \vere evaluated to detem1inc the best fit \\'11ile fitting tile t-....·o paran1etcr Gamma distribution to 
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weekly or monthly rainfall data zero and non-zero values \vcre 

separated from the series of each \Veek or month_ The shape 

parameter, a, and scale parameter, p, were determined only tOr 

the non-zero values. Thom (1958) estim<tted the shape 

parameter (a) and scale parameter CP) based on tn1ncation of 

series expansion of the maximu1n likelihood estimator. These 

parameters are defined as belo\V. 

I ~A\ 
a=-c1+ I! 1+4.~)> 

4.A I\ 3 

in which 

" 
l:lny 

A=lnj!-...:.=!_____~ 
n 

(4) 

(5) 

Here n is the number of values in data series greater 

than zero, and y is arithmetic mean of non-zero values. Again 

a can be corrected for biasness and thus estin1ated value of a 
becomes 

a 
E(a)=(n-3)-

n 
forn;::4 (6) 

and estimated value of p becomes 

/3=)' 
a (7) 

Variance ratio test suggested by l'vfooley (1974) \Vas 

applied to test the fitting of Gamma distribution to the non

zero rainfall data. 'fhis test can be applied for all distributions 

for which the theoretical variance can be determined 

independently from the parameters estimated by a method 

other than the method of moments. If a and p are maximun1 

likelihood estimates then the theoretical variance is p20:. 

Chi-square test statistics is computed e1nploying the 
equation given below. 

(8) 

Computed Chi-square values are con1pared \Vith 

rabulated Chi-square values for (n-1) dcgree ot freedo1n at 

95o/o confidence Jeve I. If computed Chi-square value at 95<;10 

confidence ievel is iess than Chi-sq'-larc: >alue given in the 

table then the Garnrna distribution fit~ the series of non-zero 
rainfall. 

Probability, P, as dc:fined by equation (2) can be 

determined for different values of non-zero rainfall using shape 

and scale parameters_ Probability, Q, for zero rainfall is 

calcula1ed by dividing the nun1ber of zero values by total 

nuniber qfrainfall values in a ~eries, i.e. 

(9) 

wh..-:re Mis nu1nber of zero values and N is total nuniber 

of zero and non-zero rainfall values in a series. 

The total probability of rain Oeir.g less than or equal to 

a particular value is given b) · 

T'---'Q+(l -Q)P (10) 

\>here Tis total probabilit) o:·rain being less than or 

equal to a particular value in a mixed Garnn1a dis1ribution; Q is 

probability of rain being zero in a oezies; ( 1-Q) is probability of 

rain being non-zero in a series, and Pis ~he probability of rain 

being less than or eqi;al to a pa;cicu:ar value, y 

In order to dete<n11n~ ;:Le wcekiy, montl:ly, annual 

rainfall values at desired probabilit; ievcls tot<i.l probabilities 

\Vere calculated for each WL'.ek, 121onth and year for the rainfall 

values starting fron1 2 m1r1 vri1h an incrernent of 2 mm and 

ending to the values at \vhich ;:irobabiiity becon1es 99~/o. A 

table having rainfall values and probability corresponding to 

these values \Vas generated from above analysis_ ln order to 

compute rainfall values at different probability levels the 

technique of linear irnerpolation as defined below \Vas 
employed. 

If at level ofprobabi iity, Cr, value of rainfall, R, has to 

be determined and corresponding to T, and T,.
1 

probability 

levels rainfall values Ri and Ri+ l are known, then interpolated 

value of rainfall, R, \vas computed as belo\v. 

(R -R) 
R= "' ' (T -T)+R 

(T -T) ' ' 
l+l I 

(11) 
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A con1puter program \Vas \\Tinen in Fortran 90 to create 

tables fOr each week containing rain rail and probabilities and 

technique of linear interpolation to co1npute rainfall at desired 
probability levels. 

Average and probabilistic annual, 1nonthly and \Veekly 

rainfall at Daudnagarraingauge station in head reach, Paliganj 

raingauge station in the middle reach, and Naubatpur 

raingauge station in the tail reach of Patna lvtain Canal >vere 

computed. Analysis reveals that average annual rainfall at 

these raingauge stations is 997.4, 888.9, and 974.1 n1n1, 

respectively. !1.-faximurn and n1inimun1 rainfall values in head, 

middle and tail reaches are 1555.0 nun in 1997 and 478.2 mm 

during 1982, 1342.4mni in 1997 and490.2 min during 1998, and 

1452.3 inm in 1997 and 537.6mm during 1982. In head, middle 

and tail reaches at representative raingauge sites, during 

monsoon months (June to September), 87.6 ~/o, 90.3o/o and 

88.8o/o rainfall and during non-n1onsoon n1onths, I2.4%, 9. 7o/o 

and 11.2% rainfall occu1Ted. At Daudnagar, average nionthly 

rainfall of July is the highest i.e. 3 I 9 .8 min followed by 234.9 

mm in August, 188.7 nun in Septcinber and 130.8 nun in June; 

\Vhereas at Paliganj, the highest of292.6 mn1 in July followed 

by 214.8 mm in August, 183.7 mm in September and 111.3 1nm 

in June; and at Naubatpur the highest of 348 min in July 

followed by 224. 7 min in August, 185. 7 mm 1n September and 

106.6 mm in June is observed. Average \veekly rainfall is 

maximum of82.2 mm, 75.4 mm, and 89.5 n1n1in28th week and 

varies in the range of 426.6 to 0.0 mm, 534.8 to 0.0 mm, and 

522.0 to 0.0 rnm, respectively at Daudnagar, Paliganj and 
Naubatpur raingauge stations. 

A comparison of average annual rainfall at the 

raingauge stations representing head, n1iddle and tail reaches 

of PMC shows that it lies in the range of888.9 mm to 999.4 nun. 

Average annual rainfall is the highest in the head reach 

followed by tail and n1iddle reaches. !n the month of July 

average monthly rainfall is the highest atNaubatpur followed 

by Daudnagar and Paliganj, respectively. 

Tv.'o parameter Gamma probability distribution n1odel 

was tried to fit in annual, monthly and weekly rainfall at 

Daudnagar, Paliganj and Naubatpur. It is observed that this 

mode! fits >vell in weekly, monthly and annual rainfall of all the 

three locations. The model \vas used to predict annual, monthly 

ind weekly rainfall at different probability levels at these 

locations, since in planning, decision making, and canal 

Jperation rainfall at diffefent probability levels play an 

important role. So, predicted annuai, monthiy, and weekly 

rainfall values at probability of exceedance (0.50, 0.75 and 

0.90) are given below in Table 1-3 at Daudnagar, Paliganj and 

Naubatpur raingauge stations. 

Tabk l Pred11:red annua{ ra1rjall at thr~e drjferen/ probab1!t11es l<SJng 

/Ho parameter Gamma probabi!iry dJstr1b1</1on model at 

Daudnagar, Pa!igan; 1u1d :\"aubalpur (Head. .~fiddle and 

Taii Reach uf Faina ,\fain Car;a/) 

Place Predicted annuai rarnfali a1 differem probab1lit1es 

Daudnagar 

Paligan.1 

l\'aubaipur 

U.50 

970 8 

869.2 

953.8 

0.75 0 90 

'93.~ 654.5 

724 2 608 6 
798 6 674.4 

It n1ay be observed from Table l that annual rainfall at 

Paliganj (1niddle reach) at 50~'0, 75% and 90°/o probability levels 

is the ]o\vest compared to annual rainfall at Daudnagar (head 

reach) and Naubarpur (tail reach). At 50o/Q probability level 

annual rainfall at f\aubatpur (rail reach) is less than annual 

rainfall at Daudnagar (head reach) Out at 75% and 90% 

probability levels annual rainfali at }i aubatpur (tail reach) is 

n1ore than the annual rainfali at Daudnagar (head reach). 

Annual rainfall ar Naubatpu~ at 50~'0, 7 So/o and 90~,0 probability 

levels are 953.8 n1n1, 798.6 inm and 674.4 mm, respectively, 

>vhereas at Daudnagar and Paliganj, these values are 970.8 

mm, 793.8 mn1, and 654.5 n1m and 869.2 mm, 724.2 mm, and 
608.6 mm, respecrively. 

Predicred !TIOnthly and v,.·ecki;..' rainfall values at 

different probability !evels (0.50, 0. 7 5 and 0.90) computed at 

Daudnagar, Paliganj and 1'2ubarpur raingauge stations are 

reported above in Tabies 2 and 3, respectively. It 1nay be 

observed from Table 2 that ir. rhc monrh of July rainfall at all 

these locations is 1naximu1n and reduces gradually in August, 

Seple1nber and June. Table 3 sho\\/S significant variation in 

\.veekly rainfall al all the three locations and suggests that 

studies should be conducted using rainfa!i of these raingauge 

stations representing head, n1iddle and tail reach of Patna 
Main Canal. 

Two paran1eter Gamma probability distribution 1nodel 

v,.·as observed to fit v.·ell in \V<'ekiy, monthly and annual rainfall 

data of32 years (1974-2005) at all the three raingauge srations 

located in head, middle and tail reaches. E1nploying this model 

probable \.Veckly, morrthly and annual rainfall values at 

probability levels of0.50, 0.75 c.nd 0.90 v.'ere co1npu1ed. \Veekly 

and 1nonthly variation in rainfall at the three raingauge stations 

representing head, middle and rail reaches of Patna Main Canal 

is significant so for bener planning about release of water 
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Table 2. Pred1r:1ed mon1hly ra1rfall al differenl probabililleJ '"mg 111·0 parwme/er Cammu probabli10· d1s1r1init1on "'u"'''' al D"uJnagar. Pol1gu11/ 

and Nauba1pur (He"d Afiddfe and Tail Reach of Pama :\Jain Canal) 

lvronth 

January 

February 

.'vtarch 

April 

/.lay 

June 

July 

August 

September 

October 

November 

December 

Head 

Reach 

5.6 

3 2 

0.0 

0 0 

16.2 

100.5 

293.4 

216_ 7 

157 .2 

26 5 

0 0 

0 0 

Predicted n1ontbly rainfall rn Head, Middle and Tail reaches at ci1ree tiLCfrrent prababil11y levels 

0.50 

Middle 

R~ach 

0 0 

0.0 

0 0 

4 8 

7.9 

95.2 

26i.6 

20L4 

159-4 

I iJ.3 

0 0 

0 0 

Tail 

Reach 

0.0 

0.0 

0 0 

27 

21.1 

95 1 

J 12 2 

20 ! 8 

l 5 8 .4 

24.8 

0 0 

0 0 

[-lead 

Reach 

0.0 

0 0 

0 0 

0 0 

3 7 

49.2 

202. l 

151 l 

84.8 

5 7 

0.0 

0.0 

0 75 

\.11ddle 

Reach 

0 0 

0 0 

0 0 

0 0 

0 0 

56.3 

169.8 

146.5 

97 3 

4 7 

0.0 

0 0 

Tail 

Reach 

0.0 

0 0 

0 0 

0 0 

7 3 

61.4 

21).;. () 

132_ l 

93_2 

3 7 

()_Q 

0.0 

Head 

Reach 

0 0 

0.0 

0_0 

G 0 

0 0 

22_4 

138 6 

l ~5 1 

39 7 

0 () 

0 0 

0 G 

0 90 

lv\1ddle 

Reach 

0.0 

0 0 

0 0 

0.0 

0.0 

32.4 

i 09 0 

! 06_8 

5 8 1 

0 0 

0 0 

0 0 

1LO 

0.0 

0 0 

OU 
0 0 

39.2 

132.0 

85 6 

53.4 

0 0 

0 0 

(} 0 

Table J_ Pr~dicled weekly rainfall at differenl prubabifllies at Daudnagar, Pa!igan) and A'a11ba1p11r i.'{eiJ.d _\fiddle w1d Ta:i Rea~h uf Patna Jfam C,mal) 

Ylonth 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
14 

15 

16 

17 

18 

19 

20 

21 

22 
23 

24 

25 

26 
27 

28 

29 

30 

!lead 

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 

0 0 

0 0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 0 

0 0 

0.0 

19. 7 

35 8 

56 3 

48 7 

56.0 

56.9 

Predicted weekly rainfall in Head, ]\.{iddk and Tail r~aches at 1'1rcc d1fkrent probability levels 

0 50 

:Vliddlc 

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 

0 0 

0.0 

0.0 

0 0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 0 

6.5 

23 8 

36.7 

39.5 
48_7 

51.2 

48.7 

Tail 

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 0 

0 0 

0 0 

0 0 

0 0 

0.0 

3.2 

0 0 

2.7 

6.8 

18 8 

29.2 

6--l.9 

57_7 

52_ l 

47 8 

Head 

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 

0 0 

0 0 

0 0 

0 0 

0 0 

0.0 

0 0 

0 0 

0.0 

0.0 

0.0 

0 0 

8.2 

25 5 

6.S 

26_0 

27 .3 

0.75 

Middle 

0 0 

0 0 

0 0 

0 0 

0.0 

0.0 

0 0 

0.0 

11 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 0 

0 0 

0.0 

8.2 

8. 5 

l5.4 

16.2 

21 4 

20_0 

Tuii 

0 0 

0 0 

0.0 

0 0 

0 0 

0 0 

0 0 

0 0 

0. 0 

o_o 
O_G 

0 G 
0 0 

{j_Q 

0 0 

0 0 

0 ' c 

0 0 

o_o 
0.0 

0.0 

0 0 

0 0 

0 0 

3 2 

4 l 

30_6 

19 1 

j 7_3 

22.0 

H~ud 

C C• 

c c. 

0 c 
0 u 
U_u 

o_u 
C· -~' 

0 c 
0 [J 

0,0 

0. r, 

0 l 

u_o 
;~·' J 

c c 
o_o 

''· 0 

c 0 

c 0 

c 0 
,, _Q 

11 l 

10_8 

0_90 

~· '.) 

c c 
c 0 

0 0 

0 0 

:)_0 

0 c 
G.G 

0 0 

0 0 

G 0 

0 0 

0 0 

'° 
0 0 

0.0 

0 0 

0 0 

0 0 

0 0 

3 \ 
2 _ _. 

5_0 

4 6 

rail 

0 0 

0.0 
(J 0 

0 11 

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 

0.0 

0.0 

0 0 

o_o 
0 0 

0 0 

0.0 

0 0 

0 0 

0 2 

2.8 

2 6 

9.3 
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31 34 8 38_6 36.0 18_3 
32 44.8 40 2 38 7 19.9 
13 37.5 38 8 32 7 j 7 7 
34 43.0 29.8 48 2 14_7 
35 39_8 31 1 26.9 14_ l 
36 39_8 38.6 38.2 13 8 
37 37.8 36.9 42_ l 10 8 
38 8.5 13 5 18 1 0.0 
39 4.4 8.9 9. 7 0 0 
40 0 0 97 12_9 0 0 
41 0.0 0.0 0 0 0.0 
42 0 0 0 0 0.0 0 0 
43 0 0 0.0 0 0 0 0 

" 0.0 0 0 0 0 0.0 
45 0 0 0 0 0 0 0.0 
46 0.0 0 0 0 0 0.0 
47 0.0 0 0 0 0 0.0 
48 0.0 0 0 0 0 0.0 
49 0 0 0 0 0.0 0.0 
50 0.0 0.0 0 0 0 0 
51 0.0 0 0 0.0 0 0 
l2 0.0 0.0 0 0 0 0 

from Patna Main Canal for irrigation of crops in its command 

probable rainfall at head, middle and tail reach should be 
considered. 
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