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Abstract

Hydrological analyses are often encountered with many missing periods of rainfall while design-
ing developmental action plans for inaccessible and disadvantageous area. Visual basic based ap-
plication software (to run in MS Excel) was developed to calculate and autofilled the missing rain-
fall data using widely followed Normal Ratio Method. The operational details of the software are
described in the paper.
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1. Introduction

Continuous meteorological data of contiguous stations are extremely important for forecasting and planning de-
velopmental activities in agriculture. Meteorological parameters change erratically at short intervals both spa-
tially and temporally. It’s a huge task to accumulate data at decentralised locations, particularly for the develop-
ing and under developed countries because of inaccessibility and difficult field situations. Rainfalls being one of
the most important meteorological parameters, numbers of statistical methods are in use for filling of the miss-
ing rainfall data with varied logical and technical considerations. Dynamics of short term rainfall has a signifi-
cant role in hydrological planning [1] and the missing periods need therefore be filled up for better analysis,
prediction and efficient rainfall-runoff modeling [2]. Simple (simple arithmetic average, normal ratio or NR, and
NR weighted with correlations) as well as complex type neural network, and multiple imputation strategy
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adopted by Monte Carlo Markov Chain based on expectation-maximization or EM-MCMC) methods are used
for calculation of missing rainfall values [3]. [2], [4] and [5] have also mentioned about different logical con-
cepts and mathematical applications, which requires intensive calculations and computations.

Temporal as well as spatial correlation is required for near accurate calculation of missing values of rainfall in
a particular station. The more decentralised stations we go, the less difference of rainfall value we may get.
Normal ratio method (Equation (1)) is one of the existing conventional methods, suitable for gap filling of the
rainfall records particularly when the normal annual precipitation at any index station differs from that of the in-
terpolation station by more than 10% [6] [7]. [8] have used this method at various places of the world. The me-
thod is one of the simpler ways of predicting missing values [3], but repeating calculations makes it hectic if the

number of records is very large.
N(R B P P
Px —_X _1+_2+_3+”_+_n (1)
ni{N, N, N, N,
Where, P, = Missed rainfall of Station-x to be filled; N, = Annual Average rainfall of Station-x; P,
P,, B, and B, and N,, N,, N, and N, corresponding rainfall values of Stations-1,2,3,---,n and an-
nual average rainfall values of Stations-1,2,3,---,n, respectively; n = number of stations for which rainfall data
are available.

2. Methods and Materials

An attempt was therefore made to develop a software code using Microsoft-Excel Visual Basic Application for
gap filling of the missing rainfall data based on the “Normal Ratio” method. The rainfall of the 12 community
development blocks (CDBs) of Kandhamal district in Odisha state of India were used as an example for this.
The district is one of the most undeveloped regions of the country and the world as well and therefore has a
large number of missing values in terms of rainfall and other metereological parameters even on daily, weekly
and monthly basis.

3. The Software Code

The software comprises 389 lines of code in Visual Basic Application, which is to be copied in the code window
of the Excel object (Microsoft Excel 3.1 or later version) in a separate module so that it can run in all open
workbooks. It can also be used with creation of a macro button in the Menu bar to run the program. It will not
affect the original data file; rather the output file after gap filling was stored in the root C:\ directory with a new
file name. The message box at appropriate stages of the program kept the user alert for any apprehension.

The advantage of this code is that, unlike earlier coding procedures like FORTRAN etc. It does not require
any particular data format. The rainfall data are to be kept in Excel sheets (separate sheet for individual stations)
and the message box at appropriate stages, while running the program, kept the user alert for any apprehension.

The flow chart of the running of the programme is shown in Figure 1. With installation of the software, a new
icon will be added to the “Quick Access Toolbar” of the MS Excel sheet at the top of the screen as in Figure 2.
The first row and the first column of the excel sheet are for the name of the months and the name of the years,
respectively. The actual rainfall data may therefore entered from the “B2” cell (Figure 3). Figures 4, 5 shows
the initial message box that appeared just after clicking the “MissRF” icon on toolbar. It displays a set of in-
structions with the default option of “No”. Once “Yes” button was clicked, the program starts executing. Then
the program fills the gaps existing in the respective stations in different sheets as per the equation of Normal Ra-
tio Method. The filled in data are then reformatted in a different colour and saved in a different file name not af-
fecting the original file. Soon after the program execution is complete, another message box (Figure 5) appears
to indicate the end of program execution. After gap filling by the program, the new Excel file was stored in the
root directory C:\ with a new file name having “-Norm” extension to the original file name as shown in Figure 6.
The program, not only fills the gaps, but also calculates; year wise total value, monsoon total and yearly average
values to be used for further analysis.

4. Conclusion

The 389 lines code Visual Basic Application software to be used as a Microsoft Excel object is observed to be a
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Figure 1. Flow chart of running of the programme (MissRF) to calculate missing rainfall.
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Figure 2. MissRF icon on toolbar.
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Figure 3. Input data format.

user-friendly application tool for gap-filling of missing rainfall data considering Normal Ratio method. The code
is simply to be copied to the code window of the Excel object in a separate module so that it can be run in all
open workbooks. It will be easier if one Macro Button is created in the Menu bar to run the program. The ad-
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missing rainfall soft...




P. K. Mohanty et al.

Missing RF Example - Norm [Compatibility Mode] - Microsoft Excel )
—“ Home  Insert  Pagelayout  Formulas Data  Review | View | Developer @ - o x
J' IjJ = Ruler | Formuapar | () _,% [J S % :,EI [=] spli 1) View Side by Side —-— ==
V! Gridlines V| Headings A S — == Hide A% syr = =
Normal| Page Page Break | Custom Full Zoom 100% Zoomto | MNew Amange Freeze Save Switch || Macros
ayout Preview Views Screen Message Ba Selection || Window Al Panes~ | Unhide | 43 t Wind: N | Warkspace Windows ~ -
Waorkbook Views Show/Hide Zoom Window Macros
Al x I ‘ --- RAINFALL DATA SERIES AFTER GAP FILLING BY NORMAL RATIO METHOD --- ¥
A B C 5] E F G H | J 3 L M [ 5] B ] R ) o u W W B & B An L
1
2 A28 38
3 eartMont] van | Feb | mar | Apr [ May [ wun | wui | Aug [ sep [ oce [ wov [ Dec |ann.totaimans.toral
4 1961 057.65 113.44 000.00 02964 12208 159.68 265.96 289.12 356.39 15268 00845 007.01 ' 156210 " 1072.60
) 1962 00213 003.22 006.67 050.34 049.09 35505 312.29 49045 299.31 126.20 000.00 003.01  1697.76 " 122825
3 1963 00341 007.19 007.42 047.87 05821 ?NA7 247.38 36525 37152 20175 00363 00000 162516 " 1189.59
z: 1964 00512 045.04 00884 02583 04528 14823 40046 44267 18298 05367 00395 000.00 137104 " 109264
8 1965 01183 014.36 103.86 018.71 056.04 094.39 546.59 19449 200.51 032.05 000.00 000.00 | 1273.33 " 975.6%
E) 1986 049.88 00013 00350 02431 16351 27147 2261 130.84 20151 06533 08640 01320 129698 ~ 770.86
0 19867 02456 00274 067.35 02851 03306 25312 232.26 23261 237.71 024.05 000.00 0223+ 115882 " 72663
1 1968 042.92 02301 034.02 029.02 025.08 08444 39538 22232 29180 12421 003.05 000.00" 1275.41 " 1036.94
2 1969 0.00 | 000 | 0.00 | 000 | 71.70 | 105.00| 461.50] 189.30| 166.70| 32.00 | 0.00 | 0.00 F 1026.20 " 84350
5 1970 | 11.10 | 0.00 | 41.30 | 87.50 | 75.40 | 570.30]254.00]356.40| 267.60] 57.60 | 0.00 | 0.00 ! 173440 " s38.30
# 1971 0.00 | 000 | 0.00 | 000 | 48.00|231.20] 263,70 436.50] 152.0] 30.00 | 0.00 | 0.00 [ f204.30 " 925.10
" 1972 0.00 | 30.80 | 0.00 | 22.00 | 41.50 | 132.00]267.50| 201.00] 171.10] 0.00 | 0.00 | 0.00 [ ses.90 " 73960 L
[ 1973 0.00 | 000 | 3480 001 | 5.00 | 68.50 | 537.60 113.60| 234.00] 89.50 | 25.00 | 0.00 [ mize1 " sssve 5
7 1974 0.00 | 0.00 | 13.80 | 1260 | 15.80 | 107.30]157.70| 201.60| 99.50 | 43.80 | 0.00 | 0.00 [ eazi0 " s4z60
B 1975 210 | 0.80 | 0.30 |152.30] 21.30 | 167.40| 337.40] 376.80] 238.30] 54.00 | 0.00 | 0.00 ! 1370.70 " 1006.50
) 1976 0.00 | 0.00 | 0.00 | 56.30 | 41.50 | 53.80 [ 501.40[620.90( 388.20] 6.00 | 20.00 | 0.00 | 16380 ” 154550
20 1e1z 0.00 [ 130.00] 26.30 | 4300 | 0.00 | 150.00] 501.80[ 232.80[437.10] 19.00 [121.50] 250 [ 67400 " 11220
21 1978 2.50 | 65.30 | 14.00 | 66.50 | 0.30 | 160.50| 404.00] 615.30]176.00] 12.60 | 0.00 | 0.00 ! 13¢50 " 1208.40
z2 [ 1978 7.50 | 0.00 | 0.00 | 2150 | 11.50 | 486.4D] 341.60]308.80[179.80] 2510 | 2.50 | 2.50 | 1282.60 " 857.90
23 1980 7.50 | 10.00 | 30.30 | 2.80 | 30.00 | 335.20] 508.50] 332.90 [ 313.60] 27.30 | 0.00 | 3.30 | 160240 " 118330
T 5230 | 510 |212.60] 1420 | 34.70 | 150.30] 13250 597.80] 312.80] 29.30 | 0.00 | 0.00 © 155160 " toe2.40
m | 1982 0.00 | 47.10 | 101.30] 69.10 | 35.00 | 113.70] 245,40 619.90] 36.70 | 6.20 | 870 | 0.00 [ 12860 " s1s.90
1983 0.00 | 96.00 | 13.70 | 2230 | 39.00 | 156.50| 246.50| 278.10| 314.40] 91.50 | 0.00 | 0.00 | 1258.00 " 83050
PRI 600 | 0.00 | 0.00 | 7010 | 25.20 | 302.00]223.10] 350.30]164.90] 12.70 | 0.00 | 0.00 I #i56:30 " 75100
29| 1989 | 25,10 | 1240 0.00 | 15.30 | 55.20 | 196.50] 303.70] 447.30 | 457.40] 12550 0.00 | 0.00 [ 168180 " 1373.90
73| 1988 | 32.00 | 5270 | 1.50 | 23.50 | 26.60 | 415.40] 43250 301.50] 73.30 | 56.00 | 37.00 | 9.00 ! 1464.00 " so0.30
20 1987 | 17.00 | 0.00 | 23.50 | 30.00 [ 103.50] 116.40] 194.20] 187.90] &5.00 | 109.00] 45.00 | 0.00 | mais0 " soii0
El 1988 0.00 | 42.20 | 0.00 | 59.30 | 200.00] 115.60] 365,60 | 264.20| 264.50| 26.00 | 0.00 | 0.00 [ 1as8.90 " 94360 gl
32| 1988 0.00 | 000 | 16.00 | 0.00 | 4580 | 455.90|225.00( 223.40] 80.20 | 6.80 | 0.00 | 0.00 | w7210 " 54540
3 1990 0.00 | 44.20 | 68.40 | 129.60|212.00] 369.20] 360.80| 712.40 [ 255,80 241.60| 9370 | 5.00 [ 248270 " 166430
T 2.00 | 0.00 | 0.00 | 32.00 | 3460 | 234.90] 613.90] 715.00] 253.00] 71.40 | 31.50 | 0.00 ! 1988.30 " 16e4.90
1992 0.00 | 0.00 | 0.00 |120.60] 108.60] 209.20|729.60[379.70 [ 104.60] 51.80 | 0.00 | 0.00 | 120430 " 126570
6 1993 0.00 | 0.00 | 0.00 | 2000 [113.10]162.00] 455.40[ 446.20[ 470.50] B7.00 | 0.00 | 0.00 | reasz0 " is0s10
a7 1994 0.00 | 4150 | 0.00 | 7500 | 10.00 | 371.50] 456,50 | 682,00 539.00] 46.00 | 0.00 | 0.00 [ 217450 " 172350
73 1999 | 50.00 | 200 | 21.00 | 14.20 | 395.00] 10.00] 511.00] 270.00| 214.00] 101.00]131.00] 0.00 | 18s8.20 " 1227.00
331996 | 26.00 | 17.00 | 17.00 | 66.00 | .00 |170.00]442.00[390.00[134.00] 500 | 0.00 | 0.00 | 127600 " s7r.00
401997 [ 50.00 | 0.00 | 48.00 | 00.00 | 41.00 [ 169.00]387.00] 707.00| 302.00] 0.00 | 39.00 | 105.007 1938.00 " 1435.00
# 1998 0.00 | 60.00 | 90.00 | 64.00 | 76.00 [ 163.00] 393.40] 160.00] 295.00] 55.00 | 74.00 | 0.00 | #rz.40 " 10ir.40
42 1998 0.00 | 0.00 | 0.00 | 0.00 |225.00[127.00]458.00]215.90( 283.00]213.00] 0.00 | 0.00 | 183190 " mza.s0
43 2000 0.00 | 73.00 | 600 | 2.00 | 61.00 | 258.00] 803.00] 305.00] 250.00] 12.00 | 0.00 | 0.00 | reza60 " 1370.00
4 zom 0.00 | 0.00 | 0.00 | 70.00 | 114.00] 555.00] 623.00| 351.00| 316.00] 46.00 | 0.00 | 0.00 [ 22v9.00 " 1542.00
45 2002 0.00 | 0.00 | 26.00 | 14.00 [148.00]115.10] 87.00 [631.50(172.00] 28.00 | 0.00 | 0.00 [ 122260 " s1s.50
4| 2003 0.00 | 0.00 | 22.00 | 48.00 | 21.00 [187.00] 448.00| 709.00] 571.40[ 232,00 0.00 | 57.00 | 228540 " 136040
4 2004 .00 | 24.00 | 15.00 | 122.00] 86.00 | 364.00] 406.00] 371.00] 77.00 | 20500] 0.00 | 0.00 [ 1680.00 " 1059.00
43 2006 [60.00 0.00 | 0.00 | 600 |162.00[236.00[512.00] 186.00[ 484.00| 238.00] 17.00 | 0.00 ! 1903.00 " 1433.00
43 2008 0.00 | 0.00 | 1500 15.00 | 54.00 | 119.00] 525.00 [#kaee| 232 00| 0.00 | 0.00 | 0.00 | z167.00 " 1350.00
50 2007 0.00 | 000 | 0.00 | 1200 | 18.00 | 214,00/ 150.00]747.00] 445.00] 78.50 | 0.00 | 0.00 | f708.50 " 1464.50
51| zo08 [ 2500 11.00 | 0.00 | 25.00 | 0.00 | 311.00]250.00] 593.30] 572.00] 0.00 | 0.00 | 0.00 [ svez.30. " m15.30
52 Monthly Avg. 013.01 02030 022.70 040.88 070.56 221.29 385.30 #07.72 267.09 070.96 01566 004.80
53
54
55 |
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Figure 6. Rainfall data series after gap filling.

vantage of this code is that it does not affect the original data file; rather the output file after gap filling is stored
in the root C:\ directory with a new file name. The message box at appropriate stages of the program keeps the
user alert for any apprehension. The above codes are operative for finding out the missing monthly data. But for
the missing daily data, the program needs to be redesigned.
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