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Confidence limits of expected monthly rainfall for some
selected stations in Peninsular Malaysia
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ABSTRACT. Monthly total rainfall for 15 stations in Peninsular Malaysia were analysed, The original, rainfall data.
were normalised by Bartlett's square root transformation. Confidence limits of expected monthly rainfall were
calculated from the transformed data and reconverted back to the original units. Possible applications of the
confidence limits of expected monthly rainfall to agriculiure are briefly discussed.

1. Introduetion

Various aspects of rainfall studies in Penin-
sular Malaysia have been undertaken (see Dale
1960 and Lim 1976). Generally, it was found
that there exists a seasonal variation of rainfall
pattern.  As stated by Manning (1960), this
rainfall variability is an important factor in limit-
ing growth and yield of rain-grown tropical crops.
Such being the case, it would be extremely useful
for any agricultural operation to know in ad-
vancethe confidence limits of expected rainfall.
It is generally agreed that 90 per cent fiducial
probability of rainfall, i.e., the limits within
which the rainfall may be expected to lie nine
years out of ten, is of practical interest to farmers.
However, frequency of rainfall distribution for
most stations could be shown to be highly
skewed. This means that the averages and stan-
dard deviations of the rainfall data lack the
necessary precision, and thus could be mis-

leading.

Several transformations can be used to normalise
a set of skew data. In this paper, the logarithmic
and the Bartlett’s transformation were applied
to the monthly rainfall data of 15 selected
stations. It is found that the logarithmie transform
[y=Ilog (z-+c)]is not 20 suitable as the Bartlett’s

square root: transform (y=1/2--0'5),consequently,
Bartlett’s transformation was adopted forcorrect-
ing skewness of the data.

2. Rainfall data
Fig. 1 shows the locations of the 15 selected sta-
tions in Peninsular Malaysia. Rainfall records of

these stations are substantially long and range
from 40 to 85 years. These records were extracted
from the Monthly Abstracts of Meteorological
Observations published by the Malaysian Meteoro-
logical Service and Hydrological Data published by
Drainage and Irrigation Department of Malaysia.

It was found that there were some missing data
in the rainfall records especially during the
Second World War period (1940-1945). Hence
these missing data were not considered in the
analysis of the rainfall records.

8. Analysis of data and resulis

To test for the skewness of the rainfall data
the first four moments of the frequency distribution
were caloulated and from which, the moment coeffi-
cient of skewness and kurtosis denoted by
B, and B, respectively were computed,
For perfect normal distribution, B, = 0 and
B, = 3. However, small deviation {rom these
values would not affect significantly the com-
putations  (e.g., Bakthavathsaln et al. 1953)
of confidence limits of expected rainfall,

Table 1 shows the calculated values of B, and
B, of both the original frequency distribution
and that of the transformed one. In general, mos:
of the transformed data show less skewed than
the original data. An example of skewnass corrac-
tion using Bartlett’s tranformation for the fro-
quency distribution of rainfall for Kuala Lipis
is shown in Fig. 2(a) and Fig. 2(b). However,
there exists a number of occasions where the
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Fig. 1. Location of lations in Peninsular Malaysia
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Fig. 2(a). Frequency histogram of July rainfall
for Kualu Lipis, 1808.1965
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Tig. 2(b). Frequency histogram of transformed July
rainfall for Kuala Lipis, 1898-1965

original data were found to be more normally
distributed when compared with the transformed
data. In particular several of the original mont hly
rainfall series of Malacca Aerodrome were found to
be approximately normally distributed but, on
transformat ‘on have become non-normal. In such
cases, the confidence limits of expected monthly
rainfall were caleulated based on the original datae

The observed deviations were obtained by
counting the total number of occasions of rainfall
values which fall outside the confidence limits.
The expected deviations are taken as NJ/10,
where N is the sample size. The total observed
deviations and the total expected deviations
were shown in Table 2. The percentage of depar-
tures of total observed deviations from the ex-
pected deviations were computed for both the
original and the transformed series. The difference
gives the percentage of improvement. The
results show that there are some improvement
towards the theoretical expected value. Table 3
summarises the 90 per cent confidence limits of
expected monthly rainfall together with the mean
monthly rainfall.

Tests for normality of rainfall series using
Chi-square test were performed on a number of
rainfall samples (see Table 4). For values of
B, and B, approximately equalto 0and 3 res-
pectively, Chi-square test indicates that the
rainfall series are normally distributed at 5 per cent
significant level.

On the other hand, for values of B, and B,
which differ appreciably from 0 and 3, Chi-square
test shows otherwise. This means that caution
must be exercised when using confidence limits
of expected rainfall in the case of less normally
distributed series as indicated by the B, and
B, values,

4, Discussion

It is known that most rainfall in Peninsular
Malaysia originates from convective storms. As
a result, average, whether for short intervals of
time such as months and seasons or longer periods
such as years are poor guides to expectation. The
confidence limits with specified probability level,
on the contrary, can give a fairly accurate picture
of expected monthly rainfall. Maximum and
minimum expected rainfall can be used by agri-
culturists to advantage. Depending on the t)_rp.e
of crops, estimates can he ohtain'ed for the mini-
mum rainfall requirement for satisfactory growth.
Thus confidence limits could enable one to work
out the minimum rainfall requirement for a parti-
cular erop with minimum risk,
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TABLE 1
Values of coefficlent of skewness
Original  Transformed Original Transformed Original Transformed  Original  Transformed
data data data data data data data
Value of Value of Value of Value of Value of Value of Value of Value of
— N e Ay N s Ay A ——A—
g O B B, B, B, B, B, 1B B R BB, B
Pekan Alor Star Kuala Kubu Baru Jelebu
Jan 68 341 00 2-69 53 295 04 213 1-38 490 11 2-87 -39 208 -0 261
Feb 352 822 -30 349 19 1-92 00 166 04 2-40 09 245 1.4l 522 .20 3.15
Mar 97 356 08 2-38 59 356 00 276 1-01 497 03 3-33 04 359 -20 2-60
Apr 1564 568 -03 4-02 62 3+52 01 321 06 347 411 3-28 76 407 02 340
May 34 3:20 00 276 43 290 -06 2-54 -11 2-73 02 21 36 3:16 .02 2.78
Jun 38 3-03 00 3-03 140 4-84 -36 348 -08 247 04 231 1:56 445 43 315
Jul 137 529 156 3-51 148 4-66 -28 3-25 -68 3-14 09 2-61 07 457 04 3-19
Aug 03 248 <13 289 20 2583 02 266 143 4-99 38 3:24 2.01 728 11 3-80
Sep 50 342 00 337 56 647 10 4-22 16 248 01 233 028 2:80 00 2-50
Oot 61 480 02 3-52 60 597 37 425 23 324 00 270 37 289 .05 2.34
Nov 35 360 23 5-.18* 11 327 1:94 687 97 371 27 3403 32 335 00 2.96
Dec 59 2:88 00 282 a5 507 024 285 44 290 02 234 203 583 .20 3.62
Kota Baru Aerodrome Kuala Lipis Batu Gajah Kuala Selangor
Jan 7-6511-22 2:20 551 88 3-66 06 312 35 275 02 241 03 297 37 3.90¢
Feb 97 277 34 2:17 1.30 467 15 321 01 223 28 821 53 270 .08 2.95
Mar 278 6:38 51 3-03 10 214 00 1-85* 40 3:23 00 2:69 43 3.00 .00 2.95
Apr 255 535 6l 3-35 06 256 06 260 08 277 00 255 44 392 .14 3.8
May 00 181 71 210 07 295 03 265 168 6:22 23 3.84 -.38 292 .00 2.53
Jun 20 272 00 242 72 350 03 306 35 324 04 3.03 80 3-83 .01 3.5
Jul 45 2-92 60 2.49* .83 4.42 .00 3-01 1-89 5-32 -39 311 92 4.27 .03 3.01
Aug 25 290 00 255 57 571 16 341 55 303 08 2:38* 19 2.70 .03 2.59
- Sep 68 326 ‘16 2-70 17 2904 01 281 -35 342 00 279 13 3:18 .14 3.98*
O 62 344 08 2-69 29 250 03 2 -g.’_‘i -12 2-93 01 2-68 21 297 .12 4.04*
Nov <11 266 41 4:28* 45 3.58 -07 308 50 340 07 274 81 469 .03 4.30
Do 05 2-57 42 3-46* 90 492 08 3-24 27 3:18 00 261 03 278 .30 3.41*
Kangar Taiping Malacea Aerodrome Kuala Trengganu Aerodrome
Jan 1-06 3-41 24 2.23 07 3-38 65 5-72* 04 191 08 195 671 10-12 2.35 5.29
Feb 85 280 19 2-16 .74 357 12 270 1:20 388 08 258 503 9-18 1.19 4.99
Mar 158 390 37 2.87 4 2.96 01 308 19 297 15 267* 164 504 .09 2.79
Apr 82 497 03 3-30 <14 3-38 -02 3-65 -00 3-30 81 3-59* 4:30 8:13 .87 4-10
May 42 348 00 343 59 385 04 293 03 282 100 3-50* 43 3.35 .0 2.78
Jun 04 3-08 18 3 -66% 61 335 03 2-67 03 2-73 65 3-34% -20 295 02 2.3
Jul 175 502 87 357 61 268 -1 221 00 2-50 76 3-36* 81 348 .11 9.88
Aug 015 2:59 00 238 93 352 26 2.77 02 289 79 3.97* 40 2.90 . 2.2
S\‘li 47 3-86 00 3-39 02 2-220 10 252 02 264 1-07 3-85* 01 200 .08 2.23
Oct 23 2:256 06 307 51 4.8 .01 331 01 278 1-16 4.00* 282 556 1.15 4.02
Nov 04 304 18 3-19* 11 2.50 00 232 06 380 104 448° 27 3.1 .00 2.3
Dec 119 363 13 275 48 376 03 298 20 392 48 366 63 3.03 .02 .79
Selama Tapah Tanglin
Jan 40 325 00 270 16 348 35 5- g7 348 00 267
Feh 2+06 568 .32 3-73 b4 3 -86 00 3- -36 277 00 2-59
Mar 12 309 056 3-:20 73 3-38 19| 2+ 06 291 04 3-00
Apr 95 b5-72 183 412 113 255 00 227 20 341 00 2-85
May 20 284 00 . 2-683 61 359 04 3-14 31 290 .01 3-:16
Jun 143 451 44 3:10 ‘65 3 .63 01 2.72 -32 3793 02 2-87
Jul 141 4-82 06 320 83 3-21 .12 2.53. -36 648 00 3-69
Aung 1475 6-82 16 385 1-29 425 19 3:04 -26 278 00 2-50
Sep 50 279 07 2-38 38 3-14 00 272 2-80 901 +33 4-63
Oct 14 291 00 278 06 225 00 2-23 0-31 317 00 3-03
Nov 100 3-46 .38 274 22 3:02 00 2-54 22 2:56 00 240
Dec 1431 488 -19 333 37 3-72 00 3-29 .16 2-62 00 2-56

*Original data show closer to normal distribution
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TABLE 2
Comparison of observed deviations from expected deviations
Observed deviations Observed deviation Olserved deviation O served deviation  Observed deviation
from limita from limits from limits from Iimits from jimits
P Al —_— A e ——t——  — o — A ——
Original  Trans- Orizinal  Trans Original  Trans- Original  Trans Original  Trans.
data frrmed data formed data forme:d data formed data formed
data data data daia data
Pekan Alor Star Kuala Kubu Jelebu Kota Taru
Baru Aerodrome
Jan 5 8 5 4 5 6 6 3 2 2
Fb 3 6 5 1 5 5 4 7 4 3
Mar 4 7 4 G G 8 5 5 2 2
Apr 8 9 7 7 6 5 6 5 4 5
May 6 9 6 6 6 8 6 5 5 2
Jun 7 7 2 4 4 7 5 2 4 6
Jul 4 7 4 G 6 6 7 8 4 4%
Aug 9 8 6 7 4 G 3 6 2 5
Sep 6 S 4 6 7 8 6 9 3 4
Oct 7 6 4 5 6 8 5 6 3 5
Nov 5 5* 2 4 7 9 9 9 3 3*
Dee G 6 3 51 4 8 G G G*
Total observed
deviation 70 80 52 61 66 84 65 83 42 47
Expected devia-
tion 792 792 61 -2 61 -2 85-2 85 -2 80 -4 80 -4 48 48
Percentage of
improvement 30 14 -7 210 15-9 145
Kuala Lipis Batu Gajah Kuala Selangor Kangar Taiping
Jan [ 7 7 10 [ 6* 4 3 9 9*
Feb 4 6 8 6 7 7 7 b A 6
Mar 2 2% 7 8 9 8 6 7 7 8
Apr 5 6 7 9 9 8 2 4 7 6
May 4 6 8 9 7 8 4 5 6 8
Jun 6 7 8 10 7 9 8 8% 4 6
Jul 4 7 6 7 6 6 4 7 6 6
Aug 3 5 6 6* 5 6 b 6 6 8
Sep 7 7 7 7 6 6* 5 6 4 9
Oct 5 7 6 0 8 B* 5 5 4 7
Nov 6 7 6 8 7 8 7 ™ 6 6
Dec 2 5 [ 9 6 6* 6 8 4 8
Total Observed
deviation 53 72 82 98 83 86 63 71 68 87
Expected devia«
tion 708 708 812 91 -3 012 01 .2 67 -2 67 -2 88.8 88 -8
Percentage  of
improvement 23 4 16 3-3 06 214
Selama Tapah Tanglin Malacea Kuala Trenggany
Aerodrome Aerodrome
Jan fi 7 5 5* 8 3 4 3 3
Feh il G G 6 9 11 4 d 3 3
Mar i 8 G 8 7 G 2 2% 2 2
Apr 6 6 5 (i} 0 ¥ 7 7id 3 5
May 4 8 10 11 8 8 6 6* 3 5
Jun 4 it 5 8 7 6 7 T* 4 6
Jul 3 7 (i 10 h ] 6 6* 5 4
Aug 2 0 5 8 6 7 9 g* 4 3
Sep 5 6 7 9 5 9 6 6% 4 3
Oct 6 G 8 9 7 7 6 6% 3 3
Nov 5 6 6 6 10 7 7 T* 3 5
Dee 3 7 9 10 8 7 7 ™ 5 5
Total observed
deviation 59 78 78 97 83 02 70 68 42 47
Expected devia-
tions 732 732 91-2 91 -2 100 -8 100 -8 56 -2 55 -2 50 -4 60 -4
Percentage of
improvement 12-8 8-1 89 36 9.9

*Observed deviations obtained from original data
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TABLE 3
Confidence limits for 90 per cent probability
(All units in mm)
Confidence Confidence Confidence Confidence
Mean interval Mean interval Mean interval Mean interval
= ey e ——— = =
Upper Lower Upper Lower Upper Lower Upper Lower
Pekan Alor Star Kuala Kubu Baru Jelebu

Jan 4323 472 69-1 551 133.6 00 1671 368-3 236 1206  238.0 30.2
Feb 2596 64817 97 -559 14640 00 1316 2522 259* 927 1857 21.1
Mar 2324 548 -6 91-1 148 -6 312 -9 274 2306 433 -8 721 166 -9 304 -5 559
Apr 1867 3634 51-3 2139 3929 655 2969 4904 1339 1763 3149 65.0
May 166-6 3012 577 252.2 429-0 107-2 2707 463-2 11856 145-3 244-3= ¢3.0
Jun 124 -2 2291 409 199 -6 339 -3 846 182 -6 350 -2 52-8 85-9 170 -7 30 -2
Jul 1219 2271 38 -3 2139 408 -1 63 2 167 2 304 0 437 80 -3 160 -3 185
Aug 146-5 2624 53-3 2644 440-1 1180 2042 3601 785 932 1885 20.3
Sep 169.0 320-3 513 3093 5205 129-8 243-8 3806 1200 1176 2179 a7.8
Oct 267 -2 43456 1273 325-3 5062 1714 3942 638-1 1905 184 -1 318 -5 744
Nov 3853 6424 131-8% 2209 428 -5 T4 -4 34749 5826 1549 196-3 320 -8 919
Dec 609-3 12837 1224 105 -7 251 7 5.1 2321 458 4 60 -5 198 -9 396 5 49 -5

Kota Baru Malacca Aeroirome Kuala Trengganu Selama

Aerodrome Aerodrome
Jan 2133 604 -4 0-0 91 -9 223 -5 20 232 -1 633 -1 0-0 221 -0 448 -0 51-1
Feb 343 205 -5 0-0 86 -1 215 -6 0-0 118 4 310 -6 0-0 225 -5 443 -7 59 7
Mar 1034 276-1 0-0 146-5 2994 0-0* 146-8 356-1 . 6-1 3396 5623 155-2
Apr 102 -9 2504 2.8 158 -2 206 -9 19-0¢ 1298 3228 23 442 -7 654 -3 258 -8
May 126 -2 261 -9 249 162 -0 300 -9 23.1* 108-7 2126 284 316 -5 537 -1 135 -6
Jun 1399  253-7 488 1702 3251 14-9* 1140 2179 32.5 1869 340-3 65 0
Jul 1463 253 -1 38 -6 178 -8 336 -3 2141* 117-3 2210 356 187 -9 400 -8 330
Aug 162 -8 285 -2 63 -5 169 -7 3149 24-1* 1499 2756 500 236 -7 426 -4 853
Sep 195 6 333 5 825 201 4 269 -8 32.8% 1788 3205 653 326 4 603 -4 109 .2
Oct 304 -8 639-7 116-3 2222 407 -2 37.3* 290-5 5605 841 489 -7 789 -9 238 -2
Nov 468-7 1143-2 154-2* 2039 373 -6 340* 655-6 1183-9 238-0 424 -1 7290 4302
Dee 580-6 10653 95-7% 1570 3383 254 6042 1216-9 149-1 284 -5 5224 96 -8

Tapah Tanglin Batu Gajah Kuala Selangor

Jan 299 4 4804 116-6* 165-3 3246 434 2029 3677 719 181 6 308 -8 55 -1%
Feb 245-1 432 0 M5 160 -5 3210 35-9 165 -9 3063 546 120-9 267 -2 155
Mar 346 -2 573-2 158 2 231-4 3634 119-1 231 -6 418-3 83 133 -3 2735 282
Apr 4023 | 624-8 2126 268 -2 4264 134 6 2700 4170 144-3 166 -6 330 -6 371
May 324-8 54846 1410 207-5 3840 686 225-0 3771 800 1255 2601 24.6
Jun 196 3 3937 06 -2 126 -5 243 -3 356 127+5 2508 277 97 -3 208 -0 15-2
Jul 1709 355 -1 134 -3 112 -8 2357 1211 1110 24156 160 90 -9 1891 16 -8
Aug 228 -3 454 -1 579 162 -3 297 -1 561 164 -0 2977 15-6* 112-3 2321 22-3
Sep 270-2 4853 085 1859 3355 66-5 1882 3434 650 149-6  263.] 35 -0%
Oct 418-5 6869 1958  286-0 79-5 1265 2026 485-8 132-8 2288 385.3 70 -9*
Nov 4117 7188 1641 262 -5 4480 111-5 £97 4 486-9 1394 245 -1 45541 80 -3
Dec 3439 5917 1425 241 -8 424 4 94 -5 2499 4239 107-2 2169 3751 58 4%

Kangar Taiping Kuala Lipis
Jan 414 1113 0-0 3204 527-3 132.6* 2255 4312 668
Feb 452  119-1 00 306-0 548-3 1117 126-2 240-1 31.7
Mar 1242 283-7 119 436:3 691-9 221-0 168-1 514-1 00-0*
Apr 1785 3190  65-5 4978 744.7 2845 210-8 3746 700
May 196 -3 321 -5 917 3332 5745 1374 232-7 393-1 100-6
Jun 170 -9 268 -7 72.6% 182-4 3545 50 -0 1722 3236 536
Jul 195 -3 3066 -5 61 -5 187 -4 392 -9 36 -6 139-7 2808 279
Aug 2116 3446 1509 244 -6 434 -8 91-7 1791 3479 490
Bep 2773 45441 130 -0 307 -6 556-9 110-0 2156 3667 914
Oct 266 -0 4257 1328 5209 8420 252.7 2883 4970 1186
Nov 224 .8 368 -3 81-0* 4650 7386 2347 299 -7 4500 169 -4
Dec 874  205.2 48 3728 6106 175-3 269-0 4612 1123

*Original data were used to caleulate the confidence limits
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TABLE 4
Chi-square test for normality of some selected
rainfall samples
i Chi-square test
Station Month B, By, ——mmm—
Degrees Caleu-
of lated
freedom x*
Tanglin Oct: 00 303 4 7-18*
Kuala Treng-
ganu Jan 235 529 | 1470
Kuala Lipis Jul 00 301 5 1-3%
Kuala Selangor  Apr ‘14 366 b 14 21
Pekan Aug 13 2-89 2 3 -50%*

*Indicates not significant at 59, confidence level (i.c., they
are normally distributed)

Examples of the use of confidence limifs of ex-
pected rainfall to certain tropical erops has been-
reported by Manning (1960). In Peninsular
Malaysia, theselimits, in particular, the minimum
limit, can be used for deciding the time of planting
rubber or oil palm seedlings. If the mininum
rainfall requirement is known, then it becomes
possible to obtaina90 per cent chance of receiv-
ing at least this amount of rainfall with a 1:9
risk factor. A further example of the use of the
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confidence limits can be seen in the case of
sugarcane which generally requires a relatively
'ong dry period prior to harvesting. Table 3 in-
dicates that the upper limits of rainfallin Alor
Star and Kangar for the months of January and
February are comparatively low. This snggests
that Alor Star and Kangar are ralatively dry
during these two months and therefore could be
suitable for sugarcane cultivation.

5. Concluding remarks

This paper clearly demonstrates that with suit-
able transformation, rainfall data can be adjusted
to approximotely normal, enabling more mean-
ingful calculationsof means, standard deviations,
upper limits and lower limits of expected monthly
rainfall. With more evenly spaced stations through-
out Peninsular Malaysia included in the analy-
sis, it is possible to demarcate zones for different
agricuitural ventures based on these confidence
limits as implied in the discussion.
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