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Mapping the river drought-indices in west Sumatra
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Abstract. The smallest magnitudes from a series of daily average-streamflows every month are
selected to form a new series of data called a series of monthly minima from daily average-
streamflows or then just simply called the monthly minimum-streamflows. The present study uses
these monthly minimum-streamflows to determine a drought index in terms of duration and deficit
streamflows of successive drought in every watershed in West Sumatra Province. Both terms of
drought index are determined by using the theory of runs with a 5-year average-period. So far, we
successfully collect series of the daily average-streamflows for 19 watersheds with a minimum length
of 20 years. The resulting indices are then mapped using the geographical information system ArcGIS.
The drought indices are expressed in 4 levels of drought: normal (green), mild (blue), moderate
(yellow) and severe (red). The study results show that the river or watershed with the longest drought-
duration is Batang Anai, i.e. 33 months (severe level), with a cumulative deficit-streamflows of 143.26
m?/s. The river with the shortest drought-duration is Batang Siat, i.e. 11 months (mild level), with a
cumulative deficit-streamflows of 44.64 m3/s. The average drought-duration for all corresponding
rivers is 20 months (mild level) with a cumulative deficit-streamflows of 131.57 m%/s.

1 Introduction meteorology, soil moisture, hydrology, remote sensing,
and composite or modelled. In the classification of
Drought is one type of natural disaster that occurs in the hydrology, there are Standardised Streamflow Index

dry season. Drought is a lack of rainfall than usual or a (SSFI), Streamflow Drought Index (SDI), Surface Water
normal state, which occurs prolonged that could be along Supply Index (SWSI), Aggregate Dryness Index (ADI)

one session or more. As a result, a river in that watershed and Standardised Snowmelt and Rain Index (SSRI) that
is unable to meet the water demand [1]. The longer dry are using streamflow data as input parameters [2].
season, the longer drought will be. These erratic natural However, the theory of runs, one of the popular drought
events make it difficult to predict when and how long the index [3-8], is not listed by WMO & GWP.
drought happen. One way to anticipate the drought effects In the run theory, the drought in a watershed is when
in a watershed is to determine its drought index. a minimum streamflow in a certain month being smaller
In 2004, the Indonesian Public Work Department than the average of minimum streamflows of the
defined that a drought index is a single value to describe corresponding month for the certain period. In the present
the severity of drought, in the forms of the longest study, we determine the river drought-indices in West
drought-duration and the largest amount of droughts with Sumatra Province (Fig. 1) using the theory of runs. We
a certain average-period. The resulting drought-indices successfully collect series of the daily average-
(drought duration and amount) then can be applied: in the streamflows for 19 watersheds with a minimum length of
plan stage such as determining a reservoir capacity; in the 20 years. The resulting indices are then mapped using the
operation stage such as irrigating in the dry season; and in geographical information system ArcGIS.

the mitigation and reduction of the drought effects [1].

In 2016, World Meteorological Organization (WMO)
and Global Water Partnership (GWP) listed some the
most commonly used drought indicators/indices that are
being applied across drought-prone regions, with the goal
of advancing monitoring, early warning and information
delivery systems in support of risk-based drought
management policies and preparedness plans. The WMO
is a specialised agency in the United Nations for the state
and behaviour of the earth’s atmosphere, its interaction
with the land and oceans, weather and climate. The Fig. 1. Location of West Sumatra (red) in Indonesia [9].
indicators and indices listed are categorised by the type
and ease of use, and grouped into the classifications of:
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2 Methodology

We collect series of the daily average-streamflows for 19
watersheds. The smallest magnitudes from each series
every month are selected to form a new series of data
called a series of monthly minima from daily average-
streamflows or then just simply called the monthly
minimum-streamflows Q,, , in which Q indicates monthly
minimum-streamflow, m indicates the certain month, and
t indicates the certain year. In the run theory, the length
of data must be a multiple of 5 years. Now, the monthly
minimum-streamflows Q,, . are sorted out by year, from
the earliest year to the recent year. The arithmetic average
of Q. for every month m along n year is Q,, and is
determined by

QO = =201 Qe (1)

If we have a series of data for 20-year long from year 1992
to 2012, set n = 20,t = 1 for year 1992 and t = 20 for
year 2012, m = 1 for month January and m = 12 for
month December. For example, please consider Batang
Palangki streamflows in Table 1. The arithmetic average
of @, ¢ for month January is

1 1
Q=15 2101 = 20 (Qua+Quz+++ Qu20)
Q) = %(29.4 +26.1 + -+ 25.5) = 23.12

So, the average streamflow in January for 20 years is
23.12 m%/s. The average streamflows for other months can
be seen in Table 1.

Table 1. The monthly minimum-streamflows @, , of Batang

and in January 1996 Q,,; = Q5 is 14.40 m*/s. It means
that Batang Palangki surplus 6.28 m’s (i.e. Dy; =
29.40 — 23.12) in January 1992 and deficit 8.72 m*/s (i.e.
D; 5 = 14.40 — 23.12) in January 1996. Both surplus and
deficit values are called as run values. The plus sign

indicates surplus and negative one indicates deficit (Table
2).

Table 2. The surplus and deficit streamflows Du, or the run
values of Batang Palangki.

Month (m)

Year Jan___Fob  Mar__Apr __May _ Jun__ Jul __Aug S Oat__ Nov__ Dec

' T 2 3 Z 5 6 7 8 9 10 11 12

1992 =1 6.28 2.42 2.45 -0.11 4.34 -3.40 -1.46 -6.36  -10.66 -9.66  -10.08 12.75
1993 = 2 298 -4.18 -2.65  -12.48 -6.16 -8.64 -4.16 -5.39 -9.70 -3.42 14.12 -8.95
1994 = 3 -5.82 -2.98 -2.95 -4.11 -0.26 -4.40 -6.46 -7.98 -10.30 -11.52 -1528 -15.15
1995 = 4 3.78 -4.08 5.55 7.99 0.74 3.30 0.44 1.32 -2.50 -2.82 -1298 -12.45
1996 = 5 872 348 415 799 096 510 286 -198 370 522 -11.08_-10.95
1997=6  -1142 -13.26 -13.23 991 836 945 667 705 988 -12.00 -1636 -14.6]
1998 = 7 5.98 -3.48  -10.05 -9.91 -6.26 -4.50 -4.76 -2.28 9.00 -5.52  -1278  -14.19
1999 = 8 -12.92  -10.08 -12.18 -16.87 -12.62 -7.56 -8.56 -7.68 -7.15 -4.02 -6.58 -9.75
2000= 9 228 298 795 -1331 -1367 861 793 -537 904 -1090 -1466 855
2000= 10 -1022 558 -1134 -1288  -5.96  -630 -585 _ -663 -1009 -11.79 -1594 -16.50
2002= 11 -13.16 -7.38 -7.65 5.79 0.84 -5.10 -4.56 -2.88 -3.40 -1.32 -3.88 5.45
2004 = 12 -8.85 -2.26 -8.77 -2.61 1.17 -7.88 -6.24 -7.43 -9.77  -10.41 9.95 1.79
2005= 13 13.63 1.78 8.84 -0.15 13.26 2.51 0.57 3.35 -3.00 -1.77 0.81 -0.81
2006 = 14 064 1499 1750 1257 1472 796 209 695 948 736 851 3021
2007= 15 3999 4283 2582 2172 1136 2268 1122 948 601 _ 825 1640 _ 587
2008 = 16 -3.51 -1.87 -1.83 -0.15 -5.43 13.38 15.79 18.56 41.49 38.21 21.62 13.60
2009 = 17 16.66 17.97 18.00 19.63 18.70 18.17 23.10 20.50 22.36 18.73 28.16 23.54
2010= 18 -0.52  -12.01 8.15 20.59 -3.66 -4.40 6.54 4.72 10.60 1.58 -0.78 0.05
2001= 19 -1978 -1464 -1522 -1626 -1090 -11.14 -1141 -11.52 -1450 -17.13 -1828 -1934
2012= 20 268 832 335 249 004 1850 1114772 480 3338 3912 3795

All the values of surplus streamflow in Table 2 are
replaced by zero as indicators, however the values of a
deficit streamflow are replaced by the indicator in
previous month plus 1. The resulting indicators in the
deficit months indicate the duration of consecutive
drought L, up to the months (Table 3). As shown in Table
3 that the longest consecutive drought L; ,,,,, in the certain
period is shown by the biggest indicator number in the
corresponding period. The Batang Palangki experienced
the drought duration for 18.5 consecutive months in 5-
year average-period.

Palangki.
- Table 3. The drought duration L, of Batang Palangki.
onth (m)
Year Jan___Fob  Mar___Apr__May _ Jun__ Jul __Aug__ Sp__ Ot Nov__ Dec
' T 2 3 7 5 6 7 3 9 10 Tl 12 Month(m) B
1992= 1 2040 2270 2270 2200 24401370 1370 792 624 _ 936 1330 3690 Vear Jn _ Fob _ Mar__Apr _May _ Jun _ Ju___Aug _ Sep Ot Nov _ Dec
1993=2 2610 1610 1760 973 1390 846 11.00 889 720 1560 3750 1520 ' 1 2 3 3 5 6 7 B 9 101 i e
1994=3 1730 1730 1730 1800 1980 1270 870 630 _ 660 _ 750 _ 810 _ 9.00 1992 = 1 0 0 0 T 0 1 2 3 ) 5 3 0
1995= 4 2690 1620 2580 3020 2080 2040 1560 1560 1440 1620 1040 11.70 1993 =2 0 1 2 3 4 5 6 7 8 9 0 1
1996 =5 1440 1680 2440 3020 190 1200 1230 1230 1320 1380 1230 1320 1994=3 2 3 4 S 6 7 8 9 10 11 12 13 B
1997 =6 170 702 702 1230 1170 765 849 723 702 702 702 954 1995 =4 0 i 0 0 0 0 0 0 ! 2 9 g
1998=7 2910 1680 1020 1230 1380 1260 1040 1200 2590 1350 1060 _ 996 1996= 5 5| g 0 0 L 2 g 4 g g o B
1999 = 8 1020 1020 807 534 744 954 660 660 975 1500 1680 1440 e 2 “l' '; '; ‘3 ': I: "7‘ u ": “2' zg
2000= 9 2540 1730 1230 890 _ 639 849 723 891 786 812 872 1560 559 =% a 5 Z = o T T 5
2000=10 1290 1470 891 933 1410 1080 933 765 681 723 744 765 3000=9 o 3 5 3 a 5 5 - 3 IS TR
2002= 11 996 1290 12.60 2800 2090 1200 1060 1140 1350 1770 1950 _ 29.60 2001=10 R - B I T
2004= 12 1427 18021148 1961 2124 922 892 686 714 861 3333 2594 3002= 11 24 25 26 0 0 T 2 3 T B G o
2005- 13 3675 2207 2909 2207 3333 1961 1573 1763 1391 1725 2419 2333 2004- 12 1 2 3 3 0 1 2 3 4 5 0 0
2006= 14 2376 3527 3775 3478 3478 2506 1725 2124 2638 2638 3189 5436 2005= 13 0 0 0 1 0 0 0 0 1 P 0 1 26
2007= 15 6311 6311 4607 4394 3142 3978 2638 2376 2291 2727 3978 3002 2006= 14 0 0 0 0 0 0 0 0 0 0 0 0
2008 = 16 19.61 1841 1841 2207 1463 3048 3095 3285 5839 5723 4500 3775 2007 = 15 0 0 0 0 0 0 0 0 0 0 0 0
2000= 17 3978 3825 3825 4184 3876 3527 3825 3478 3927 37.75 5155 47.69 2008 = 16 U z B 4 3 0 0 0 0 0 0 0
2010= 18 2260 827 2840 4280 1640 1270 2170 1900 2750 2060 2260 _ 24.20 2009= 17 0 0 0 0 0 0 0 0 0 0 0 0
201119 334 564 503 595 916 59 375 276 240 18 510 _ 481 2010= 18 1 2 0 0 ! 2 0 0 0 0 1 0 12
2012=20 2580 2860 _23.60 2470 2920 3560 2630 2200 2170 5240 6250 _62.10 01=19 g 2 3 4 5 g Z 8 D_f0___EL__
- - - - - - - - - - - - 2012= 20 0 0 0 0 0 0 0 0 0 0 0 0
n_ 20 20 20 20 20 20 20 20 20 20 20 20 Average Drought Duration (months) = 185

Sum 46238 405.67 405.00 44425 401.24 34202 303.18 285.67 338.07 38041 467.61 48295
Ave, O, 2312 2028 2025 2221 20.06 17.10 15.16 14.28 16.90 19.02 2338 2415

Surplus and deficit streamflows D,, . are determined
using formula

Dt = Qme — Qm (2)

For example, the arithmetic average of Batang Palangki
streamflows for month January Q,, = Q; along 20-year
period is 23.12 m’/s and the monthly minimum-
streamflows in January 1992 Q,, = Q11 is 29.40 m’/s

The sum of deficit streamflows is determined by
summing up all consecutive deficit streamflows. For
example, deficit flows in June 1992 is 3.40 m%/s, in July
is 1.46 m%/s, in August is 6.36 m’/s (see Table 2), and so
the cumulative deficit flows up to August 1992 are 3.40 +
1.46 + 6.36 = 11.2 m®/s (see Table 4). As shown in
Table 4 that the Batang Palangki experienced the most
severe drought for 187.2 m%/s in 5-year average-period.
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Table 4. The cumulative drought (m3/s).

Month (m)

Year Jan Feb  Mar _ Apr _ May Jun Jul Aug  Sep Oct__ Nov. Dec (mi";:;
' 1 2 3 4 5 6 7 3 9 10 11 12
1992 =1 0.00 0.00 0.00 -0.11 0.00 -3.40 -4.86 -11.22  -21.89 -31.55 -41.63 0.00
1993= 2 000 418 683 -1932 2548 3412 -3828 -43.67 -53.38 -5680 000 895
1994=3 1477 -17.75 2070 2481 2507 2947 3593 4392 5422 -65.74 8102 9617 9617
1995 = 4 0.00 -4.08 0.00 0.00 0.00 0.00 0.00 0.00 -2.50 -532  -18.30 -30.75
1996= 5 3947 4295 000 000 096 606 892 -1091 -14.61 -19.83 -30.91 -41.86
1997 = 6 -53.28  -66.54 -79.77 -89.68 -98.04 -107.50 -114.16 -121.22 -131.10 -143.10 -159.46 -174.07
1998 = 7 000 -348 -1353 2345 2971 3421 -3897 4125 000 -552 -1830 -32.49
1999=8§ 4541 5549 67.67 8454 -97.17 -104.73 -11329 -120.97 -128.12 -132.14 -138.72 -14847 222.06
2000=9 0.00 -298  -10.93 2425 -37.92 -46.53 -54.46 -59.83 -68.88 -79.78 -94.44 -102.98
2001= 1011320 -118.79 -130.13 -143.01 -148.97 -15527 -161.10 -167.73 -177.83 -189.62 -205.56 -222.06
2002= 1123522 24260 25025 000 000 510 -9.66 -1254 -1595 -17.27 2115 0.0
2004 = 12 -8.85 -1L.11  -19.88 -22.48 0.00 -7.88  -14.12  -21.55 -31.31  4L72 0.00 0.00
2005= 13 0.00 0.00 0.00 -0.15 0.00 0.00 0.00 0.00 -3.00 -4.11 0.00 -0.81 250.25
2006= 14 000 000 000 000 000 000 000 000 000 000 000 000
2007 = 15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2008 = 16 -3.51 -5.38 -7.22 -7.36  -12.79 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2009= 17 000 000 000 000 000 000 000 000 000 000 000 000
2010= 18 -0.52  -12.53 0.00 0.00 -3.66 -8.06 0.00 0.00 0.00 0.00 -0.78 0.00 180.13
2011=19 1978 3442 49.64 6590 -76.81 8795 99.36 -110.88 -125.38 -142.51 -160.80 -180.13
2012= 20 000 000 000 000 000 000 000 000 000 000 _ 000 _ 0.00
Average Cumulative Drought (m'/s)= 1872

3 Results and Discussions

Drought indices for other rivers are determined as done
for Batang Palangki. They are expressed in terms of the
duration of consecutive drought and in terms of the deficit
streamflows of successive drought for a 5-year average-
period. The summary can be seen in Table 5. From the
table can be seen that Batang Anai experienced the
longest drought-duration i.e. for 33 consecutive months in
S-year average-period, and Batang Siat experienced the
shortest drought-duration, i.e. for 11 consecutive months
in 5-year average-period. Even though Batang Hari
experienced drought for only 16 consecutive months, this
watershed experienced deficit flow of 972.19 m’/s
compared to Batang Anai with deficit flow of 143.26 m>/s
for 33 months. Batang Kalulutan experienced drought
longer than Batang Kiat, however Batang Kalulutan
experienced the smallest deficit flow i.e. 12.99 m*/s with
22 consecutive months compared to Batang Kiat is 44.64
m?3/s with 11 consecutive months.

Table 5. The recapitulation of the duration of consecutive
drought (month) and the deficit streamflows of consecutive
drought (m?/s).

The duration of censecutive The deficit streamflows of

No  Watershed drought consecutive drought
L, (months) Level D, (m’/s) Level
1 Batang Anai 33 143.26
2 Batang Selo 30 49.53
3 Batang Ombilin 30 302.18
4 Batang Lampasi 28 22.99
5 Batang Sumani 25 105.60
6 Batang Sinamar 23 179.77
7 Batang Kalulutan 22 12.99
8 Batang Naras 22 34.20
9 Batang Palangki 19 185.71
10 Batang Masang 18 129.99
11 Batang Agam 17
12 Batang Hari 16
13 Batang Kenaikan 14
14 Batang M angau 14
15 Batang Sukam 14
16  Batang Tongar 13
17  Batang Lembang 13
18 Batang Air Dingin 12
19  Batang Siat 11
Maxima 33
Minima 12
Average” 20

To map all the river drought-indices considered in the
present study, the indices should be expressed in terms of
drought level. So far, however we couldn’t find any
reference saying what the criteria of the drought level are.

The criteria should have relation to both the duration and
deficit streamflows of consecutive drought. Based on
Table 5, however, we can propose that the drought level
in terms of duration of consecutive drought as follow:
normal level (green) for 0 to 2 months; mild level (blue)
for 3 to 12 months; moderate level (yellow) for 13 to 24
months; and severe level (red) for 25 months or longer.
The indices of 19 watersheds are then mapped using
ArcGIS as shown in Fig. 2. From the figure can be seen
that there are 5 watersheds, i.e. Batang Anai, Batang Selo,
Batang Ombilin, Batang Lampasi and Batang Sumani,
which are at severe level and coloured as red. The drought
indices in terms of deficit streamflows should follow
those in terms of duration. Due to the variation in sizes of
watershed, however, a watershed with a longer drought-
duration is not always to be that with a biggest deficit-
flow. Consequently, we propose the drought level in terms
of deficit streamflows of consecutive drought as follow:
normal level (green) for 0 to 5 m%/s; mild level (blue) for
6 to 100 m*/s; moderate level (yellow) for 101 to 200 m%/s;
and severe level (red) for 201 m?/s or larger as shown in
Fig. 3. This figure shows that there are only 2 watersheds
at severe level, i.e. Batang Hari and Batang Ombilin.

4 Conclusions

The present study successfully maps the river drought-
indices in West Sumatra in terms of duration and deficit
streamflows of successive drought. The corresponding
results show that the river or watershed with the longest
drought-duration is Batang Anai, i.e. 33 months (at severe
level), with a cumulative deficit-streamflows of 143.26
m3/s. The river with the shortest drought-duration is
Batang Siat, ie. 11 months (at mild level), with a
cumulative deficit-streamflows of 44.64 m’/s. The
average drought-duration for all corresponding rivers is
20 months (at mild level) with a cumulative deficit-
streamflows of 131.57 m3/s.
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Fig. 2. River drought-indices in terms of duration of consecutive drought.
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Fig. 3. River drought-indices in terms of deficit streamflows of consecutive drought.



