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Abstract. This study intended to investigate the effect of climate change on the drought index in Bangga
Watershed. The investigation was carried out by comparing water deficit and potential
evapotranspiration. Water deficit was analyzed due to water balance by using MockWyn-UB model
which was as the development of FJ Mock model. The scenario on the effect of climate change was based
on the results of detection and projection of climate change by using a Make sens method which there was
yearly rainfall decreasing of 20% and temperature increase of about 1° C during the observation period
of historical data. The results showed that the average of drought level with the small scale was occurred
on February until August, the medium scale between September until December, and big scale on
December. After climate change, there was increasing of drought index about 15% until 60% which
drought level on the medium scale has occurred on February until September and drought level on the
big scale has happened on January, October until December.
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I. INTRODUCTION

Water is as the most generous substation in the earth surface, the main component for all of the living
creature, and as the main strength which constantly forms the earth surface. Water is also as the determining
factor in regulating the climate in earth surface for the demand of human life [1]. The effect of climate change is
marked by the happening of the season moving that causes long dry season so there is occurred the drought
which is influenced agricultural sector [2-4]. The role of climate change affects the increase in rainfall, which
causes an increased risk of landslides in the hills [5]

To more optimize the management of water resources, one of them is necessary to be carried out the
analysis of water balance [6, 7]. Generally, water balance presents the relation between inflow and outflow in a
region at the certain time. The water balance is very necessary for evaluating the availability of rainfall in a
region especially for knowing when and how much the water surplus and deficit which is happened in the
location of study. By the result of water balance analysis, it can be carried out indirectly to the components of
water balance which is not known the volume based on the known component like water deficit or surplus on
the certain month in this region.

The aim of this study is to investigate the effect of climate change on the drought index in Bangga
watershed. An investigation was carried out by comparing water deficit and potential evapotranspiration. Water
deficit was analyzed by using the model of MockWyn-UB [8]. The scenario on the influence of climate change
based on the result of detection and projection of climate change by using Make sens method which during the
observation period of historical data there was the decreasing of yearly rainfall of 20% and the increasing of
temperature of about 1°C [8]. This study was very useful for knowing water deficit as well as surplus from
drought index [9] so that was used as the consideration in water management in a region. Drought index was
classified into three scales such as small-scale (to be not), medium scale, and big scale with the value range in
gradually of 0 to 16.7; 15.7 to 33.3; and 33.3 to 100 [10].
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1. METHODOLOGY

The research location is located in the Bangga River Basin, Central Sulawesi, Indonesia, where its
watershed area is 65.90 km”. For more details are presented in Figure 1: [8, 11].
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Fig. 1. Location of the research

The data used in this research are secondary and primary data. Primary data obtained directly from the research
location in the form of soil characteristics, while secondary data obtained from the Regional Office of Sulawesi
River Region III in Palu, Central Sulawesi, Indonesia. Secondary data required in the form of daily rainfall data
and climatology data. The location of the nearest rain station is Upper Bangga Station and Bottom Bangga
Station, while climatology data using Bora Climatology Station. The earth map for the research location was
obtained from the Office of the National Survey and Mapping Coordination Agency in Jakarta, Indonesia. Maps
available on a 1: 50,000 scale.[8, 11].

To investigate of climate change influence to the drought index, it was necessary the method which the
steps were as follow: 1) analysis of rainfall; 2) analysis of potential evapotranspiration; 3) analysis of water
balance; 4) analysis of drought index.

Some of the analysis done on the MockWyn-UB model are[8, 11-24]:
1). Detection and projection of climate change; 2).Rainfall-based on the area of land use (Tpy); 3).Potential
evapotranspiration (ETo); 4). Actual evapotranspiration (ETa); 5).Difference between Tpy and ETo per month;
6). Accumulated Potential Water Loss (APWL); 7). Soil Moisture (SM); 8). Changes in soil moisture per month
(ASM); 9).Water surplus (WS); 10). Groundwater storage(Vn); 11). Storm Runoff (SR); 12). River Flow
discharge (Q) in the form of base flow and direct runoff.
While to analyze the Drought Index used additional formulas as follows:
Water Deficit (WD) =ETo - Eta )
Drought index (Ia) = WD/ ETo 2)

I11. RESULTS AND DISCUSSION

Table 1 presented the analysis of drought index in 1995 (for example), and Table 2 presented the result of

drought index from 1995 to 2011. Figure 2, 3, and 4 presented the correlation between rainfall (R) and

evapotranspiration (ETo) with drought index (Ia) each from 1995 to 2000, 2001 to 2006, and 2007 to 2011.
Figure 5 presented the correlation between R and Eto with Ia in monthly average from 1995 to 2011.
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TABLE I. Analysis of Drought Index in 1995 (for example)

Data year 1995
No ftem dan Feb Mar Ao May  Jun ul Aug Sep Qct Nep  Dec
| Vegetation

1 LHT BB K

2 LKC 8% ¥m*  §

3 UT 1k

4 LDAS S Km

I RAINFALL & EVAPQ.

5P 15500 24860 26555 9785 13535 18295 18920 23215 28735 20505 19180 2840
6 PHT 3370 1446 22908 8441 11676 15783 14508 20027 24789 17680 16346 2440
7 PKC 1940 312 324 1225 1694 2290 2113 2906 3897 2067 401 356
8 PLT 188 302 32 119 184 222 205 282 349 249 233 0¥
9 PNHT 11856 19010 20305 7488 10354 13992 12941 17753 21972 15681 14689 2179
10 PNKC 1828 2912 308 1166 1601 21582 1993 2722 233G 2408 254 382
1 PNLT 188 302 32 119 184 222 205 282 349 249 233 0¥
12 TPN 13872 22224 23736 8173 2119 16366 15139 20756 26681 18338 M6 2476
13 ETO 12431 10920 12462 12030 12338 10530 10840 11191 12300 12679 1370 11129
4 ETa

TPN = ETo ETa=ETo 243 10920 1482 - - 10330 10850 11191 12300 12679 1370 -
TPN < ETo, ETa=TPN + 43l - - 11884 1238 - - - - - - 10168
Il WATER BALANCE

15 S=TPN-ETo 1440 11304 11274 2257 219 5836 4289 9565 13381 56E9 4788 8053
16 Potensial water losses 000 000 000 -3257 219 000 000 000 0OO 0OO OO0 8553
17 APWL 000 000 000 -3257 -3476 000 000 000 0OO 0OO OO0 -G53
18 SM=SMC e"(APWL/SNC) 35155 35150 30155 32044 31845 235155 35155 36155 35140 30155 34155 27563
19 ASM 000 000 000 -3t -199 3310 000 000 00O 00O QOO -7RO2
20 WD=ETo-ETa 0 0 0 4 020 0 0 0 0 0 0 961
1 WS 1441 11304 11274 000 000 583 4289 9565 13381 56A9  H786 000
2l 000 000 000 12 016 000 000 000 00O 00O 00O BA3
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TABLE II. Recapitulation of Drought Index Analysis in 1995 to 2011

ltem Year Jan Feb War Apr May Jun Jul Aug Sep Oct Nov Dec
IManthly rainfall (R) 186.00 29832 31866 11742 16242 21954 20304 27858 34482 24606 23016 34.08
ETo 12431 10820 12462 12030 12338 10830 10850 11191 12300 12679 11370 11129
la-1 EER 0.00 0.00 0.00 27 016 0.00 0.0 0.00 0.00 0.00 000 a.63
la-2 12.83 0.00 0.00 3.09 4.08 0.00 0.00 0.00 0.00 0.00 0.00 9.97
Wanthly rainfall (R} 13524 25440 11886 17926 18684 19590 10890 21432 18066 13422 96.90 49.92
ETo 14446 13664 16461 14220 14477 12030 12462 14446 14520 14074 13470 13299
la-1 1996 3010 0.00 4.63 1.21 0.82 0.00 2.05 0.00 0N 238 9.87 26.22
la-2 4554 0.00 7.36 757 5.94 213 22.20 713 15.34 2740 39.89 59.22
Wanthly rainfall (R} 44.48 1394 12072 204.60 49.38 72.54 198.90 7.20 16.38 27.66 319.80 60.96
ETo 115.94 95.20 12307 13560 13423 13980 12555 16275 15180 14880 13500 12927
la-1 1997 712 2.33 (A 0.00 913 19.95 0.00 18.66 43.25 5438 0.00 710
la-2 [T (R 14.65 4.98 39.38 43.23 510 7273 78.12 79.13 0.00 9.00
WManthly rainfall (R} 11.94 17.76 83.22 19734 11598 16302 31632 10386 16746 85.32 49.26 26.70
ETo 151589 14364 15655 13050 12586 11220 11563 11935 12480 13082 10680  114.39
la-1 1998 9387 40.04 35.86 0.00 1.67 0.00 0.00 1.99 0.00 458 16.34 3335
la-2 95.16 42.16 42.56 5.15 32.97 1.3 0.00 3.99 4.13 18.93 32.70 49.36
anthly rainfall (R} 540 36.78 64.92 162.54 12336 24.72 71.46 1316 11298  176.34 43.74 16.74
ETa 10788 10220 11315 117.60 11129 10740 11160 13206 12720 128.03 12000 12741
la-1 1999 95.89 2392 2559 0.00 0.46 1344 16.72 14.97 16.37 0.00 5.28 30.01
la-2 96.70 26.87 3145 10.62 20.53 56.60 45.46 38.38 39.18 16.48 67.73 32.75
IManthly rainfall (R} 24918 2712 31.98 12288 13332 206.52 56.52 80.52 106.08 82.62 120.24 33.00
ETo N377r 10892 12741 12510 13206 99.30 1563 11935 13200 11005 118.50  106.02
la-1 2000 0.00 9.39 B4 11.89 12.21 0.00 30 10.05 12.79 18.01 11.43 41.59
la-2 0.00 10.56 29.44 20.31 22.12 0.00 5.00 15.39 20.90 2197 2341 52.93
Wanthly rainfall (R) 13140 6132 7152 17592 15388 13572 2846 16.66 10872 7896 25.38 57.00
ETo 114.08 93.24 12214 1280 1563 10650 12028 13733 13050 13857 11580 1181
la-1 2001 13.99 5.36 13.62 0.00 0.00 0.04 11.54 33.32 19.26 33.93 56.33 47.89
la-2 32.76 10.63 2115 368 5.72 12.21 48.51 63.17 39.22 4.2 14.67 63.99
WManthly rainfall (R} 34.12 13.26 2.04 0.00 67.74 24330 10662 2938 127.62 66.24 222.12 31.18
ETo 12493 10688 12059 13110 12338 98.70 13485 14353 13320 14508 12930 13547
la-1 2002 49.60 24.58 45380 62.27 42.36 0.00 3.05 23.30 12.10 3442 0.00 5.46
la-2 60.59 2843 49.09 64.85 50.53 0.00 5.35 28.33 21.39 4351 0.00 .66
anthly rainfall (R} 44.40 73.68 91.56 179.716 12576 4344 72.54 92.28 3324 146.88 12852 33.96
ETo 1780 10640 11532 12060 12648 12780 11284 12276 1460 12741 12660 10073
la-1 2003 71.62 12.89 14.75 0.00 1.16 14.98 18.62 19.86 4322 3.62 15.65 51.60
la-2 .73 17.84 22.31 .20 22.26 49.56 4.1 42.63 67.20 27.70 35.34 71.15
IManthly rainfall (R) 106.14 13.92 4914 14214 19848 61.02 120.36 1.02 90.18 20.70 46.62 16.92
ETo 12555 10444 12400 11970 12493 M730 M532 0 13857 13110 14477 133200 13361
la-1 2004 36.80 20.65 2843 551 0.00 5.80 469 36.85 2574 a713 54.58 [ERR
la-2 50.60 25.24 34.56 16.85 444 43.80 27115 75.78 49.50 79.82 12.32 36.43
Wanthly rainfall (R} 14.45 26.52 12186 10890  139.26 50.28 76.50 97.02 13872 14718 62.94 5412
ETo 12493 1312 14477 12240 12307 1430 M501 13702 11850 13299 11610 106.33
la-1 2005 91.06 29.94 18.00 18.43 9N 4276 35.22 3525 9.78 1371 45.29 52.27
la-2 92.95 32.64 26.25 28.89 22.32 52.92 4717 47.87 26.85 30.54 60.40 63.67
Wanthly rainfall (R} 56.38 32.30 10.26 168.30 11178 67.08 116.64 79.62 102.66 10.92 17.48 36.04
ETo M873 11480 12896 12060 13237 10860 128.03  136.09 13140 13919 12840 12586
la-1 2006 64.02 11.59 38.76 0.00 245 10.63 97 23.04 21.25 55.43 22.33 36.39
la-2 81 16.78 43.65 10.63 A 43.77 34.62 51.99 45.36 334 42.29 8532
WManthly rainfall (R} 39.10 19986 13740 18348 28794 12414 51.24 289.80 94.92 13866 10770 132.96
ETo 1160 12040 13113 12030 137.33 96.30 10912 13020 12900 12585 12080 11997
la-1 2007 40.26 0.00 0.86 0.00 0.00 0.02 6.68 0.00 35 312 5.28 535
la-2 53.30 0.52 .81 i 0.00 0.52 11.99 0.00 5.67 .63 16.61 15.36
anthly rainfall (R} 51.00 29.04 16584 18798 14508 173.04 26598 66.18 0.00 0.00 136.44 29.82
ETa 13081 108.08 12710 118.20 10354 12840 12431 14260 13710 13981 13170 13144
la-1 2008 70.62 2529 1.06 0.00 0.00 0.00 0.00 IR 36.29 56.87 15.05 599
la-2 76.93 28.36 10.70 345 9.00 10.36 0.00 9.96 38.90 59.03 27.33 55.56
Wanthly rainfall (R} 65.04 0.00 12192 12438 93.24 69.84 §9.16 12912 53.28 11310 10678 16732
ETo 115.94 94.08 119.04 12090 12214 11580 10815 13423 14850 12648 12390 12958
la-1 2009 A7.92 27.36 9.20 10.15 21.38 31.48 24.30 18.95 8387 26.06 29.32 T.76
la-2 67.06 30.08 17.39 20.35 4 42,53 37.38 344 64.43 40.91 4417 26.18
Wanthly rainfall (R) 1646 98.38 47.04 0.00 0.00 32724 28956 31663 11994 6823 5544 94.50
ETo 1532 12404 13175 11580 12493 11310 10974 11315 13170 12958 13260 10912
la-1 2010 24.54 .66 21.95 47.97 62.89 0.00 0.00 0.00 1.84 12.39 24.94 16.82
la-2 41.30 11.16 30.14 54.87 65.08 0.00 0.00 0.00 397 18.32 32.58 25.05
WManthly rainfall (R} 87.18 78.78 39.82 17.04 53.52 58.02 92.94 23736 14718 5568 25140 109.26
ETo 122.45 96.60 1532 11190 12245 1010 10447 12741 1760 13485 12180 M284
la-1 201 46.72 755 11.95 18.54 32.98 35.56 21.54 0.00 0.07 9.69 0.00 1.19
la-2 58.36 12.82 19.34 2917 43.20 45.67 34.53 0.00 141 16.63 0.00 293
Average R 36.96 33.90 96.87 13747 12665 13148 13503 12678 114.40 94.05 12491 63.20
Average ETo 12234 11070 12880 12268 12517 11284 11669 13252  131.01 13350 12406 12026
Average la-1 50.48 14.50 17.88 10.42 11.68 10.27 924 14.36 17.60 2319 18.87 29.70
Average la-2 59.47 17.79 24.05 17.49 24.72 24.44 21.68 28.90 30.68 2 33.50 44.09
Increase la-2 to la-1 15.12% 18.46% 2667% 4041% 83.18% 57.97% 57.37% &6031% 42065% 37.68% 4367% 32.63%
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Fig. 2. Correlation between R and ETo with Ia from 1995 to 2000
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Fig. 5. Correlation between R and ETo with Ia in monthly average from 1995 to 2011

Based on the analysis as in Table 2 and it also presented as in Figure 2 until 4, it could be explained that
the value of potential evapotranspiration which was almost the same along the year, so the drought index (Ia)
was very influenced by the value of rainfall (R). In 1995, 1996, and 2007, the value of drought index was
relatively low that the other years. It was due to the rainfall which was relatively higher than evapotranspiration.
The highest value of drought index has happened in 2005 such as 33.65 and the lowest has occurred in 1995. It
indicated that in 2005 there was happened the drought for a long time. However, in 1995 there was almost not
happened drought except in December on a small scale.

The correlation among rainfall, evapotranspiration, and drought index as in Figure 5 indicated that the average
of drought index with the small scale has occurred on February until August, a medium scale has occurred
between September until December, and the big scale has occurred on December. The analysis result of drought
index before climate change (Ia-1) and after climate change (Ia-2) indicated that there was the increasing of
drought index between 15% until 60% after climate change which medium drought index has happened on
February until September and the big drought index has occurred on January, October until December. By being
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the climate change, there was happened the drought or dry season for a long enough time and there was no
drought in small scale.

IV. CONCLUSIONS

Based on the measurement data of monthly rainfall and climate (hydro-climatology) in the period of 1980
until 2011 which the water balance was analyzed by using the method of Mock-Wyn-UB, it could be concluded
that there was happened the increasing of drought index value of 15% until 60% after climate change and it
indicated that there was happened dry season in long enough time.
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