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Abstract—Differences in temperature, duration of irradiation, wind speed, watershed shape, slope, and rainfall are the factors that
determine the amount of evaporation and discharge flow also characterizing of the watershed. As noted, the difference between the
maximum and minimum temperatures is over6 and the dry season happens mostly from May to October in West Sumatra Province
each year. It, of course,will affect the magnitude of potential evapotranspiration and the minimum water flow that tend to decrease.
Therefore, a particular evaluation of the impact of drought or susceptibility to water potential of the watersheds in the Areas of
Akuaman River of West Sumatra should be undertaken. The methods used were the standard of Ministry of Forestry of Indonesia-
the Agency for Research and Development of Forestry and the Center for Research and Development of Conservation and
Rehabilitation 2012 and Arc-GIS-10.3 software to determine the index of vulnerability to drought and Cropwat-8to calculate
evapotranspiration by Penman-Monteith method. The evaluation results show evapotranspiration value was 5.32 mm / day, 161.7 mm
/ month and the category of susceptibility tended to be medium and somewhat vulnerable. A review of the aspect of service levels of
the use of water and minimum specific discharge is seen that in small watershel@ = 100 km?} is more susceptible to get drought
than larger basins. It is therefore suggested to stakeholders to consider the possibilities for watershed integration as a solution to
improve water supply for irrigation.

Keywords— characteristics; drought vulnerability; watersheds; GIS.

evapotranspiration problem[6]. In addition, with the
[. INTRODUCTION increasing population, industry, agriculture and plantation
factors will also increase water demand[7],[8].

Based on aspects of the plant, the lack of water can

isrupt the process of photosynthesis, although the different
type of the plant will give various water stress[9]. However,
the response does not occur vastly because there are other
parameters, such as soil humidity, the plant adaptation,
topography or slope.

The global climate change phenomenon makes
unpredictable events occur, such as a rainstorm, flood and
dry season, rainy season, up and down the temperature of
seawater, evaporation, etc., that is often called El Nino or La
Nina. They are two different events, in which El Nino more

rainfall and lower temperature in the subtropical areat ds 1o ai . i the d d h
provides very different evapotranspiration values, 0.4- 6.9 enas fo give an impact in the dry season or decrease the
rainfall, while La Nina tends to occur in wet season or

2:;::1/213'Slgaggglzﬁg’ytgingiﬂ;ngmy;/alues occurred in the increase the rainfall[10]. El Nino ever occurred in 1997 and

A e - 2015 through countries in Southeast Asia including
Delay of planting time or shifting cropping patterns leads ) . . : i .
to an increase in the required water[5]. One of the factorsmdones'a' The impact in Indonesia could be felt in the entire

that cause increased water demand is a potentialtemtor'es of Indonesia, including Sumatera that is in the

west. The result of the topography of West Sumatera on the

Evaluation of watershed characteristics against drought is
one of the indicators to determine the basin typology[1]. It
also shows the possible water that can be provided by th
watershed and drought vulnerability [2],[3],. The level of
water drought the potential of the watershed is affected by
several parameters: annual rainfall, annual
evapotranspiration, the number of dry months for a year,
geological factors and water use index as well as specific
minimum water discharge. For instance, the result of the
evaluation of potential water vulnerability in Tuntang Hulu
Basin in Java Islarsi 3.0 [4]. In China that has smaller
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lack of water shows El Nino in 2015 really endanger not C. Formulation of Drought Vulnerability

only farmers but also other aspects which need river water |, determining the level of susceptibility to drought, the

discharge[11]. _ _ qualitative to quantitative approach is done by converting the
Since the influence of climate change is the tremendousyeighting of each parameter. The weighting is adjusted to

unusually dry season, thus it needs to be studied in order tghe magnitude of their respective effects on the drought [1].

anticipate the adverse impact that can occur later.One ofthe weight of each parameter is obtained as the table |

region [3],[12]. Therefore, the engineering in improving the
water demand need to be done. One of the attempts is to do a
study about the characteristics of the watershed on drought
or water potential in Akuaman river, West Sumatera by

TABLE |
FORMULATION OF DROUGHTVULNERABILITY [1]

using natural and management parameters approach. No. Parameter Weight (%)
A Nature (60%)

A. Watershed Characteristics a. | Annual precipitation (mm) 20
Characterization can be defined as an activity or character |_b. | Annual evapotranspiration (mm) 17.5

formation process, whereas characteristic is a distinctive |_C. | Number of dry months 12.5

quality.Hence, the characteristics of the watershed are |_d- | Geological factors 10

typical features of the watershed which are characterized by | B-| Management (40%)

several parameters: morphometry, topography, soil, geology, | & lmaéi)r requirements (Water Usage 25

vegetation, land use, hydrology, climatology, and humans. b. | The minimum specific discharge 15

order to obtain the characteristics of a watershed or a sub-
watershed,it is required away or procedure that is arranged in - Fyrthermore, total natural parameters are summed with
a formula as a basis for carrying out the whole charactertotal management parameters or:

formation process of the watershed[1].

B. Drought Vulnerability Analysis Model IN = I8, +1K5 1)

Drought susceptibility analysis models or water potentials .
are analyzed from watershed parameters: water use index." = value of drought vulnerability
geological conditions, rainfall in dry and rainy seasons, [Ka = valunerability index of nature
evapotranspiration and specific flow rate. The following K =valunerability index ofmanagement
schematic analysis of drought vulnerability is illustrated in b potential Evapotranspiration (ETo)

fi 1,Model lysis of vul bility to d ht. .
'gure 2,Model analysis ot vuinerabiiity fo drolg In determining the value of susceptibility to drought, the

rate is by annual evapotranspiration (mm). The Penman
equation has derived this formula since 1965, and the
equation undergoes a change which is a collaboration, now,
called the Penman-Monteith equation, which can be
expressed as the daily value of evaporation as follows:

Anmal Rainralt — o Annual precipitanii

dieucht

The annuel actial .
b apetezm e

Trealogy ol drenght

cyapelnspInim
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el
Vielerably
e [
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Water e e
Seeds Potential

The above equation is then updated and recommended by
1. o FAO[13], [14]into the Penman-Monteith FAO-56 equation,
spositih. _J_’_ which simplifies the above equation by utilizing some fixed
Process Fimal parameters assumed for reference cropped grasses. It is
Results ot assumed that the definition for a reference plant is a
hypothetical reference plant with a plant height that is 0.12
m, a fixed surface resistance, that is 70 sm-1 and an albedo
The determination of drought formulation and water Value (i.e., light section reflected by the leaf surface) that is
potential is based on natural parameters such as: (1) annudl-23[15], the new equation is:
rainfall, (2) annual actual evapotranspiration, (3) dry months,
(4) geology, and parameters related to management aspects: 0,408 MR, — )+ y=—220 4y (g, —g.)

Base Preliminary
Process
Data

Fig. 1 Model analysis of vulnerability to drought [1]

T+#273

(5) water requirements (water use index), and (6) annual ET, = Beplienasus) 3
specific minimum discharges.

There are two parameters in the management aspectwhere :
namely the water usage index (WUI) and minimum water ET, = reference evapotranspiration rate (mm /day)
discharge specific. WUI is the ratio of the water requirement T = naean air temperature(°C)
(m?/s)to the potential of the watershefim?®/s). The u, = wind speed (m/s).and
specific minimum discharge is the minimum water flow R, and G terminologies are stated in (MJm® /h)
{m?/s)divided by the area of the catchment dkaa" ).
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E. Classificationof Drought Vulnerability Level and Rehabilitation 2012. Furthermore, the drought

Drought is classified into five (5) categories in which each Vulnerability index was calculated, and its classification was
category is scored from 1 to 5. The value of the interval of Pased on Table II, Classification of typology or vulnerability
each group is derived from the difference of highest scoreOf drought. All calculations used Arc-GIS -10.3 software by
with the lowest score divided by the number of many theé base map from Geospatial Information Agency of
categories[16]. In the table, the following classification of Indonesia ~and to determine the magnitude of
typology or vulnerability of drought shows the values of the €vapotranspiration or evapotranspiration was performed by
interval of each group. using Penman-Monteith method which was processed by

using the Cropwat-8 software. Moreover, to get an overview

of the future, simulations will be conducted in 2024 and
TABLE II

CLASSIFICATION OF TYPOLOGY ORV ULNERABILITY OF DROUGHT[16] 2034.
Category Interval values Level of vulnerability I1l. RESULT AND DISCUSSION
(IN) . . . .
Very high | IN = 4.2 Very vuinerability Annua] daily ra_unfall _data were obtained from 10 ral_nfaII
_ _ observation stations in West Sumatera. The maximum
High 34N < 4.2 Vulnerability annual daily rainfall of all observation stations was obtained

Average 26<IN < 3.4 Medium more  tha#.300 mm/year, and monthly it was
Tow B =3t Rather over250 mm,/month. Also, the number of rainy days_ was
e over 120 day=z. This area has no monthly rainfall which is
Very Low | IN < 1.8 Not vulnerable smaller thadQ0 mm/month during one year of the
observation. This means that this watershed does not have
the dry month required for two months in a year.

Il. MATERIAL AND METHOD A. Potentialevapotranspiration (ETo)

A. Area of Study and Climatology From the temperature data, it was obtained that the
The study was done in the river area that is in Westaverage of the difference between a maximum and minimum
Sumatera Province — Indonesia. West Sumatera Province iéeémperature aé "C,and humidity was relatively high that the
an area in the west of Sumatera which has really steep t@verage was 97% and radiation time was approximately 12
sloping topography . The hills expand from the north to the hours in a day.The output of Cropwat software gave the
south and make it divided into two parts, namely East andaverage ofET,value 5.32 mm/day converted to monthly
West. This region also has a bumpy area in the headwateil61.7 mm/month. It is evident that evaporation is quite
and flat in the seashore area. Hence, the watersheds arkigh, with the average in a year wh%0.6 mm/year. The
formed with various areas. complete detail can be seen in tablelll Result of
This region has 29 watersheds and sub-watershedsvapotranspiration calculatidiE T,) with Cropwat — 8.
dominantly drain the water from East to West. The
watersheds relatively have oval and parallel shape [17].

. ; . . " TABLE Il
Climatologically, this area has a reasonably high rainfall that  Thg resuLT OFEVAPOTRANSPIRATIONCALCULATION (ETO) WITH
is more than 3500 mm / year, monthly rainfall more than 250 CROPWAT-8
mm/month and the number of the rainy days over 130 days ,,, [MinTemp MaxTemp Humidity Wind Sun Rad ETo
in a year [16]. The rainy season occurs between Novembet °C °c % | km/day hours| MJ/im?/day mmiday
to April and the dry season between May to October with| Janay | 228 29.8 98 5| 12 21,2 545
temperatures betwegfit — 33)°C . F’\e/lbr“iry 22258 2?)’6 95;7 55 1122(')( 228"11 55'727
The data used were the observation of rainfall from 1970 A:cl o - T e T oo e T o
. . I y ) ) s
to 2014 and the evapotranspiration from 2005 to 2014. Fro May 249 v o7 + | 120 ” a7
this stqdy, it is (_expecteq that it is an input for the decision — - 245 207 e PRERETY: P 502
maker in managing and improving the use of water. July 217 2.6 % 5| 120 5.4 2.90
B. Classification of Drought Vulnerability sAthUSL 221i68 229:6 9;7 44 1122'°) 2;79 5;520
. R . . . eptembe , , s y s
In this study, the determination of the classification of [ogoper | 218 26 97 2| 120 28 521
drought susceptibility was done by qualitative approaches| november| 21,7 31 97 5| 124 27.3 538
such as watershed shape was changed to quantitative bypecemver 21,9 30,9 97 5] 12, 26,8 5,33
giving weight and score of each parameter. For rainfall, the| Total
annual average from 1970 to 2014was used. Monthly datg Average | 22,9 293 | 97,0 5| 12 27,0 5,3P

were from 2005 - 2014. The value of susceptibility index
was obtained from the number of fundamental parametersB. Drought Vulnerability
with management after multiplying with the weights. The
weight was determined from the results of previous research
and it can be a standard for Forestry Ministry of Indonesia-
the Agency for Research and Development of Forestry an
the Center for Research and Development of Conservation

The drought vulnerability review was conducted in seven
watersheds consisting of 3 large basins and 4 small basins, in
which the wide of a small watershed was assumed smaller
han (100km*). The assessment is based on Formulation of
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drought vulnerability, where the influence of natural For specific minimum water discharge seen in table-VI, it
parameter is 60%, and the influence of management is 40%. shows that almost all watersheds gave a smaller value

From the calculation of the annual rainfall was obtained than(.01 (m*/s/km"). It explains that the value category
that the average of the rainfall in almost all places for the specific (minimum) discharge is very high. It is
wasisll mm/fyear, it means the vulnerability score was 1, pointed by red color in figure4.

the average of evapotranspiration &2 mm /day. TABLE VI
Furthermore, the number of dry months almost never SPECIFICMINIMUM WATER DISCHARGE
happened.It means that it was never dry for more than twe -
months. Meanwhile, the geological values were varied Q Slel?r?'f'c' Category of value
which the magnitude was different for each watershed. In Watersheds — -
general, the geological data obtained are seenin . ' (m¥/s/km? P;(;len TS;IG
From the geological map, the layer is d(_)minantly f_ormec 1 | Antokan 0.0052 very high | bad
by several types of stone, namely granite, andesite, ar.d2 Koram high
alluvium. The granite looks dark blue that is almost foung urany 0.0009 very g bad
along the seashore. To get the value of geology parameter|is3 | Anai 0.0022 very high | pad
by calculating the percentage of the area of stone which is |n 4 | Tiku 0.0035 very high | pad
the watershed, _then it is turned into a value or score. 5 | Gasan Gadang 0.0004 very high | bad
The calculations from the management aspect or t :
obtained water usage, the water use index and specific® | Manggung 0.0022 | veryhigh| pad
minimum water discharge were varied for each watershed 7 | Sirah 0.0013 very high | pad
which show the value of water use index in 2014, and it i5 8 | Ulakan Tapakis 0.0011 very high| pad

estimated for 2024 and 2034 (10 years periods) b

estimating the_ growth of the local populathn. The The drought susceptibility value was obtained from the
Improvements In water use fpr households, offices, andmultiplication of each parameter by weight, and the total
industries _”?ed_ to be taken Into ?CCOU”L whereas Wa_te(/alue was derived from the subtotal of natural values and
needs for irrigation are considered fixed. In the table-1V, it management. In the table-VIl Drought, the vulnerability
can be seen the potency and de”.‘a”d of each watershed. Ti dex shows that the vulnerability value of each watershed
table-V Water usage index and figure 3, Map of water use, -< varied ranging from 2.53 to 3.28

index at a watershed — West Sumatra Province, show that the ' o
category value of each watershed ranging from deep (green
color), average (yellow color) and very high (red color). The
scale was gained by comparing the demand and the potency.

TABLE VII
DROUGHTVULNERABILITY INDEX

TABLE IV Drought Vulnerability Level of
POTENTIAL AND DEMAND OF WATER EACH WATERSHED No. Watersheds Index vulnerabi
N Watershed Potential Demand (n¥/s) 2014 | 2024 | 2034 lity
o atersheds (ms) 2014 | 2024 | 2034 1 | Antokan 2.78 2.78 2.78 Mediun
1 Antokan 27.67 14.41 14.54 14.97 2 Kuraniji 2.78 2.78 2.78 Medium
2| Kuranj 8.77 465| 606) 6.48 3 | Anai 253 | 253| 253 Rather
3_| Anal 2875 | 952| 963 966 4 | Tika 303 | 3.03| 303| Medium
4 Tiku 4.59 3.40 3.45 3.46 Gasan
5 3.28 3.28 3.28 Medium
5 giiiﬂg 0.34 153 | 1.54| 154 Gadang
6 Manggung 139 073 077 078 6 M.anggung 2.78 2.78 2.78 Mecﬁum
Ulakan g | Ulakan 328 | 328 | 3.28| Medium
8 | Tapakis 3.35 9.26 | 9.28| 9.29 Tapakis : : :
TABELV C. Discussion
w u [ _— . .
ATERUSAGEINDEX From the result of the evapotranspiration calculation, it
No. | Watersheds Water Usage Index Category looks quite high, ET, = 5.32 mm/day and monthly
' 2014 2024 | 2034 | ofvalue rainfall 167.2 mm/month. The research in the sub-tropical
1 | Antokan 0.521 0529 0.526 mediun area (China) was the only 0.4-6.8 mm/day. The
2 Kuranii 0.530 0.690 0.739 medium evapotranspiration |52|5 mmg’day or 80 mml.-’ml:nnth[l8]
3 | Anai 0331 0335 0336 ow The resea_lrch result in West Bangkala_l area of Jeneponto
7 T 0739 0751l 0753 " Regency is only 118.5 mm/month; this value was more
Ky : : i medium significant [5]. It means the factor of evapotranspiration was
5 | Gasan Gadang 4.500| 4.534 45p9  veryhigh getting more significant. It can be caused by a large number
6 | Manggung 0.521 0.551  0.558 mediun of the rainfall, the speed of the wind and longer radiation.
7 | Sirah 1.650 1.650| 1.789 very high
8 | Ulakan Tapakis 2.762 2768 2.710 very high
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Geological Map on the River Area Akuaman
West Sumatera Province
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Fig. 2 Geological map of the river area Akuaman

Map of water use index at Watershed
West Sumtera Province
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Fig. 3 Map of water use index at a watershed — West Sumatra Province
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Map of Specific Minimum Discharge at Watershed
West Sumatera Province
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Fig. 4 Map of specific minimum discharge at watershed West Sumatra Province

The result of the water usage index shows that the ratio ofslightly vulnerable. Figure 5 shows with an average category
the need for the water potential has the value smaller tharfor the yellow colour and low for the green colour. So, it can
one. It means that the watershed is able to fulfill its needs. Inbe stated that the watershed in the river '"Akuaman’ area was
Table V Water usage index and figure 3Map of water usestill considered quite good.
index at a watershed — West Sumatra Province, it shows that Also, after the estimation for the year 2024 and the year
the large watersheds: Anai, Antokan, Kuranji dan Tiku were 2034,the condition of the watersheds still at the same level
still able to fulfill the water demand. Meanwhile, the small (medium). This is likely due to the increase in the population
watersheds: Gasan Gadang, Sirah dan Ulakan Tapakis werthat occurs below 10%, and the pace of growth is also small.
relatively unable to meet the water demand, exceptAs a result, the increase in the water demand does not affect
Manggung (Mangor) watershed. It can be seen from thethe water use index significantly in which the increase in
value of water usage index bigger than one. Especially inwater demand is betwegh07 — 0.22 m®/s) in the period
Gasan Gadang watershed, it was susceptible to the drought. of 10 years.

When it is seen from the estimation results for 10 (ten)
and 20 (twenty) years ahead, the index of water use is not IV. CONCLUSION
very significant to give an effect on the vulnerability. The
numbers of the drought vulnerability are between2.53 to
3.28. Although, the increase in irrigated rice fields has been
raised (10%) ten per cent.

In contrast,as viewed from specific minimum discharge
inTable VI that was obtained, almost all show a minimal
value (Q, < 0.01 m?/s/km"), It means this parameter gives
a very high score, that is 5, and it is very susceptible to
drought and considers that this condition is terrible.
Especially for the small watersheds, namely Gasan Gadan
basin obtained specific minimum water
dischargeQ, = 0.0004 (m?® /z/km*).

Overall the degree of susceptibility to drought at the table-
VIl and figure 5 look almost level of similar for all
watersheds, which is medium, except Anai watershed is

From the results and the discussion above it can be
concluded: In Akuaman watershed, the level of drought
susceptibility is generally still moderate with interval values
(2.6-3.4), except Anai watershed which has the low
category. For the small area of small watersheds, there is a
tendency to provide the water use index values that are
greater than the broad area of watersheds. Specific minimum
water discharge on all watersheds is minimal. Thus it
indicates a very-high value category that will contribute to
gncreasing the higher value of drought vulnerability. The
estimation of drought vulnerability until 2034 for all
watersheds is still relatively similar to the previous year.
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Map of Drought Vulnerability at Watershed
West Sumatera Province
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Fig. 5 Map of drought vulnerability at a watershed — West Sumatra
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