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Abstract: Despite efforts for—to develop and conserve water resources—development—and |
conservations, almost every year during the dry season, some areas in Central Java pProvince in '
Indonesia are-still experience airng lack of water, especially atin rural villages. Theese areas require
supplyforwater supply via water trucks as-wel-asand/-or portable pumps to obtain water from
rivers and groundwater-+eduction-in-agricuttural-plantation. At-the-meoment—theThe Central Java
government_—committed to realise-implementing a program ef-involving the construction of ng
1000 small reservoirs wwtil—the—yearby 2020 to overcome water shortages. However, the land
availabilityfor-the-technically ideal sites_are mostly belengs—te-privately owned, which requires
lengthy and costly land acquisition. To avoid the uncertainty i-of land acquisition, some ef-the-site
for-small reservoirss” eenstruction-are-were placed at-on the-state-owned land, which dees-did not
require land acquisition. The shift from technically ideal sites to available state-owned land for the
construction of small reservoirs raise-thedissue-onput into question the suitabititylocation suitability
of those reservoirs. Thispaperln this study, we evaluateds the suitability of the location fex-of small
reservoirs at-in the Bodri--Kuto Watershed using_the monthly standardized precipitation index
dSPI)_ i - H-We useds rainfall records of 25 stations in the watershed from the-yea+2000 to 2016

and- The-analysis-was-performed-foranalyzed yearly and monthly rainfall data. Erem-The yearly
analysis #-shows that the dry conditions (SPI < -0.5) in-thesrear-from 2005 to 2009 spread-toaffected

more than half of rainfall stations (>50%), while-whereas the rainfall stations that experienced more
dry years were-included Kedung Wungu, Babadan, Bojong, Ketapang, Sekopek, and Podowaras
(more than 9 years-out of 17 years). Erem-The monthly SPI; i-shows that during menth-July, August,
and September, all ef-the rainfall stations were-experienceing moderately dry or worse_conditions
(SPI < -0.50). Using 25 rainfall stations, we determined the spatial spread of dry conditions is
determined-using this—three-monthly SPI values from {July, August, and September}. Overlay
between-of the spatial spread of dry conditions wersus-with the location of small reservoirs can be
used to evaluate the suitability of the-small reservoir locations. }shews-thatthereis+We found that
1 (=3%) location is very suitable, 7 (=21%) locations are suitable, 24 (=73%) locations are moderately
suitable, and 1 (=3%) location is less suitable. H-shewsThe findings indicate that spatial distribution
of SPI can be used as an additional criteriona te-for evaluatinge the suitability of small reservoirs’
locations should itneeds-to-departfrom-technically ideal locations be unavailable.

Keywords: SPl-indice; drought indexiee; Bodri--Kuto watershed; location’s suitability

1. Introduction

Since the issuance of water resources law No. 7/2004 as modified by the-law No. 17/2019_in
Indonesia, the development of water resources inndonesia-has been very-intense, eevering-including
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Commented [M1]: Please carefully check the accuracy of

names and affiliations.

Commented [M2]: 1 and 3 have the same address. I

changed 3 to 1, changed 4 to 3. Please confirm it.

Commented [M3]: Please check if this author's email is

\ missing or the abbreviation of author name should be added.

Commented [M4]: Please add post code. (or zip code in the
| US).

\\ Commented [MS5]: Please check if the city location is IHE,

\

\| and add post code.

I Commented [M6]: Please confirm it.

| Commented [KO7]: Please define. Please ensure all
terms/acronyms/abbreviations are defined upon first
usage (1) in the abstract, (2) in the text, and (3) in a

figure or in a table.




Water 2020, 12, x FOR PEER REVIEW 2 of 18

efforts fer—to conserve and develop water resources—econservation, water—resourees
developmentimplementing programs for aleviating-mitigating water-related disasters and a; water
resources information system, and encouraging stakeholders’ participation in water resources
development.

In Central Java pProvince, there—are—two watersheds are managed by the provincial
gGovernment+-e--: Bodri-Kuto and Pemali-Comal-watersheds. However, there-arestill-semeease
efwater deficiency still occurs in the areas, especially during dry season. Since 2015, some regenciesy
in Central Java Province-experienced seme-drought problems, lack of clean water supply, and lack
of irrigation water. Some emergency actions_were undertaken, such as supplying clean water by

deploying water trucks and eperating-using portable pumps to pump water from rivers or ground
water for irrigation. Additienally—semeSome artificial rainfall efforts kad-were also been—practised

implemented with less successes. Kendal Regency, one of regencies in the Bodri--Kuto w¥/atershed,
was declared by the Provincial Disaster Mitigation Agency as a—region—which-experiencing aed
drought emergency in the-ear-2015, 2017, and 2019.

One effort-to-overcome-the-dry—econdition of; the provincial government to overcome the dry
condition has-was the commitmentted to developing 1000 small reservoirs throughout the province.
In the Bodri-Kuto watershed, there are 33 small reservoirs (10 already operatingee and other 23 are
en—geingundergoing design and construction). Small reservoirs are reservoirs which-with have
storage <1 million m3, or height <15 m, or crest’s lentghlength <500 m.

Ia-tsDuring implementation, the construction eidsetsunprogressed poorly primarily wel-due
primarily-to delays in land acquisition. Land aegusitienacquisition has been-historically delayed
many projects [1]. This land acquisition is causing major delays in the construction of some public
infrastructures-construction. The research-on-the-factors causing delay in land acquisition sueh-as{2}
whecan be grouped into four4 principal factors—-e: political interference; high cost of land
transactions,; weak planning institutions,; and rehabilitation issues with extensive legal delays [2].

To avoid the uncertainty i#-of land acquisition, some siesforthe-small reservoirs eonstruetion
are-moved—towere instead constructed on the closest state-owned land, which therefore-doesnot
reguireavoided the lengthy land acquisition process. The shift from technically ideal sites to available
state-owned land for the construction of small reservoirs raise-the-issue-enput into question the

suitability-location suitability of theese reservoirs.
The-Study of the impact of these locations” changes to-thelocation-suitability-of small reservoirs

atin the Bodri-—-Kuto watershed has—been—studiedby{3}-which-showssmallindicated their low
suitability [3]. Hreveals- Hhowever, thatthe study-authors used thes average of each month’s rainfall
data data-as reference for its respective month’s standardized precipitation index (SP1) kqlgu}a}lgg -
Additionallyyz—itThey used the drought vulnerability criteriona, which is defined as joint
oceurencesoccurrences of dry spells in consecutive months for evaluating the location’s suitability.
The use of the mean of each month’s rainfall data—will-result-in-theindicates the SPI in-with regard
respect to its—respeetive-each month’s deviation only. As a eensquenceconsequence, the same dry
spell in one month gives-differently meaning-ofimpacts the dryness in arother months, which must
be avoided. Secondly, the wuse of drought vulnerability, which combines the joint
oeecurencesoccurrences of frequenciesy of dry and very dry spells in consecutives months, wilt
changes the probability of drought condition te-be-differentfrom-theso that it does not reflect actual
realfield conditions.

Fhispaperln this study, we evaluateds the suitability of eflocations for small reservoirs at Bodri-
Kuto wWatershed using the monthly SPI index-deseribed—n-[4]. Eor-To calculate monthly SPI’s
calenlation, itwe used thes average of monthly rainfall. Additienally=itWe useds the envelope spatial
dryness condition to justify the location suitability.

2. Materials and Methods

2.1. Location

- {Commented [KOS8]: Please define.
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The location of the study is-was in-the Bodri-Kuto wWatershed in Central Java pProvince, which
eoverincludes regencies of Kendal, Semarang, Batang, and Temanggung, sueh-as shown in Figure 1.
ThefigureFigure 1 shows areal-the area of the Bodri-Kuto wWatershed superimposed-with-indicating
the leetionslocations ef-with eenstructed-small reservoirs, en-geing-reservoirs unders construction
during-in 2017, rainfall stations, and areas supplied with emergency water supph=by water truck;
and pumped irrigation.

[Fariamegaia Ry

—\
s 0255 10 15 20,
&  Rainfall Station - e Kilomelers
©  On-Going reservoir
®  Constructed Reservoir
®  Emergency irrigation pump
v Emergency Water Supply

[[] Thiessen Polygon

Joection-,
2.2. Data

Fhe-study—usesWe used secondary data efof 17 years (2000-2016) of rainfall records from 25
stations in the catchment obtained from the Water Resources Agency in Central Java—Provinee;
location of emergency water supply and irrigation eeleeted—obtained from_the Kendal Disaster
Management Agency; and location of small reservoirs censtruetedcompleted, en-geingunder
construction,; and planned collected from the Water Resources Agency in Central Java Province, ane
fromthe Agricultural Department,; and the Forestry Department. Other data are—included
information on the eeeurencesoccurrences of drought in the field obtained from governmental offices,
villages, and newspapers.

-~ | Commented [KO9]: “On-going resevoirs” makes more sense

as “Resevoirs under construction”




Water 2020, 12, x FOR PEER REVIEW 4 of 18

2.3. Analysis

The nature of drought phenemena-is complex and any drought index should realistically able
to—aceountforconsider the—condition—ef—climatological factors such as rainfall, temperature, air
humidity, winds, as—wel-l—as—#h@e soil conditions. The selection ofr the drought index for an analysis

addresm_geé the princ1ples of the methods along with their limitations and strengths. Author et al.
T-is-further-identified-by-[8] reported that actually-there-isno singular ene-particular-specifie-index
whieh—can portrayai# drought conditions for all of swhele—space and time. Droughts are
multidimensional in nature, manifested at-on different temporal scales, and cannot be fully
characterized using a single indicator [9].

The use of SPI [10] has been wery-popular, eue-primarily due to its less complicated formulation
and requiringes only rainfall time series, arnd-yet;and is capable of characterizing both temporal and

spatial climatological drought conditions be&&empe%ak&ﬂéspaﬁa%wse 11]

(PIPN), and agricultural rainfall mdex (ARI) using databases from 1990 to 1961 at-thein Nrortheast
ofIran. The future drought conditions in the Kashafrood basin, Iran, due to climate change
resultingee from low and high greenhouse gas emission scenarios (SRES B2 and A2, respectively),
were itedpredicted using all efthese-three indices. H-was-demenstrated-thatalloftheAll indices
indicated higher drought frequency as a result from-of climate change under both scenarios. #-The
findings supports that even the simple SPI indice—can perferm—provide equally good results
eomparecompare with te-the more detail indices (PIPN and ARI).

Author et al. Re£[13] studied the use of contemporaneous autoregressive moving average
(CARMA) time series analysis to model the SPI at a time scale of 12 months (SPI-12) atin the north-
west mountainous region in Jordan. #They used a rainfall data-base recorded from five rainfall
stations from 1983 to 2013 (30 years-tength). Ia-thestudy—it-isThe results demonstrated that the
CARMA (1,1) can model the SPI 42-in atthe region and that the cross--correlation structures between
the stations were well preserved.

Author et al. Ref—[14] have—applied the used—efmnormalized monthly precipitation and
standardized-precipitation-index{SPl to study the influence of El Nine-Nino events using rainfall
data based fres+-on 1950-2010 in Indonesia. #They shewed-found that the influence of El Nire-Nino
events is better represented by use of SPI. Eurthermore-theThe use of temporal and spatial SPI ex-in
more regions and seasons affected by El Nine-Nifio can better-more accurately reflect resuh—in
drought outlook.

Author et al. Ref-[4] applied SPI to analyzse the influence of climatic variability to the seasonal
rainfall pattern at-in South-western ef-Congo. H-shewsThey found that the frequency of occurrence
of dry_periods in successive years is relatively low, although 25 years over the last 50 years have
experienced droughts.

Recently, Author et al. ref-[3] used SPI to evaluate the correlation between drought area and the
location of small reservoirs construction in the Bodri--Kuto watershed In Indonesia. -showedlowThe
reported the low suitability between-of the locations of small reservoirs eonstruetion-andgiven the
drought conditions. However, Author et al. ref—[3] used SPI defined as the standardized deviation
from it’s respective months [3]. This will+esultuse of in-the-SPI value-inregard-toonly indicates its
respeetiveeach month’s deviation—enly, resulting in different dry spell meaning—definitions in
different months altheueh—despite having equal SPI values. Secondly, i-they applied drought
severetyseverity criteria based on simutteneushysimultaneous drought frequencies of dry and very
dry spells in consecutive months. The-use-of-thisThis —joint drought severetyseverity definition wilt
change-themeans the probability of drought conditions which-may differfrom—realnot reflect field
conditions.

The SPI indexin this paperisstudy was calculated both fexyearly and mMonthly-SPL. For yearly
SPI, itwe used thes mean of yearly rainfall data as the referencewhile; for monthly SPI, #we useds
the mean of monthly #reainfall data as the reference applicable throughout the months. In principle,
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the index calculates the standardizsed efrainfall. When it-the SPI less thaen the average, the index is
negative. The larger the negative value, shews-the higher-itlarger the deviationes (smaller than) from
its average or reference value, therefere~indicating a more severe drought index. The SPI formula
used-is as follows [3,15,16]:

spr= X
o
where =
X; is= -rainfall (mm) at time period 7, - - - ‘[Formatted: Indent: First line: 0 cm
X is= average rainfall (mm), and -
o_is the =———standard deviation (mm).

Based on the SPI calculated above, the drought condition ean-bewas classified as shown in Table

—_
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Table 1. Classification based on ‘SPI ’le}lﬂill + 8

Value of SPI Condition
-0.49 to -0.49 normalNormal
-0.50to —0.99 mederately-Moderately dry
-1.00_to —1.49 eryDry
-1.50_to —1.99 Vwery dry

<-2.00 ExtreemExtreme dry

The analysis performed in this paper-study is-briefly-explainedwas as follows::
+——(1) SPI cCalculation:

The SPI analysis-is-performedwas analyzed for at-17 years of rainfall records (2000-2016) from<- -
25 rainfall stations in the watershed. Before the SPI aAnalysis, the the-missing data has-beenwere
filled with inversed square distance_values dFlsher et al., 19817§r17d7 the data has—been—were

chekeedchecked for #s—consistency by—usinge ef-the double mass curve and—with correctioned
(Wilson, 1983).

2 (_)_The peﬂ«—)d—ef—dry months are-were also cross checked using Oldeman s method (ﬁ’arvm‘ .

principle component analysis for clustering homogenous regions based on SPI[18].
4——(4) Drought classification and mapping: - \‘\“;‘\

Based on the spatial SPI, t-he—spa&a—l—el-ass#re&ﬂeﬂ—eﬂ—drought conditions is—perfermedweret ||

5.—(_)_Sevefet—ySeverl ty ofs QDrought—eeﬁd-rﬁeﬁ;:_

The severetyseverity of drought eondition-is based on monthly SPI. The longer the dry condition
(as indicated by SPIl-index), willresul—inthe more severe the eenditiondrought. Severe drought
conditions is-are experienced when the location is continuously in-dry condition for three months.
The criteria for severety-en-drought severity are is-shown in Table 2.

6——(6) Location’s sSuitability: - «

The suitability of reservoir locations based on the SPI index—iswas obtained from overlying<'
spatial mapping of drought classification with locations of small reservoirs (constructed or planned).

Table 2. Drought-_dBPuration, severetyseverity, and location suitability.

‘NOL Duration * Drought SeveretySeverity Suitability
1 3 months Very High Very Suitable
2 2 months High Suitable
3 1 months Moderate Moderately Suitable
4 Low Less Suitable

* Monthly SPI < -0.50 (moderately dry or worse).
3. Results

3.1. Yearly SPI

The yearly SPI is-was used to identify which-the years-are—in—the-driest periodsyears,: H-is
identifiedwhich was achieved by counting the number of rainfall stations whose records showed dry
conditions. Figure 2 shows the number of rainfall stations (out of 25-stations) whieh-that experienced
moderately dry or worse_conditions (SPI < —0.50) in-every year. In the-yeas-2000, for example, there
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were4four stations experienced moderately dry condition, three3 stations-experienced dry condition,
and two2 statiens-experienced very dry condition. In total, there—were-9nine stations (out of 25
stations) which-experienced moderately dry or worse conditions in thereas2000. Eror-thisfigure it
canbeseenligure 2 shows that the driest years were observed in thesrea+2005, 2006, 2007, 2009, 2012,
and 2015, where more than 10 rainfall stations simultaneously experienced moderately dry or worse
conditions (SPI < -0.50).
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Figure 2. Number of rainfall stations experiencing moderately dry or worse conditions.

Figure 3 shows the frequency ef-a—station—in—theof condition—of-moderately dry or worse
conditions at the various stations. The worst rainfall records is-was observed at inPodowaras station,s
whereithaswhich experienced nine9 years of dry conditions and eight8 years of very dry conditions
out of the 17 years of records (2000-2016).-Fhe Podowarasrecords-alwaysshows-dryand-very-dry
conditions-throughout-the-period: Other rainfalllrainfall records showing moderately dry or worse
are-conditions included: Kedung Wungu (13 years), Babadan (9 years), Bojong (12 years), Ketapang

(10 years), and Sekopek (10 years)Podewaras{d7earsy..
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Figure 3. Rainfall stations experiencing moderately dry or worse_conditions.

32.Monthly SPI |

The result of monthly SPI for all 25 rainfall stations is shown in Table 3. k+--On average, the
moderately dry months are-irwere June to OetobreOctober, where-theirwith SPI values are-below
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-0.5 (moderately dry or worse). In this analysis, i-we useds the driest three months;-e—the-month
of: July, August, and September.
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Table 3. Monthly SPI at 25 rainfall stations.

Monthly SPI
No| _ _ Rainfall Station _ Januar __Februar _Marc _ _Ayﬂ_ “May- ~June- - - July - - Augus _SepemberSeptembe _Octobe _ Novembe _ Decembe_
y y h I r r r N
N\

— — AN
I Tersono 18 287 08 070 70}‘27 0&'57 Q.7¢ 106 100  -057 019 141 iy
) -04 07 .

2 Kutosari 1.18 1.30 -032 033 -0.91 -1.10 -0.96 -0.80 -0.03 027 «\\ N\

PR Sekopek ___ 087 __ 086 _ =017 027 3 - ___0%_ _ -118 =097 071 _ 03 012 __ !
-09 -09

an Podowaras __ -034 _ -017 071 70 .~ o _-110 _ -120 L 108 081 056
-02 -05

12 KedungPucung 115 087 035 038 5 -0.73  -114 -106 073 004 033
-04 -0.6

B Subah 203 248 018 012 o, 070  -L08 091 062 008 028
-01 -04

d4  Limpung 200 225 073 057 o o 076 L0l 0% 043 029 0.87
-06 07

A5 Simbang L% 209 009 028 - 081 -104 09 _____ 077 039 __-006 _

16 Blado 3.52 3.37 223 1.55 0.88 0.07 -0.53 -0.84 -0.76 0.25 1.26 2.05

N \\\\
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Figure 4 shows the driest rainfall stations based on monthly SPL The driest months are-was
August followed by July and September, which showed moderately dry and dry conditions. Eren
this—figure—itis—contirmedThe—thatthe—driest—months—are—inJuly—August—andSeptember:
Furthermerethe rainfall records showing the driest conditions are-were records-atstations-ofthose
from Kedung Wungu, Ketapang, Sekopek, Podowaras, Simbang, Klareyan, and dan Singorojo
stations—Fhese-are-stations-with-the driest-condition based on both monthly and yearly SPI’s.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2.50

200 m Kedung Wungu
~ 1:50 i m Ketapang
% 1.00 - m Sekopek
>
= 0.50 ® Podowaras
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E 0.00 = Simbang
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| '00 I L] = Klareyan
150 = Singorojo

Month

Figure 4. Monthly SPI at Sesse-driest rainfall stations.

Figure 5 shows the number of rainfall stations whieh-that were experiencing moderately dry or
worse_conditions. During the driest months of July, August, and September, all rainfall records
indicated moderately dry or worse conditions. Figure 6 shows the number of months in the year {out
of 12 menths)-where the rainfall records showeds moderately dry or worse conditions.
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Figure 6. Frequency of rainfall stations experiencing moderately dry or worse_conditions in the
Bodri-Kuto watershed.
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4. Discussion

4.1. Spatial Distribution of Drought
The spatial distribution of monthly drought in the Bodri--Kuto watershed during July, August,
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The severetyseverity of drought conditionisbased-onwas determined on the basis of the criteria
in Table 2 and is shown in Figure 9. Statien-Podowaras and Singorojo stations experienced continuous
dry conditions ewring-in July, August, and September. The areas shown in {(Figure 9 in; dark browny}
is-are most very-suitable for_the the-construction of small reservoir-stecation. The areas efindicated
in brown is-are suitable, while-whereas the areas ef-indicated in light brown is-are moderately
suitable. IaFigure 9-it-is-also-overlayed-with-theThe drought severity map in Figure 9 is overlaid
with locations of small reservoirs (constructed and en-geingunder construction) and locations of
emergency water suppiliesy (water truck and pumped irrigation). ¥-The figure shows that the
emergency water supply in Curug Sewu, Sidodadi, Jatirejo, Pekuncen, and Wonosari aze
relevanaligns with te-the drought-affected areas.

Legend De=a s LU 20Ki lometers
# Rainfall Station Severity Level
= Irrigation pump I Very High
v Emergency Water Supply  pam High
© On-Going reservoir [ Moderate
@ Constructed Reservoir Low
[_IWatershed

Figure 9. Overlay of small reseveirreservoir s-locations and drought severetyseverity map.




Water 2020, 12, x FOR PEER REVIEW 14 of 18

4.2. Location Suitability of Constructed Reservoirs

The I+ocations of some constructed reservoirs overlaid with the drought severetyseverity map
is-are shown in Figure 9 and its-the location suitability is shews-listed in Table 4. H-eanbe-seenthat
there-isonly=Only one reservoir (reservoi=No. 10, Sidokumpul) s#ich-is located in a suitable area
(i.e., at-with high severetyseverity drydrought)-area. This is—in—conecordancefinding agrees with
previeus-that previously reported stey-[3]. The other nine reservoirs (90%) are located in moderately
dry areas, which are thus in moderately suitable locations. Compared te-with the previous study [3],
there-were-80% loecations-of eonstruected-small reservoirs whieh-were constructed in are-less suitable
locations.
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Table 4. Location suitability of constructed small rReservoirs.

No. Name efSmallRes: Drought SeveretySeverity Suitability

1 Kedungasri Moderate Moderate Suitable
2 Bumiayu Moderate Moderate Suitable
3 Triharjo Moderate Moderate Suitable
4 Sojomerto Moderate Moderate Suitable
5 Rowobranten Moderate Moderate Suitable
6 Ringinarum Moderate Moderate Suitable
7 Tejorejo Moderate Moderate Suitable
8 Ngerjo Moderate Moderate Suitable
9 Harjodowo Moderate Moderate Suitable
10 Sidokumpul High Suitable
Ceunting:Total:
Very Suitable 0 (0%)
Suitable 1(10%)
Moderately Suitable 9 (90%)
Less Suitable 0 (0%)
The result isrelevantto-thealigns with the field conditioens. The Sidokumpul small reservoir is

used for supplying domestic water needs, cattle, and irrigation. Additionatly—theThe Sidokumpul
reservoir_is also used to supply water to Sojomerto Weir, thus extending its services to a wider
irrigation area.

4.3. Location Suitability of O#-Geing-Reservoirs Under Construction

Lecation-The locations of en-geing-reservoirs_under construction overlaid i#-on the drought
severetyseverity map is-are shown in Figure 9 and in-itstheir suitability is shews-listed in Table 5. H
can-be-seen-thatoutof-Of 23 engeingreservoir under constructions, ene-1 reservoir (4%) is in a very
suitable location (reserveir—Karangtengah, No. 7), 6 reservoirs (26%) are in suitable locations, 15
reservoirs (65%) are in moderately suitable location, and only ere-1 reservoir (reservei=Blumah) is
located in a less suitable location. Previeus-The other study [3] showed that there-were-57% of-on
seine-small reservoirs which-areunder construction were in less suitable locations.

Table 5. Location suitability of ef-en-geing-small reservoirs under construction.

No. Name efSmallRes: Drought SeveretySeverity Suitability

1 Wonoboyo Moderate Moderate Suitable
2 Trisobo Moderate Moderate Suitable
3 Kedunggading Moderate Moderate Suitable
4 Tamanrejo Moderate Moderate Suitable
5 Kedungboto Moderate Moderate Suitable
6 Blumah Low Less Switable

7 Karangtengah Very High Very Suitable

8 Wonosari High Suitable

9 Jatirejo High Suitable

10 Wonotenggang Moderate Moderate Suitable
11 Nglarangan Moderate Moderate Suitable
12 Gemawang Moderate Moderate Suitable
13 Bejen High Suitable
14 Sumowono Moderate Moderate Suitable
15 Sawangan Moderate Moderate Suitable
16 Ngaliyan Moderate Moderate Suitable
17 Gringsing Moderate Moderate Suitable
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18 W. Cening Moderate Moderate Suitable
19  W.Banyuwaringin High Suitable
20 W. Kedungsuren High Suitable
21 Kdg Gading?2 Moderate Moderate Suitable
22 Sojomerto2 Moderate Moderate Suitable
23 Triharjo2 High Suitable
Counting:Total:
Very Suitable 1 (4%)
Suitable 6 (26%)
Moderately Suitable 15 (65%)
Less Suitable 1 (4%)
Fotal 23-(100%}

In-Oeverall, itecan-beseenfrom-Table 6 shows that out of total 33 reservoir locations, there-is
onel (3%) location—is very suitable, seven—7 (21%) locations—are suitable, 24 (73%) lecations—are
moderately suitable, and only ere-1 (3%) location whichis less suitable.

Table 6. Overall location suitability.

No. Suitability Constructed O&Gemg% Total
Construction
1 Very Suitable 0 (0%) 1 (4%) 1 3%
2 Suitable 1(10%) 6 (26%) 7 21%
3 Moderately Suitable 9 (90%) 15 (65%) 24 73%
4 Less Suitable 0 (0%) 1 (4%) 1 3%
Total 10 (100%) 23 (100%) 33 100%

5. Conclusions

1

o

1

1. For eenstrueted-the locations of existing small reservoirs, there-are-onet (10%) is suitable+ -~ -

and nine9 (90%) are moderately suitablelocations. Meanwhileforon-goingsmallFor small reservoirs
under construction, there-are-1 (4%) is very suitable, 6 (26%) are suitable, 15 (65%) are moderately
suitable, and enly-1 (4%)_is less suitable. }-givesimprovement-on-theThis is an improvement in the
suitability percentage compared to previeus-the findings reported previously staey=[3].

2—In-Oeverall, eut-of 33 reservoirs under construction in the Bodri-Kuto watershed, there-are
8 (24%) of-constructon-ofsmallreservoirinBodriduto-Watershed-which-are either very suitable and
or suitable.

b e e e e e

=

3. MoestThe ofthelocations of 24 small reservoirs (=73%) are moderately suitable as they are+ - -

located in the-drought-

4—To improve the effectiveness of reservoir construction, itis-impertantto-also-considerthe<,

drought severefyseverity for-in the areas surrounding +thelocation—of-the reservoir should be | \\\‘

considered.;

5——The use of spatial and temporal SPI can help access-determine the-suitable locationsiity for
reservoir-slocation.

6- The location—changes—experienced—during—the—eonstructon—of—small reservoirs from
constructed technically—ideallocations—toin available land locations_instead of technically ideal

locations are still located within the-suitable dry or moderately dry areas.
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Despite efforts to develop and conserve water resources, almost every year during the dry
season, some areas in Central Java province in Indonesia still experience lack of water,
especially in rural villages. These areas require water supply via water trucks and/or
portable pumps to obtain water from rivers and groundwater. The Central Java government
committed to implementing a program involving the construction of 1000 small reservoirs
by 2020 to overcome water shortages. However, the technically ideal sites are mostly
privately owned, which requires lengthy and costly land acquisition. To avoid the
uncertainty of land acquisition, some small reservoirs were placed on state-owned land,
which did not require land acquisition. The shift from technically ideal sites to available
state-owned land for the construction of small reservoirs put into question the location
suitability of those reservoirs. In this study, we evaluated the suitability of the location of
small reservoirs in the Bodri-Kuto Watershed using the monthly standardized precipitation
index (SPI). We used rainfall records of 25 stations in the watershed from 2000 to 2016
and analyzed yearly and monthly rainfall data. The yearly analysis shows that the dry
conditions (SPI < —0.5) from 2005 to 2009 affected more than half of rainfall stations
(>50%), whereas the rainfall stations that experienced more dry years included Kedung
Wungu, Babadan, Bojong, Ketapang, Sekopek, and Podowaras (more than 9 out of 17
years). The monthly SPI shows that during July, August, and September, all the rainfall
stations experience moderately dry or worse conditions (SPI <—0.50). Using 25 rainfall
stations, we determined the spatial spread of dry conditions using monthly SPI values from
July, August, and September. Overlay of the spatial spread of dry conditions with the
location of small reservoirs can be used to evaluate the suitability of small reservoir
locations. We found that 1 (3%) location is very suitable, 7 (21%) locations are suitable, 24
(73%) locations are moderately suitable, and 1 (3%) location is less suitable. The findings
indicate that spatial distribution of SPI can be used as an additional criterion for evaluating
the suitability of small reservoirs’ locations should technically ideal locations be
unavailable.
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COMMENTS AND SUGGESTIONS FOR AUTHORS

1. Thisisa very interesting paper dealing with the important issue of the suitability of the location of the
construction of hydraulic plans, in this case, reservoirs.

2. The paper is very well written and the use of the English language is excellent.

3. There are some issues though in the applied methodology, the use of data and information and the conclusions.

a)

b)

c)

First of all, the authors emphasize in the use of meteorological data, and more specifically, the Standardized
Precipitation Index (SPI), for the identification or the characterization of the suitability of specific locations
selected for the construction of reservoirs. | am afraid this is just one of the criteria that need to be applied.
The suitability of a location for the construction of a reservoir depends also on its location within the
watershed, the flow of water, the characteristics of the soil, the cost of water allocation works, etc. All these
issues are not even mentioned by the authors.

The authors state that the reservoirs were built not on the optimal locations but on locations that were
available (public instead of private). This is, of course, a very important issue, often found in the
construction of public works. They don’t indicate though these locations compared to the ones that were
actually selected. If the distance is small, then the meteorological conditions are not likely to differ and
thus, the whole approach, using the SP Index, doesn’t seem to be of significance.

In the main map of results (Figure 9) the authors point out a single location as, the only one reservoir (No.
10, Sidokumpul) which is located in a suitable area. | cannot see any differences between location 10 and
locations 15 and 17, for example, which seem to be in the same drought significance severity area.
Actually, reservoir 10 seems to be in a moderate and not a high severity area.

d) Another map is needed, accompanying Figure 1, to show on a larger scale, the study area.
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Dear Reviewer 1, thank you very much for some inputs and points for the improvement of the paper.

Yes, definitely. There are more factors influencing the selection of a reservoir such as mention by the
reviewer. In the paper, there are 30 small reservoirs that are field storage rain fed and whose capacity is
below 100.000 m®. These small storages must be located near the point of demand because the water
transmision to further distance may not effective. | have included the table (Table 1 and Table 2) of the
small reservoirs analysed to give clearer figures on the scale of the small reservoirs. The other 3 reservoirs
are real reservoir whose capacity are at least 10 million m?, which therefore their locations are determined
by some factors that are mentioned by the reviewer 1.

The authors meant that “the change from its technically ideal location” occurred during the design phase of
rain-fed small reservoirs or field storages. In practices, partly due to difficulties in land acquisition, there
were more consideration and priorities on selecting location for rain-fed small reservoirs or field storages to



be on state-owned land. These have caused shift further from demand’s point. The authors have corrected

the sentences accordingly.

The SPI indicator uses rainfall as the main input. In hily areas such as those in the middle and in the

upstream of the Bodri-Kuto watershed, the variation of monthly rainfall can be high. Therefore, the use of
monthy SPI in the area of highly varied rainfall can still significant even in small distance.

In Figure 9, there are two type of reservoir, i.e., the already constructed (10 reservoirs) and the one that are

still on going reservoirs (23 reservoirs). Reservoir No. 10 Sidokumpul is within the constructed reservoir,
whose location is in barely the middle of the Figure (look at the sign : black dot in the small circle for
constructed), upper side of text “Patean Curug”. While reservoir number 15 and 17 which are located in the
left upper of the Figure is within the on going reservoirs (look at the sign : white cross within black small

circle).

Best Regards,
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This is a very interesting paper dealing with the important issue of
the suitability of the location of the construction of hydraulic
plans, in this case, reservoirs.

Thank you very much for some inputs and points for
the improvement of the paper.

The paper is very well written and the use of the English language
is excellent.

There are some issues though in the applied methodology, the
use of data and information and the conclusions.

1. First of all, the authors emphasize in the use of Yes, definitely. There are more factors influencing the
meteorological data, and more specifically, the Standardized | selection of a reservoir such as mention by the
Precipitation Index (SPI), for the identification or the reviewer. In the paper, there are 30 small reservoirs
characterization of the suitability of specific locations that are field storage rain fed and whose capacity is
selected for the construction of reservoirs. | am afraid thisis | below 100.000 m3. These small storages must be
just one of the criteria that need to be applied. The located near the point of demand because the
suitability of a location for the construction of a reservoir transmision to further distance may not effective. |
depends also on its location within the watershed, the flow have included the table (Table 1 and Table 2) of the
of water, the characteristics of the soil, the cost of water small reservoirs analysed to give clearer figures on
allocation works, etc. All these issues are not even the scale of the small reservoirs. The other 3
mentioned by the authors. reservoirs are real reservoir whose capacity are at

least 10 million m3, which therefore their locations
are determined by some factors that are mentioned
by the reviewer.

2. The authors state that the reservoirs were built not on the The authors meant that “the change from its

optimal locations but on locations that were available
(public instead of private). This is, of course, a very
important issue, often found in the construction of public
works. They don’t indicate though these locations compared
to the ones that were actually selected. If the distance is
small, then the meteorological conditions are not likely to
differ and thus, the whole approach, using the SP Index,
doesn’t seem to be of significance.

technically ideal location” occurred during the design
phase of rain-fed small reservoirs or field storages. In
practices, partly due to difficulties in land acquisition,
there were more consideration and priorities on
selecting location for rain-fed small reservoirs or field
storages to be on state-owned land. These have
caused shift further from demand’s point. The
authors have corrected the sentences accordingly.

The SPI indicator uses rainfall as the main input. In
hily areas such as those in the middle and in the
upstream of the Bodri-Kuto watershed, the variation
of monthly rainfall can be high. Therefore, the use of
monthy SPI in the area of highly varied rainfall can




still significant even in small distance.

In the main map of results (Figure 9) the authors point out a
single location as, the only one reservoir (No. 10,
Sidokumpul) which is located in a suitable area. | cannot see
any differences between location 10 and locations 15 and
17, for example, which seem to be in the same drought
significance severity area. Actually, reservoir 10 seems to be
in a moderate and not a high severity area.

In Figure 9, there are two type of reservoir, i.e., the
already constructed (10 reservoirs) and the one that
are still on going reservoirs (23 reservoirs). Reservoir
No. 10 Sidokumpul is within the constructed
reservoir, whose location is in barely the middle of
the Figure (look at the sign : black dot in the small
circle for constructed), upper side of text “Patean
Curug”. While reservoir number 15 and 17 which are
located in the left upper of the Figure is within the on
going reservoirs (look at the sign : white cross within
black small circle).

Another map is needed, accompanying Figure 1, to show on
a larger scale, the study area.

Figure 1 has been modified to be more clearer
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Location Suitability for Small Reservoirs at Bodri-Kuto Watershed Based on Spatial
Monthly SPI

Despite efforts to develop and conserve water resources, almost every year during the dry
season, some areas in Central Java province in Indonesia still experience lack of water,
especially in rural villages. These areas require water supply via water trucks and/or
portable pumps to obtain water from rivers and groundwater. The Central Java government
committed to implementing a program involving the construction of 1000 small reservoirs
by 2020 to overcome water shortages. However, the technically ideal sites are mostly
privately owned, which requires lengthy and costly land acquisition. To avoid the
uncertainty of land acquisition, some small reservoirs were placed on state-owned land,
which did not require land acquisition. The shift from technically ideal sites to available
state-owned land for the construction of small reservoirs put into question the location
suitability of those reservoirs. In this study, we evaluated the suitability of the location of
small reservoirs in the Bodri-Kuto Watershed using the monthly standardized precipitation
index (SPI). We used rainfall records of 25 stations in the watershed from 2000 to 2016
and analyzed yearly and monthly rainfall data. The yearly analysis shows that the dry
conditions (SPI < —0.5) from 2005 to 2009 affected more than half of rainfall stations
(>50%), whereas the rainfall stations that experienced more dry years included Kedung
Wungu, Babadan, Bojong, Ketapang, Sekopek, and Podowaras (more than 9 out of 17
years). The monthly SPI shows that during July, August, and September, all the rainfall
stations experience moderately dry or worse conditions (SPI <—0.50). Using 25 rainfall
stations, we determined the spatial spread of dry conditions using monthly SPI values from
July, August, and September. Overlay of the spatial spread of dry conditions with the
location of small reservoirs can be used to evaluate the suitability of small reservoir
locations. We found that 1 (3%) location is very suitable, 7 (21%) locations are suitable, 24
(73%) locations are moderately suitable, and 1 (3%) location is less suitable. The findings
indicate that spatial distribution of SPI can be used as an additional criterion for evaluating
the suitability of small reservoirs’ locations should technically ideal locations be
unavailable.
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The subject of this study is to suggest the location suitability of reservoir through SPI analysis.In the case
of the drought index, various indices are currently proposed, and in addition to the SPI, the application of
the drought index considering the amount of evapotranspiration in the target region is also worth proposing.
Sufficient opinion should also be given as to whether the droughts presented through the SPI is observed in
real areas.

The decision was based solely on SPI for location suitablility. I think there are enough factors to consider in
this research.

The conclusions need to be specifically described in this study for uncertainties and new findings.
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Dear Reviewer 2, The authors thank you very much for the comments and suggestion for improving the paper.

1.

Yes, | definitely agree that the use of more indicators will be better representing the drought phenomena.
There are many drought index in literatures such as in “Handbook of Drought Indicatros and Indices, GWP,
WMO 1173.”. The indices which use evapotranspiration are among others Aridity Anomally Index (AA),
Evaporative Stress Index (ESI), and Agregate Dryness Index (ADI). They are mostly aimed to address
impacts of drought to agriculture. While the issue addressed in the paper is more on hydrological drought.
SPI has been proved to be widely used indice and yet simpel.

The discussion has been improved to address the real situation compared to the results of the paper. The dry
condition as well as the areas needed water truck supply indicate on the need of reservoir or storages.

Yes, definitely. There are more factors influencing the selection of a reservoir such as mention by the
reviewer. In the paper, there are 30 small reservoirs that are field storage rain fed and whose capacity is
below 100.000 m3. These small storages must be located near the point of demand because the transmision
to further distance may not effective. | have included the table (Table 1 and Table 2) of the small reservoirs
analysed to give clearer figures on the scale of the small reservoirs. The other 3 reservoirs are real reservoir
whose capacity are at least 10 million m®, which therefore their locations are determined by some factors
that are also mentioned by the reviewer 1.

The uncertainties will include the location of rainfall stations, and on the completeness on the data itself. It
is suggested that the analysis be performed for shorter time period e.g. weekly basis to capture the high
variation in the rainfall (temporal and spatial).

Best Regards,
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1. The subject of this study is to suggest the location
suitability of reservoir through SPI analysis.In the
case of the drought index, various indices are
currently proposed, and in addition to the SPI, the
application of the drought index considering the
amount of evapotranspiration in the target region is
also worth proposing.

The authors thank you very much for the comments
and suggestion for improving the paper.

Yes, | definitely agree that the use of more indicatros
will be better representing the drought phenomena.
There are many drought index in literatures such as in
“Handbook of Drought Indicatros and Indices, GWP,
WMO 1173.”. The indices which use evapotranspiration
are among others Aridity Anomally Index (AA),
Evaporative Stress Index (ESI), and Agregate Dryness
Index (ADI).

They are mostly aimed to address impacts of drought to
agriculture. While the issue addressed in the paper is
more on hydrological drought. SPI has been proved to
be widely used indice and yet simpel.

2. Sufficient opinion should also be given as to
whether the droughts presented through the SPI is
observed in real areas.

The discussion has been improved to address the real
situation compared to the results of the paper. The dry
condition as well as the areas needed water truck
supply indicate on the need of reservoir or storages.

3. The decision was based solely on SPI for location
suitablility. | think there are enough factors to
consider in this research.

Yes, definitely. There are more factors influencing the
selection of a reservoir such as mention by the
reviewer. In the paper, there are 30 small reservoirs
that are field storage rain fed and whose capacity is
below 100.000 m3. These small storages must be
located near the point of demand because the
transmision to further distance may not effective. |
have included the table (Table 1 and Table 2) of the
small reservoirs analysed to give clearer figures on the
scale of the small reservoirs. The other 3 reservoirs are
real reservoir whose capacity are at least 10 million m3,
which therefore their locations are determined by some
factors that are also mentioned by the reviewer 1.

4. The conclusions need to be specifically described in
this study for uncertainties and new findings.

The uncertainties will include the location of rainfall
stations, and on the completeness on the data itself. It
is suggested that the analysis be performed for shorter
time period e.g. weekly basis to capture the high
variation in the rainfall (temporal and spatial).




w

—
[e>BNNeIEN o)WV, B N

11
12

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

39
40

41

42
43
44

B 'vater MPY

Article
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Bodri-Kuto Watershed Based on Spatial Monthly SPI
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Abstract: Despite efforts to develop and conserve water resources, almost every year during the
dry season, some areas in Central Java province in Indonesia still experience lack of water,

especially in rural villages. These areas require water supply via water trucks and/or portable
pumps to obtain water from rivers and groundwater. The Central Java government committed to
implementing a program involving the construction of 1000 small reservoirs by 2020 to overcome
water shortages. However, the technically ideal sites are mostly privately owned, which requires
lengthy and costly land acquisition. To avoid the uncertainty of land acquisition, some small

reservoirs were placed on state-owned land, which did not require land acquisition. The shift from
technically ideal sitesconsideration on putting more emphasize to available state-owned land

rather than technicallyideat-sitefor the constructiorrof snmati reservoirs put into questionraise the

issue on the location suitability of those reservoirs. In this study, we evaluated the suitability of the
location of small reservoirs in the Bodri-Kuto Watershed using the monthly standardized
precipitation index (SPI). We used rainfall records of 25 stations in the watershed from 2000 to 2016
and analyzed yearly and monthly rainfall data. The yearly analysis shows that the dry conditions
(SPI < -0.5) from 2005 to 2009 affected more than half of rainfall stations (>50%), whereas the
rainfall stations that experienced more dry years included Kedung Wungu, Babadan, Bojong,
Ketapang, Sekopek, and Podowaras (more than 9 out of 17 years). The monthly SPI shows that
during July, August, and September, all the rainfall stations experience moderately dry or worse
conditions (SPI < —0.50). Using 25 rainfall stations, we determined the spatial spread of dry
conditions using monthly SPI values from July, August, and September. Overlay of the spatial
spread of dry conditions with the location of small reservoirs can be used to evaluate the suitability
of small reservoir locations. We found that 1 (3%) location is very suitable, 7 (21%) locations are
suitable, 24 (73%) locations are moderately suitable, and 1 (3%) location is less suitable. The
findings indicate that spatial distribution of SPI can be used as an additional criterion for
evaluating the suitability of small reservoirs’ locations should technically ideal locations be

unavailable.

Keywords: SPI; drought index; Bodri-Kuto watershed; location suitability

1. Introduction

Since the issuance of water resources law No. 7/2004 as modified by law No. 17/2019 in
Indonesia, the development of water resources has been intense, including efforts to conserve and
develop water resources, implementing programs for mitigating water-related disasters, water
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Location Suitability for Small Reservoirs at Bodri-Kuto River Basin Based on Spatial
Monthly SPI

Despite efforts to develop and conserve water resources, almost every year during
the dry season, some areas in Central Java province in Indonesia still experience
lack of water, especially in rural villages. These areas require water supply via
water trucks and/or portable pumps to obtain water from rivers and groundwater.
The Central Java government committed to implementing a program involving the
construction of 1000 small reservoirs by 2020 to overcome water shortages.
However, the technically ideal sites are mostly privately owned, which requires
lengthy and costly land acquisition. To avoid the uncertainty of land acquisition,
some small reservoirs were placed on state-owned land, which did not require land
acquisition. The consideration on putting more emphasize to state-owned land
rather than technically ideal site for the construction of small reservoirs raise the
issue on the location suitability of those reservoirs. In this study, we evaluated the
suitability of the location of small reservoirs in the Bodri-Kuto river basin using
the monthly standardized precipitation index (SPI). We used rainfall records of 25
stations in the river basin from 2000 to 2016 and analyzed yearly and monthly
rainfall data. The yearly analysis shows that the dry conditions (SPI < —0.5) from
2005 to 2009 affected more than half of rainfall stations (>50%), whereas the
rainfall stations that experienced more dry years included Kedung Wungu,
Babadan, Bojong, Ketapang, Sekopek, and Podowaras (more than 9 out of 17
years). The monthly SPI shows that during July, August, and September, all the
rainfall stations experience moderately dry or worse conditions (SPI < —0.50).
Using 25 rainfall stations, we determined the spatial spread of dry conditions using
monthly SPI values from July, August, and September. Overlay of the spatial
spread of dry conditions with the location of small reservoirs can be used to
evaluate the suitability of small reservoir locations. We found that 1 (3%) location
is very suitable, 7 (21%) locations are suitable, 24 (73%) locations are moderately
suitable, and 1 (3%) location is less suitable. The findings indicate that spatial
distribution of SPI can be used as an additional criterion for evaluating the
suitability of small reservoirs’ locations should technically ideal locations be
unavailable.
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Dear Reviewer 1.

Thank you very much for reminding me on the point that | missed to responds.

In the 2nd revised paper, | already provide the figure on larger scale accompanying previous Figure 1. | hope that
will provide the answer. Thank you very much.

Best Regards
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Abstract: Despite efforts to develop and conserve water resources, almost every year during the
dry season, some areas in Central Java province in Indonesia still experience lack of water,
especially in rural villages. These areas require water supply via water trucks and/or portable
pumps to obtain water from rivers and groundwater. The Central Java government committed to
implementing a program involving the construction of 1000 small reservoirs by 2020 to overcome
water shortages. However, the technically ideal sites are mostly privately owned, which requires
lengthy and costly land acquisition. To avoid the uncertainty of land acquisition, some small
reservoirs were placed on state-owned land, which did not require land acquisition. The
consideration on putting more emphasize to state-owned land rather than technically ideal site for
the construction of small reservoirs raise the issue on the location suitability of those reservoirs. In
this study, we evaluated the suitability of the location of small reservoirs in the Bodri-Kuto river
basin using the monthly standardized precipitation index (SPI). We used rainfall records of 25
stations in the river basin from 2000 to 2016 and analyzed yearly and monthly rainfall data. The
yearly analysis shows that the dry conditions (SPI < -0.5) from 2005 to 2009 affected more than half
of rainfall stations (>50%), whereas the rainfall stations that experienced more dry years included
Kedung Wungu, Babadan, Bojong, Ketapang, Sekopek, and Podowaras (more than 9 out of 17
years). The monthly SPI shows that during July, August, and September, all the rainfall stations
experience moderately dry or worse conditions (SPI < -0.50). Using 25 rainfall stations, we
determined the spatial spread of dry conditions using monthly SPI values from July, August, and
September. Overlay of the spatial spread of dry conditions with the location of small reservoirs
can be used to evaluate the suitability of small reservoir locations. We found that 1 (3%) location is
very suitable, 7 (21%) locations are suitable, 24 (73%) locations are moderately suitable, and 1 (3%)
location is less suitable. The findings indicate that spatial distribution of SPI can be used as an
additional criterion for evaluating the suitability of small reservoirs” locations should technically
ideal locations be unavailable.

Keywords: SPI; drought index; Bodri-Kuto river basin; location suitability

1. Introduction

Since the issuance of water resources law No. 7/2004 as modified by law No. 17/2019 in
Indonesia, the development of water resources has been intense, including efforts to conserve and
develop water resources, implementing programs for mitigating water-related disasters, water

Water 2020, 12, x; doi: FOR PEER REVIEW www.mdpi.com/journal/water


mailto:suharyanto@lecturer.undip.ac.id
mailto:novieharjanti@gmail.com
http://www.mdpi.com/journal/water

Water 2020, 12, x FOR PEER REVIEW 15 of 15

21.

22.

23.

ESRI. Understanding interpolation analysis. 2012.
(http://resources.arcgis.com/en/help/main/10.1/index.html1#//003100000008000000).

Cavus, Y.; Aksoy, H. Spatial Drought Characterization for Seyhan River Basin in the Mediterranean
Region of Turkey. Water 2019, 11, 1331, d0i:10.3390/w11071331.

Espinosa, L.A.; Portela, M.M.; Pontes Filho, J.D.; Studart, TM.D.C.; Santos, ]J.F.; Rodrigues, R. Jointly
Modeling Drought Characteristics with Smoothed Regionalized SPI Series for a Small Island. Water 2019,
11, 2489, doi:10.3390/w11122489.

© 2020 by the authors. Submitted for possible open access publication under the terms
@ ® and conditions of the Creative Commons Attribution (CC BY) license

(http://creativecommons.org/licenses/by/4.0/).



8. Paper accepted (14-3-2020)



8/5/2020 Email - Outlook

[Water] Manuscript ID: water-717922 - Accepted for Publication

nina.yang@madpi.com <nina.yang@mdpi.com>
atas nama

Nicole Ma <nicole.ma@mdpi.com>

Sab 14/03/2020 10.46

Kepada:
Cc

Dear Dr.,

We are pleased to inform you that the following paper has been officially
accepted for publication:

Manuscript ID: water-717922

Type of manuscript: Article

Title: Location Suitability for Small Reservoirs at Bodri-Kuto Watershed
Based on Spatial Monthly SPI

Authors:

Received: 28 January 2020
E-mails:

Submitted to section: Water Use and Scarcity,
https://www.mdpi.com/journal/water/sections/Water Use Scarcity
https://susy.mdpi.com/user/manuscripts/review info/4281e3d90432238c56fd9c1be9ba9c9b

We will now make the final preparations for publication, then return the
manuscript to you for your approval.

If, however, extensive English edits are required to your manuscript, we will
need to return the paper requesting improvements throughout.

We encourage you to set up your profile at SciProfiles.com, MDPI's
researcher network platform. Articles you publish with MDPI will be linked to
your SciProfiles page, where colleagues and peers will be able to see all of
your publications, citations, as well as your other academic contributions.

We also invite you to contribute to Encyclopedia (https://encyclopedia.pub),
a scholarly platform providing accurate information about the latest research
results. You can adapt parts of your paper to provide valuable reference
information for others in the field.

Kind regards,

Nina Yang

Managing Editor

E-mail: nina.yang@mdpi.com

MDPI Branch Office, Beijing
Water Editorial Office


Han Aylie
Highlight


8/5/2020 Email - Outlook

E-mail: water@mdpi.com
Twitter: @Water_MDPI
http://www.mdpi.com/journal/water

MDPI

St. Alban-Anlage 66
4052 Basel
Switzerland

Disclaimer: The information and files contained in this message are
confidential and intended solely for the use of the individual or entity to
whom they are addressed. If you have received this message in error, please
notify me and delete this message from your system. You may not copy this
message in its entirety or in part, or disclose its contents to anyone.



9. Author requested title adjustments (17-3-2020)



8/4/2020 Email - Outlook

Bls: [Water] Manuscript ID: water-717922 - Accepted for Publication

Sel 17/03/2020 13.13

Kepada: Nicole Ma <nicole.ma@mdpi.com>; Water Editorial Office <water@mdpi.com>

Dear Miss Nicole,
Thank you very much for the notification on that my paper is accepted for publication.

Meanwhile, may | ask for the notification mention the new title of my paper which change
the word "Watershed" into "River basin".

Thank you very much.

Sincerely Yours


Han Aylie
Highlight

Han Aylie
Highlight


10. Adjustments approved (17-3-2020)



8/4/2020 Email - Outlook

Re: Bls: [Water] Manuscript ID: water-717922 - Accepted for Publication

Ms. Nicole Ma/MDPI <nicole.ma@mdpi.com>
Sel 17/03/2020 13.22

Kepada:
Cc: water@mdpi.com <water@mdpi.com>

Dear Dr.,

Thank you very much for your reply. We have changed the word "Watershed"
into "River basin" in your paper's title. Your paper is undergoing the
final check and will be published on the receipt of the APC amount.

Thank you very much for your support of open access publishing and Water
journal. We look forward to hearing from you.

Kind regards,

Ms. Nicole Ma

Assistant Editor, MDPI

Water (http://www.mdpi.com/journal/water)

We invite you to follow us on Twitter @Water_MDPI

The 8th World Sustainability Forum https://sciforum.net/conference/WSF-8
will be held from 15-17 September 2020 in Geneva, Switzerland.
Abstract Submission are now open: http://sci.fo/60c

Meet us at the The EGU General Assembly 2020 in Vienna, Austria, 3-8 May
2020 at booth #37


Han Aylie
Highlight


ﬁ water m\py

Article

Location Suitability for Small Reservoirs

at the Bodri-Kuto River Basin Based on Spatial
Monthly SPI

Correspondence:

check for
Received: 28 January 2020; Accepted: 14 March 2020; Published: 1 April 2020 updates

Abstract: Despite efforts to develop and conserve water resources, almost every year during the dry
season, some areas in Central Java province in Indonesia still experience a lack of water, especially in
rural villages. These areas require water supply via water trucks and/or portable pumps to obtain
water from rivers and groundwater. The Central Java government committed to implementing a
program involving the construction of 1000 small reservoirs by 2020 to overcome water shortages.
However, the technically ideal sites are mostly privately owned, which requires lengthy and costly
land acquisition. To avoid the uncertainty of land acquisition, some small reservoirs were placed on
state-owned land, which did not require land acquisition. The consideration of putting more emphasis
on state-owned land rather than technically ideal sites for the construction of small reservoirs raise the
issue on the location suitability of those reservoirs. In this study, we evaluated the suitability of the
location of small reservoirs in the Bodri-Kuto river basin using the monthly standardized precipitation
index (SPI). We used rainfall records of 25 stations in the river basin from 2000 to 2016 and analyzed
yearly and monthly rainfall data. The yearly analysis shows that the dry conditions (SPI < —0.5)
from 2005 to 2009 affected more than half of the rainfall stations (>50%), whereas the rainfall stations
that experienced more dry years included Kedung Wungu, Babadan, Bojong, Ketapang, Sekopek,
and Podowaras (more than 9 out of 17 years). The monthly SPI shows that during July, August,
and September, all the rainfall stations experience moderately dry or worse conditions (SPI < —0.50).
Using 25 rainfall stations, we determined the spatial spread of dry conditions using monthly SPI
values from July, August, and September. Overlay of the spatial spread of dry conditions with
the location of small reservoirs can be used to evaluate the suitability of small reservoir locations.
We found that 1 (3%) location is very suitable, 7 (21%) locations are suitable, 24 (73%) locations
are moderately suitable, and 1 (3%) location is less suitable. The findings indicate that the spatial
distribution of SPI can be used as an additional criterion for evaluating the suitability of small
reservoirs’ locations should technically ideal locations be unavailable.

Keywords: SPI; drought index; Bodri-Kuto river basin; location suitability

1. Introduction

Since the issuance of water resources law No. 7/2004 in Indonesia, as modified by law
No. 17/2019, the development of water resources has been intense, including efforts to conserve
and develop water resources, as well as implementing programs for mitigating water-related disasters,

Water 2020, 12, 993; doi:10.3390/w12040993 www.mdpi.com/journal/water



Water 2020, 12, 993 14 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

Tshiabukole, K.; Khonde, P.; Muku, M.; Vumilia, K.; Lunekua, K.; Kankolongo, M. Influence of Climate
Variability on Seasonal Rainfall Patterns in South-Western DR Congo. Open Access Libr. ]. 2016, 3, €2952.
[CrossRef]

Smakhtin, V.U.; Schipper, E.L.F. Droughts: The impact of semantics and perceptions. Water Policy 2008, 10,
131-143. [CrossRef]

Hao, Z; Singh, V.P. Drought characterization from a multivariate perspective: A review. J. Hydrol. 2015, 527,
668-678. [CrossRef]

Svoboda, M.D.; Fuchs, B.A.; Poulsen, C.C.; Nothwehr, J.R. The drought risk atlas: Enhancing decision
support for drought risk management in the United States. . Hydrol. 2015, 526, 274-286. [CrossRef]
Temam, D.; Uddameri, V.; Mohammadi, G.; Hernandez, E.A.; Ekwaro-Osire, S. Long-Term Drought Trends
in Ethiopia with Implications for Dryland Agriculture. Water 2019, 11, 2571. [CrossRef]

Spinoni, J.; Naumann, G.; Carrao, H.; Barbosa, P.; Vogt, ]. World drought frequency, duration, and severity
for 1951-2010. Int. J. Climatol. 2013, 34, 2792-2804. [CrossRef]

Hou, Y.Y;; He, Y.B.; Liu, Q.H.; Tian, G.L. Research progress on drought indices. China J. Ecol. 2007, 26,
892-897.

Sayari, N.; Bannayan, M.; Alizadeh, A.; Farid, A. Using drought indices to assess climate change impacts on
drought conditions in the northeast of Iran (case study: Kashafrood basin). Meteorol. Appl. 2013, 20, 115-127.
[CrossRef]

Saada, N.; Abu-Romman, A. Multi-site Modeling and Simulation of the Standardized Precipitation Index
(SPI) in Jordan. J. Hydrol. Reg. Stud. 2017, 14, 83-91. [CrossRef]

Setiawan, A.M.; Lee, W.S.; Rhee, J. Spatio-temporal characteristics of Indonesian drought related to El Nifio
events and its predictability using the multi-model ensemble. Int. J. Climatol. 2017, 37, 4700-4719. [CrossRef]
Utami, D. Prediksi Kekeringan Berdasarkan Standardized Precipitation Index (SPI) Pada Daerah Aliran
Sungai Keduang Di Kabupaten Wonogiri. Matriks Tek. Sipil 2013, 1, 84.

Mamad, T. Mengestimasi Tingkat Kekeringan Menggunakan SPI (Standardized Precipitation Index). Institut
Teknologi Bandung. Available online: https:/mamadtama.wordpress.com/2014/04/19/mengestimasi-tingkat-
kekeringan-menggunakan-spi-standardized-precipitation-index/ (accessed on 19 September 2017).

Fisher, N.I; Lewis, T.; Embleton, B.].]. Statistical Analysis of Spherical Data; Cambridge University Press:
Cambridge, UK, 1987; p. 329.

Wilson, E.M. Engineering Hydrology, 3rd ed.; Macmillan Press: London, UK, 1983; p. 27.

Parvin, I; Saleh, A.F.M. Assessment of Agricultural Drought in 2006 Aman Season and Its Management by
the Farmers: A Case Study in Rajshahi District Bangladesh. J. Indian Water Resour. Soc. 2013, 33, 1.

ESRI. Understanding interpolation analysis. 2012. Available online: http://resources.arcgis.com/en/help/
main/10.1/index.html#//003100000008000000 (accessed on 11 July 2019).

Cavus, Y.; Aksoy, H. Spatial Drought Characterization for Seyhan River Basin in the Mediterranean Region
of Turkey. Water 2019, 11, 1331. [CrossRef]

Espinosa, L.A.; Portela, M.M.; Pontes Filho, ].D.; Studart, T.M.D.C.; Santos, J.E; Rodrigues, R. Jointly Modeling
Drought Characteristics with Smoothed Regionalized SPI Series for a Small Island. Water 2019, 11,2489. [CrossRef]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



11. Paper accepted for publication (25-3-2020)
-Final paper



8/4/2020 Email - Outlook

Re: Bls: [Water] Manuscript ID: water-717922 - Final Proofreading Before Publication

Ms. Nicole Ma/MDPI <nicole.ma@mdpi.com>
Rab 25/03/2020 13.26

Kepada:
Cc: water@mdpi.com <water@mdpi.com>; T

Dear Dr.,

Thank you for submitting your paper to Water. Your paper is undergoing
the final check and will be published immediately on the receipt of the
APC amount.

Thank you very much for your support of open access publishing and Water
journal. In case of any questions, please feel free to contact us.

Kind regards,

Ms. Nicole Ma

Assistant Editor, MDPI

Water (http://www.mdpi.com/journal/water)

We invite you to follow us on Twitter @Water_MDPI

The 8th World Sustainability Forum https://sciforum.net/conference/WSF-8
will be held from 15-17 September 2020 in Geneva, Switzerland.
Abstract Submission are now open: http://sci.fo/60c



Han Aylie
Highlight


12. Paperpublished (1-4-2020)
- Certificate



8/4/2020 Email - Outlook

[Water] Manuscript ID: water-717922; doi: 10.3390/w12040993. Paper has been
published.

belovic@mdpi.com <belovic@mdpi.com>
atas nama

water@mdpi.com <water@mdpi.com>
Rab 01/04/2020 16.15

Kepada:

Cc: billing@mdpi.com <billing@mdpi.com>; website@mdpi.com <website@mdpi.com>; water@mdpi.com
<water@mdpi.com>; nicole.ma@mdpi.com <nicole.ma@mdpi.com>

Dear Authors,

We are pleased to inform you that your article "Location Suitability for
Small Reservoirs at the Bodri-Kuto River Basin Based on Spatial Monthly SPI"
has been published in Water and is available online:

Abstract: https://www.mdpi.com/2073-4441/12/4/993

PDF Version: https://www.mdpi.com/2073-4441/12/4/993/pdf

The meta data of your article, the manuscript files and a publication

certificate are available here (only available to corresponding authors after

login):

https://susy.mdpi.com/user/manuscripts/review info/4281e3d90432238c56fd9¢c1be9ba9c9b

Please take a moment to check that everything is correct. You can reply to
this email if there is a problem. Note that at this stage we will not accept
further changes to the manuscript text.

To encourage open scientific discussions and increase the visibility of
published articles, MDPI recently implemented interactive commenting and
recommendation functionalities on all article webpages (side bar on the
right). We encourage you to forward the article link to your colleagues and
peers.

We encourage you to set up your profile at www.SciProfiles.com, MDPI's
researcher network platform. Articles you publish with MDPI will be linked to
your SciProfiles page, where colleagues and peers will be able to see all of
your publications, citations, as well as your other academic contributions.
Please also feel free to send us feedback on the platform that we can improve
it quickly and make it useful for scientific communities.

You can also share the paper on various social networks by clicking the links
on the article webpage. Alternatively, MDPI can post an announcement of your
article on our Twitter channel (https://twitter.com/MDPIOpenAccess), please
provide the doi number of the manuscript and a text of up to 117 characters
with spaces to socialmedia@mdpi.com. Please note that our service
Scitations.net will automatically notify authors cited in your article. For

further paper promotion guidelines, please refer to the following link:
https://res.mdpi.com/data/paper_promotion tips.pdf

We would be happy to keep you updated about new issue releases of water.

https://outlook.office.com/mail/inbox/id/AAQKADRIZTQyNTImLWMwMjktNDdIOC1iMmJjLTY5NDg2MjgxY WUOOAAQAARISVYJZKpDj8aFPFXDal... 1/2


Han Aylie
Highlight


8/4/2020 Email - Outlook

Please enter your e-mail address in the box at
https://www.mdpi.com/journal/water/toc-alert/ to receive notifications. After
issue release, a version of your paper including the issue cover will be
available to download from the article abstract page.

To order high quality reprints of your article in quantities of 25-1000,
visit: https://www.mdpi.com/2073-4441/12/4/993/reprints

We support the multidisciplinary preprint platform /Preprints/, which
permanently archives full text documents and datasets of working papers in
all subject areas. Posting on the platform is entirely free of charge, and

full details can be viewed at http://www.preprints.org.

We are dedicated to providing an outstanding publishing service, and we
invite you to complete our author satisfaction survey
https://www.surveymonkey.com/r/authorfeedback2019. The survey contains 20
short questions and will only take a couple of minutes to complete.

Thank you for choosing Water to publish your work, we look forward to
receiving further contributions from your research group in the future.

Kind regards,

MDPI

Postfach, CH - 4020 Basel, Switzerland

Office: St. Alban-Anlage 66, 4052 Basel, Switzerland
Tel. +41 61 683 77 34

Fax: +41 61 302 89 18

E-mail: website@mdpi.com
https://www.mdpi.com/




) CITESCORE YWl | [2/Xeu s
Indexed in:
T Ei Common 3.0 FACTOR
. Wate SEWA scorus 2.544

an Open Access Journal by MDPI

CERTIFICATE OF PUBLICATION

Certificate of publication for the article titled:

Location Suitability for Small Reservoirs at the Bodri-Kuto River Basin Based on Spatial
Monthly SPI

Authored by:

Published in:
Water 2020, Volume 12, Issue 4, 993

/
M D PI Academic Open Access Publishing
since 1996
/

Basel, August 2020




	1. Proofread document received (18-12-2019)
	2. Submitted to the journal “WATER” (28-1-2020)
	3. First revision: Accepted with major revision (12-2-2020)
	4. The author’s request for a postponement of time due to 
the many revisions (2-3-2020)
	5. Revised version received (3-3-2020)
	6. Second revision: Minor revisions (7-3-2020)
	7. Second revision submitted (12-3-2020)
	8. Paper accepted (14-3-2020)
	9. Author requested title adjustments (17-3-2020)
	10. Adjustments approved (17-3-2020)
	11. Paper accepted for publication (25-3-2020)
	12. Paper published (1-4-2020)



