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ABSTRACT

From the results of previous studies stating that the watershed Gumbasa there has been a change in climate,
discharge models used in calculating the availability of water in a watershed used the model MockWyn-UB
Studies conducted Gumbasa watershed has an area of 1229.43 km? with AW LR outlet Gumbasa River.Based on
the analysis, the relationship between the discharge of models and the discharge observation forming a uniform
pattern except in 2013 which discharge higher models of discharge observation. The correlation coefficient
between the discharge and the discharge observation models do not qualify so the calibration data using the
facility solver is not done. Thus the calibration is done using the Root Mean Square Error (RMSE). RMSE value
MockWyn-UB acquired 3.10%. While the results of the analysis models Mock RMSE values obtained 8.03
%.Comparison between the using of model FJ. Mock and model MockWyn-UB with using test parameters
RMSE statistics showed an error rate MockWyn-UB models better than models FJ. Mock. Model MockWyn-
UB do not optimal if applied in the watershed Gumbasa, this is caused by the presence of Lake of Lindu are

located in the basin Gumbasa.

Keywords: FJ. Mock, Gumbasa Watershed, Lake Lindu, MockWyn UB, RMSE.

I. INTRUDUCTION

The condition of the rainy season and the
dry season in the last few years is no longer in
accordance with the conditions that existed before.
This is influenced by the existence of global
warming due to greenhouse effect so that the air
temperature of the earth has increased significantly,
this phenomenon is called climate change.With the
climate change, will affect the hydrological
processes that occur in the watershed. Gumbasa
watershed is part of the Palu watershed area of
1229.43 km? has tipped in Masomba mountain,
Mount Nokilalaki and Lake of Lindu. With a large
area Watershed Gumbasa also do not immune from
climate change. Given that climate change will
certainly affect the availability of water and
hydrologic conditions that occurred in the river
basin. When this has been a lot of modeling
discharges that have been found by Hydrologists
including model of FJ. Mock 1973[1], NRECA
Model[2],Model Nugroho[3], Model MockWyn-UB
[4] of the many modeling discharge mentioned
above, only one model that incorporate climate
change parameters in calculating the availability of
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water in a river basin. That is the model MockWyn-
UB. This discharge models by Sutapa, .Wayan [4]
is a model of the balance of water / rain water flow
balance climate simulations based on development
of the model FJ. Mock [1] by the model name
MockWyn-UB. This research was carried out by
inserting a natural phenomenon that occurs at this
time these as a novelty in this study such as climate
change, canopy interception, rainfall distribution
based on land use, soil type and soil characteristics.
Model Mockwyn-UB a new debit calculation d.To
prove the reliability it needs to be applied in other
watersheds, which has wide and different
characteristics of the watershed Previous.

I1. RESEARCH METHODS

The location this research lies in the
watershed of Gumbasa is part of the watershed area
of Palu have 1229,43 km? at Masomba mount,
Nokilalaki mount dan Lake Lindu. Geographically
situated the River watershed Gumbasa between 01°
01’ LS — 01° 21°LS and 119°56° BT — 120°19> BT.
The location study can be seen in the map below:
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Figure 1. Location of research

The type of data used in this study
consisted of primary data and secondary data. The
primary data in the form of soil samples doing in
Kapiroe Village, Village Tongoa and Sintuwu,
Secondary data consists of: 1) the data of
precipitation at the station Bora, Bangga Low,
Kulawi, Palolo, Wuasa (2002-2015); 2) data of
climatology at stations Bora (2002-2015); 3) data of
discharge Gumbasa river; 4) map of the earth
Indonesia; 5) map of land use (2015). Data
collection techniques in this research refers to
research that has been done by | Wayan Sutapa
(2013).

The data used as input in the modeling of the

discharge was analyzed in the following methods:

a. Detection of the presence or absence of climate
trends and make projections of climate change.
In this study the above step, not done because

FP=Fzaf
Ly, e Lar

previous research has shown that in the region
there has been a climate change.

b. Analysis of average rainfall watershed using
methods Theissen [5,6] caused rainfall data is
not uniform, the calculate of rain continued net
based with land cover using an research dunne
and Leopold [7]

c. Calculate potential evapotranspiration with
using the Penman Monteith [8]

d. The calculated water balanced with use model
of MockWyn UB[4]

e. Result calibration model the discharge of
MockWyn UB with data AWLR at Gumbasa
river, the using of method of statistic Root
Mean Square Error[9]

The tank model of MockWyn UB can be seen in

Figure 2.
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Figure 2. Tank model of MockWyn UB[1]

111.RESULT AND DISCUSSION
3.1 Deposits of groundwater

The primary data in the form of soil
samples and vegetation based on the existing land

WWW.ijera.com 95|Page



Siddharth Bhandari. Int. Journal of Engineering Research and Application
ISSN : 2248-9622, Vol. 1, Issue 1, Sep.2016, pp.00-00

WWW.ijera.com

is: open

land, gardens and forests mix. Soil

sampling was conducted on March 27, 2016 in the
village Kapiroe, villages Tongoa and Sintuwu. Soil

samples are then analyzed

in Soil

Mechanics

Laboratory University of Tadulako to determine the

soil

Table 1. Water content of soil

moisture content at each
Groundwater

levels are

layer
described

No | Location of | Subsoil Thick Water Content Water content | Thick of water

Sample (mm) content | weight of soil | volumetric (%0) | content (mm)
(%) (gr/cm®)

1 TP 01 | Layer of surface | 150 2326 1151 26.77 40.16
(garden) Layer of root 650 20.59 1440 29.65 192.72
Village  of | Layer of moist | 500 9.23 1514 13.97 69.87
Sintuwu Average 199.92

2 TP 02 | Layer of surface | 150 16.20 1250 20.25 30.37
(Forest) Layer of root 650 9 85 1544 1521 98.85
Village  of | Layer of moist | 500 895 1682 1505 7527
Tongoa Average 68.16

3 TP 03 (Land | Layer of surface | 150 2537 1721 43.66 43.66
open) Layer of root 650 2234 1672 37.35 186.76
Village  of | Layer of moist | 1000 2578 1779 45 86 45862
Kapiroe Average 229.68

Average 132.92

The results of analysis initial deposit groundwater is
4556 mm, while the maximum water savings is
calculated using the method of De Laat[10]be
obtained 186.67 mm.

3.2 Awerage rainfall

of soil.

in Table 1

The method used to calculate the average rainfall
is a method of Thiessen[5,6], this method is used if

the spread of rainfall stations
uneven. Data from the average

in the table 2

in areas of interest
rainfall can be seen

Table 2. Average of Precipitation

No | Month Average Rainfall Data Year 2002 (Station) Precipitation Method of Thiessen (Station) Precipitation
Bora | Kulawi | Palolo | Bangga B | Wuasa | Bora Kulawi Palolo BanggaB | Wuasa | Region (mm )

1 January 110.00 | 133.10 | 9.80 90.60 106.00 | 7513.00 | 42005.029 | 1750.28 | 25343.54 22473.06 | 93.99

2 | February | 9.70 3430 0.00 2490 7560 | 662.51 | 10824.737| 0 6965.277 16027.96 | 32.71

3 March 44.10 | 33630 | 7190 [340 243.80 | 3012.03 | 106132.92 | 1284134 | 951.082 51688.04 | 165.64

4 | April 0.00 43520 | 21130 0.00 12530 | 0.00 137344.77 | 37738.18 | O 26564.85 | 19127

5 May 145.60 | 193.00 | 8430 | 42.00 124.90 | 9944.48 | 60908.87 | 1505598 | 11748.66 26480.05 | 117.75

6 | June 127.00 | 128.10 | 10030 | 259.50 15590 | 8674.10 | 40427.079 | 1791358 | 72589.94 3305236 | 163.78

7 | Tuly 135.00 | 102.00 | 7490 | 107.20 23.70 | 9220.50 | 32190.18 | 13377.14 | 29987.06 5024.637 | 85.18

§ | August 20.00 | 6120 119.50 | 36.70 5540 | 1366.00 | 19314.108 | 21342.7 | 10266.09 1174535 | 60.74

9 | September | 0.00 12120 | 5260 | 121.80 196.20 | 0.00 38249.508 | 939436 | 34071.11 4159636 | 116.97

10 | October 5.00 8940 5.90 83.40 2450 | 341.50 | 28213.746 | 1053.74 | 2332948 5194.245 | 55.14

11 | November | 0.00 195.60 | 23.00 | 184.30 109.40 | 0.00 61729404 | 41078 51554.24 23193.89 | 13335

12 | December | 126.80 | 181.70 | 4820 | 5530 198.80 | 866044 | 57342703 | 8608.52 | 15469.07 4214759 | 12543

3.3 Potential evapotrans piration

Potential evapotranspiration calculated by Penman
Monteith method [8] is based on climatology data
Bora station for observation period 2002-2015.

Tabel 3. Evapotranspiration of potential

Year | January February March April May June July August September October | November December
2002 105.41 90.70 101.96 115.78 108.19 80.81 124.85 129.91 112.76 126.85 113.66 119.41
2003 99.35 87.73 95.43 100.33 111.68 115.83 94.30 92.64 97.04 38.38 110.83 47.30
2004 107.29 90.23 107.84 | 103.57 110.88 102.95 98.29 126.79 116.43 131.74 118.90 117.39
2005 106.28 96.57 130.84 104.59 106.91 101.99 100.42 127.74 102.38 118.24 96.49 84.18
2006 98.27 99.79 110.63 103.58 119.81 9331 11528 | 121.17 114.74 124.63 111.81 108.22
2007 91.54 102.40 99.71 99.89 110.58 60.37 74.70 84.76 105.91 92.09 24.40 89.19

Tabel 3. Evapotranspiration of potential (Continued)
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Year | January February | March April May June July August September October November December
2008 101.05 80.76 91.53 89.93 64.28 33.50 35.48 37.40 39.39 42.36 39.77 40.65
2009 96.60 71.81 103.33 106.59 | 104.49 82.46 110.32 121.43 39.39 42.36 39.77 40.65
2010 99.82 110.53 119.58 91.27 108.25 100.74 93.49 94.02 119.08 113.09 117.15 64.65
2011 100.57 72.37 86.94 90.04 107.52 97.75 88.86 113.75 103.45 125.05 108.48 9157
2012 97.43 73.29 116.16 122,95 | 13412 | 101.58 | 108.35 | 138.61 143.82 139.37 12457 119.85
2013 110.72 112.22 134.38 113.70 | 11357 | 105.76 80.05 110.57 127.01 135.50 121.03 114.47
2014 80.95 158.74 135.33 126.34 | 113.38 99.03 133,53 | 124.55 145,53 156.62 120.12 41.70
2015 95.45 98.53 107.65 102.27 109.65 86.46 120.67 134.23 128.59 36.63 114.69 104.97

3.4 Discharge of MockWyn UB
Calculation of net rainfall is the average monthly precipitation fell in each land located in the watershed of
Gumbasa.

|
’
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Mixed Land Garden
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/~\£ P Lake Of Lindu

- - - - - -

Figure 3. Land use

Table 4. Area of Land Use

No Land Use Unit Area
1 | Forest land Km? | 955.85
2 | Mixed land Gardens | Km? | 113.28
3 | Land Open Km? | 103.91
4 | River and Lake Km? 56.39

Amount 1229.43

The results of analysis of net rainfall Gumbasa for watershed areas, so that the flow rate calculation MockWyn -
UBJ1] can be done. The simulation model MockWyn UB models can be seen in Table 5
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Table 5. Simulation of discharge model

MockWyn UB in Year 2002

No. Explanation Unit Exp Jan Peb Mar Apr | May Jun Jul Aug Sep Oct Nov Des Year
[ VEGETATION
1 forest land (LHT) km? 955 85
2 | Mied Land gadens (LKC) km® 138 =
3 Land apen (LLT) km* 103,91 =
4 AreaofWatershed (LDAS) km® 178. 43
11 Rain & EVAPOTRANSPIRATION
5 | The average monthly rainkll (F) | mm/mth data we [ 821 | wsee | wz [ ws | oesm | s | sowm | new | s | s | 154 | sum
E:‘i:;;?aa”;””‘h'y rainbll ). oty 120 mm | mzs | wew | ms | waw | wes | w2z | e | wom | e | enm | os0s | mOH
6 | Raininthe forest (PHT) mm/mth cont | 8163 | A0S | iss | iB4s | woass | 15280 | mar | seer | a3 | s4s | 14 | woz | rm2m
7 Raininthe gardes mixed (PKC) mm/mth count 1033 382 183l 215 1302 1811 9.42 672 1293 GI0 144 1387 148 38
8 | Rainintheopenland (PLT) mm/mth count 95 3% | s | ma0 | um | 6m BB | &I nes | ss | s | oem | i
o | Rainnetinthe forest (PNHT) mm /mth ot | 7B | miz | wo | wo | wer | me | me | s | ®® | e | wsz | w7 | wos
=0,886P + 0,088
Rain net in the gar den mix
t
10 | NKD)-0.925+0.333 mm/mth coun 95 368 mz | wm | vz | mm | am | &S | iz | osw o | oew | @6 | owa
11 | Rainnetonopenland (PNIT) mm/mth count 95 3% | &8 | ma0 | um | em BB | &I nes | ss | s | ozm | i
12 | Totalrainfallnet (IPN) mm/mth cot | BB | iz | o | w4 | 2% | w6 | s | e | imwm | w3 | wsz | 1mes | 1se6s
13 (EEVTE'J;“"S”““""”f"”tE“'”a' mm/mth count w54 | mm | o | us® | s | sm | imss [ ima | wem | 1mss | nzes | naa | 1m0
0
14 Evapotranspirastion actual (ETA)
TPN > Hothen ETA= ETo mm/mth count e | nsm | weis | s 1127 n3gs | n34 | w257
PN <Ho then ETA=TPN+AM | mm/mth cont | 9E | BB 1247 | a2 115 35 52.12
111 | WATER BALANCED
15 | The diference between TRN mm/mth (2-09 | 815 | B [ 6902 | 872 [ 13% 835 | 36 | 89 817 | 6362 | %16 103
WITH nETa (S = TPN- ETo)
16a | The loss of potential water mm/mth count 405 | s | oo | oom | om | oo | & | 889 | om | s962 | om | oo
16b | Accumubtion ofpotentialwater | ot | 815 | wm | oo | cw | ow | ow | e | omsm | ww | wme | oo | ow
loss (APWL)
Soilmoisture SM =SMC.e *-
cont | (BT | 3@ | 8867 | 867 | 85E | 18887 | 153 | i | eeEr | 1B | wes | e
17 (APWL/ MD) mm/mth
18 | The Cgane of SoilMoistre (ASM) | mm/mth count no | 4672 | sm | oo | ow | om | s3® | 46D | mwm [ s | @1 | oo
19 | Deficit WD =T - HA) mm/mth | 03-04) | 815 9.8 - - - - 33 | @ - 1 - - 5360
20 | Moisture of Water WS) mm/mth Bount nm oo | eaiz | o872 | s | @ [ om | oo g7 | om | me | oz | msw
IV | STORAGEDF SOIL & WAT ER RUNOFF
21 factor (In) Value 0.2 -0.5 0.500 data
22 factor (k)ValeD.4s/d 07 0.700 data
23 | Infilration (= . WS) Mm/mh | (Dx@ | om oo | s | 48 | 87 | 4 | om | om 4l | oo | r2m 512
24 | B=050+k)x! mm/mth hitung 10 o | B3 | %% | 8% | ¥s | ow | oo 34 | oo | w0z 43
25 | L=k V@) mm/mth nt | 383 | 232 | 1563 | as0 | 463 | w48 | sez | ®wB | mH | mr | ww | no
26 | Volme peryimpanan(n=6+0) | mm/mth | B+® | 38 | 232 | 400 | BB | S22 | mm | s62 | ®B | BEH | D1 | ma | 24
27 | Changes saved (W = (V- Vn) mm/mth funt | 1367 95 | -mes | 1B | 4 28 | mr | 165 4 | 868 | 4D 297 | m2
28 | Base fow (BF=1+AVn) mm/mth | (@D | 1387 9.5 nes | e | mes | mm | mr | wsm | ns | s | 1@ gl | mm
29 | Direct Runoff OR=WS-1) mm/mth | (D-(® | 0m oo | %% | 48 | 87 | s [ om | om 4l | oo | r2m 512 | Wigs
30 | Runoff (RO = BF+ OR) mm/mth | (BB | 138 95 | 484 | o4 | zes | ee4s | 1 | sss | ws | ses | s | 37 | se4
\% STORM RUNDFF, (SR
31 | Areas ofheavyran GR=%TPN) | % xTPN 03 B | 02 oo | ow | ocw | oow | Bas | 8w [ 0w [ mr | oo | oo | om
32 | FExessWater WSa) Smubtion | 0.0 o | sz | 74 | @s | s | oo | oo g7 | om | e | wz | mam
33 g;{m Runoff (OR =WSoc-1) + mm/mth ot | B18 | 03 | w5 | 362 | &7 | w0 | Bes | 8w | 4m [ o | 28 | se | 2w
34 | Runoff RO = BF+ DR) mm/mth | (B+@ | 4285 | w0 | a4 | som | mes | ;mE | 48 | w45 | 5w | mes | ws [ 11 | s
35 | Total Day 3 B 3 1 k] K| 3 k] K| 3 Kl 3
36 | Dischargeof Avalaible mipe | P L we | ww | am | mw | oom | oe | ms | sm | 7@ | owe [ 9 | 8 | meE
36a (F“[‘f)t”r”fﬂi“hf’rg””“””“”“ 1.000 1987 1008 232 | B® | 12m ner | mm 158l 739 nes | a4 | sm | 1mi
37 Initial Deposit (Vo) = mm 45.56
38 SME= mm 186.670 The maximum soil moistur e capacity

The accuracy of the results of a model needed to test
whether the model used to calculate a study can be
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ety | Dottt | perama
No Year P=100m/(n+1) . -
3 3 Discharge of Discharge of
( met®/sec) ( met®/sec) Storage Model Observation
1 2002 14.85 20.79 28.58% 0.07 39.32 56.07
2 2003 26.15 28.75 9.05% 0.14 3331 42.19
3 2004 13.50 23.00 41.32% 0.21 32.09 34.17
4 2005 16.06 33.50 52.07% 0.29 26.15 33.50
5 2006 14.68 23.96 38.72% 0.36 19.82 30.97
6 2007 3331 42.19 21.04% 043 18.75 28.75
7 2008 39.32 56.07 29.87% 0.50 16.06 28.74
8 2009 11.19 23.14 51.64% 0.57 14.86 26.98
9 2010 19.82 34.17 41.98% 0.64 14.68 26.64
10 | 2011 11.34 26.98 57.97% 0.71 13.63 23.96
11 | 2012 18.75 30.97 39.47% 0.79 13.50 23.14
12 | 2013 32.09 28.74 -11.68% 0.86 11.64 23.00
13 | 2014 15.15 26.64 43.14% 0.93 11.34 20.79

Graph comparison between the discharge of model with the discharge of observation can be seen in Figure 4
and Figure 5 below:
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Figure 5. Comparison between discharge of model with discharge of observation
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Table 7.Parameter of Statistic RMSE

Discharge

Discharge of

Discharge of

No. | Year of Model FJ Mock Observation RMSE RMSE
(met®fsec ) (met®fsec) (met®sec ) MockWyn-UB FJ Mock
1 2002 14.85 21.86 20.79 172 581
2 2003 26.15 39.80 28.75 0.75 11.27
3 2004 13.50 15.64 23.00 2.74 3.72
4 2005 16.06 29.43 33.50 5.04 704
5 2006 14.68 16.69 23.96 2.68 4,05
6 2007 3331 48.77 42.19 256 13.34
7 2008 39.32 52.22 56.07 483 13.68
8 2009 11.19 16.17 23.14 345 3.67
9 2010 19.82 23.91 34.17 414 571
10 2011 11.34 19.29 26.98 451 426
11 2012 18.75 39.45 30.97 353 10.37
12 2013 32.09 56.41 28.74 0.97 16.00
13 2014 15.15 22.02 26.64 3.32 540
Amount 266.21 401.66 398.91 40.24 104.33
Average 20.48 30.90 30.69 3.10 8.03

Based on the analysis, the relationship
between the discharge and the discharge observation
results of research in general form a uniform pattern
unless there is a difference in 2013. Which debit
calculation result is higher than the discharge
observation. As for the correlation coefficient
between the discharge and the discharge observation
models do not qualify so the calibration data using
the facility solver is not done. Thus the calibration is
done using Root Mean Square Error (RMSE). Value
RMSE the calibration stage is obtained 3.10 %.
While the results of analysis model of Mock at this
stage values obtained RMSE 8.03 %. The big
difference between the discharge and the discharge
observation models are affected by several things:

1. Rainfall at the station Kulawi and the station
Wuasa greater than other regions. If rainfall is
both stations combined percentages exceed the
amount of rainfall the three other stations that
would affect the calculation of regional rainfall.

2. Existence of Lake Lindu is located in the basin
Gumbasa. Lake of Lindu sub-watershed is an
area that has 623,35 k.

1V. CONCLUSION
Model of discharge MockWyn-UB do not
optimal if applied in the watershed Gumbasa. From

Www.ijera.com

the analysis of the percentage deviation between the
discharge and the discharge observation models
above average 20 %. This is caused by the presence
of Lindu Lake as a water reservoir so that when it
rains, rainwater will be collected first in Lake Lindu,
after the water of Lindu Lake full, then the runoff
occurs.However the relationship between the
discharge and the discharge observation models
forming a uniform pattern except in 2013, which is
higher than the model discharge observation so as to
determine the accuracy of the model discharge test
comparisons between models MockWyn-UB model
FJ Mock.

Calibration is done by using the Root Mean
Square Error (RMSE). MockWyn-UB RMSE value
is obtained 3.10%. While the results of model
analysis Mock RMSE values obtained 8.03%. From
the results above show the RMSE error rate
MockWyn-UB models are better than models FJ.
Mock.
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