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Abstract 

The Siak watershed is one of the critical watersheds, where natural disasters such as floods, landslides and erosion often occur in this area. The 

Siak watershed has 4 main sub-watersheds, namely the Tapung Kanan sub-watershed, the Tapung Kiri sub-watershed, the Mandau sub-watershed 
and the Siak Hilir sub-watershed. The existence of these 4 sub-watersheds is also not able to meet the water needs of the community due to the 

rapid development of the region which will then cause the demand for water to continue to increase in line with the rate of population growth, 

especially in the Siak watershed area. Fulfillment of food needs and population activities is always closely related to the need for water. These 
demands cannot be avoided, but must be predicted and planned for the best possible use. The purpose of this study is to describe the application of 

the GR2M modeling and the amount of raw water availability in the Upper Siak Watershed. 

The research method used is descriptive quantitative with data collection techniques in the form of map data, rain data, climatology data and 
field discharge data. And the research location is in the Upper Siak Watershed, namely the Tapung Kiri Sub-watershed. 

The results of the study show that 1) GR2M modeling can be applied to the Tapung Kiri Sub-watershed with an R2 performance of 0.41 with 

a satisfactory interpretation, a correlation coefficient (R) of 0.67 with a strong interpretation, and an efficiency coefficient (CE) of 0.59 with 
sufficient optimization interpretation. The reliable discharge obtained based on the GR2M modeling data for the availability of drinking water 

(Q99%) in the Siak Hulu watershed is 15.69 m3/second. 
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1. Introduction  

1.1 Sub Introduction 

The Siak watershed is a critical watershed, an area prone to 

flooding and landslides, erosion and siltation, as well as various 

kinds of pollution (PU, 2019). The Siak watershed has the 

potential to experience problems in the form of water 

availability that is unable to meet community needs. It was 

recorded that in 2018 the population of Riau Province based on 

data from the Central Statistics Agency (BPS) was 6,717,612 

people with an area of 87,023.66 km2 (BPS Riau, 2022). The 

increase in population every year in Riau Province (especially 

in the Siak Watershed) will affect the level of development in 

the region, both infrastructure and infrastructure structure. 

The Siak watershed consists of four sub-watersheds, 

namely the Tapung Kanan sub-watershed, the Tapung Kiri sub-

watershed, the Mandau sub-watershed and the Siak Hilir sub-

watershed (Ilva et al., 2020). 

Water resources management is an effort to plan, 

implement, monitor, and evaluate the implementation of water 

resources conservation and control of the destructive power of 

water (Permen SDA, 2009). In managing water resources, debit 

data is needed so that it can be implemented properly. 

Based on the problems mentioned above, the limited 

availability of water in the upstream Siak watershed can be an 

indicator that the condition of the watershed has been damaged 

and has an impact on the sustainability of the availability of raw 

water in the upstream Siak watershed. Considering that the 

problem of the upstream Siak river is quite complex and there 

are still very few studies regarding the availability of raw water 

in the upstream Siak watershed. So, researchers are interested 

in conducting research with the title, "Application of the GR2M 

Model for Analysis of Raw Water Supply in the Upstream Siak 

Watershed". 

The discussion this time is to find out whether the GR2M 

modeling can be applied to the Tapung Kiri sub-watershed or 

not and to determine the amount of raw water availability in the 

Upper Siak watershed using data from the GR2M modeling 

results. 

To obtain specific results, this research is limited to being 

carried out in the Upper Siak Watershed, namely the Tapung 

Kiri Sub-watershed which has a watershed area of 177,122, 23 

Ha2. Rainfall data stations around the watershed studied are 

Batu Bersurat station, Ujung Batu station, Station Petapahan 

Baru, and Silam stations, use climatological data from Pasar 

Kampar station, hydrological data used from 2004-2020 

(BWSS III, 2020), potential evapotranspiration analysis using 

the CROPWAT 8.0 program which is the program output of 

FAO (Food and Agriculture Organization), the results of the 

calculation of the mainstay debit are planned for the availability 

of drinking water use, in this study it does not discuss the 

community's water needs for available water. 

2. Method 

In this study using a quantitative descriptive method. 

Quantitative descriptive is a type of research that is used to 

analyze data by describing or describing the data that has been 

collected as it is. To support this research, secondary data is 

needed. Secondary data is a source of research data obtained 

indirectly in the form of books, notes, existing evidence or 

archives, both published and not published in general. These 

data include rainfall data at several stations around the 

watershed, namely Batu Bersurat station, Ujung Batu station 

and Petapahan Baru station, climatological data for Pasar 
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Kampar station, discharge data for Pantai Cermin station, river 

AWLR data for Pantai Cermin station which are used as filler 

for discharge data. unknown, the data catchment area of the 

Upper Siak Basin, namely the Tapung Kiri Sub-Das. 

The stages in this study are determining the regional rainfall 

value, calculating the evapotranspiration value (ET0), 

calculating the flow rate value, determining the GR2M 

simulated rain value, determining the GR2M supply (model 

performance), and calculating the reliable discharge value. 

2.1. Determine the area's rainfall value 

Rain measuring stations only provide rain depth at the point 

where the station is located, so the rain in an area must be 

estimated from that measurement point. If in an area there is 

more than one measurement station that is placed scatteredly, 

the rainfall recorded at each station may be different. In 

hydrological analysis it is necessary to determine the average 

rainfall or regional rainfall in the area, which can be done by 

three methods namely the arithmetic average (algebraic) 

method, the Thiessen polygon method, and the isohyet method. 

The following is a perimeter for determining the method 

that can be used to calculate regional rainfall, 

Table 1. Use of the Regional Rain Method 

Method Wide (Ha) 
Number of 

stations 

Aritmatik 250 – 50.000 2 or 3 

Poligon Thiessen 50.000 – 500.000 >3 
Isohiet >500.000 >3 

Source: (Riki Rahmad, 2017) 

 

Based on the perimeter above, the method used in this 

study is the Thiessen polygon method. The steps for forming 

Thiessen polygons are as follows: 

The rain recording stations are depicted on the map of the 

studied watershed, including rain stations outside the adjacent 

watershed as shown in (Figure 1). 

 

Fig 1. Map of the Thiessen polygon area 

These stations are connected by a straight line (dotted 

line). 

Draw a perpendicular line in the middle of the connecting 

line as shown in Figure 1 

These lines (Step 3) will form a polygon surrounding each 

station. Each station represents the area formed by the polygon. 

For stations that are near the watershed boundary, the watershed 

boundary line is a polygon delimiter. 

The area of each polygon is measured and then multiplied 

by the rain depth recorded at the station within the polygon. 

The sum of the calculations in Step 5 for all stations is 

divided by the area under consideration to yield the average 

rainfall for that area. Mathematically it can be calculated by the 

following equation, 

�̅� =
𝐴1𝑝1+𝐴2𝑝2+……+𝐴𝑛𝑝𝑛

𝐴1+𝐴2+ ……+𝐴𝑛
                               (1) 

where:  

�̅�  : area average rainfall 

p1, p2,….., pn : rain at station 1,2,3,…..,n 

A1, A2,….., An : the area of the area representing 

stations 1,2,3,….,n 

2.2. Calculating the value of evapotranspiration (ET0) 

Evapotranspiration is evaporation that occurs on the land 

surface, which includes the soil surface and the plants that grow 

on that surface. The rate of evapotranspiration is expressed by 

the volume of water lost by the process per unit area in one unit 

of time which is usually given in mm/day or mm/month. 

Based on research in wet areas (humid) published in FAO 

paper 56, the Penmann-Monteith method is the best method 

compared to other methods in calculating the amount of 

evapotranspiration of reference plants. The (Penmann-

Monteith) method has been compiled in SNI 7745:2012 which 

can be formulated in the following equation, 

𝐸𝑇0 =
0,408𝑅𝑛+𝛾

900

(𝑇+273)
𝑈2(𝑒𝑠−𝑒𝑎)

∆+𝛾(1+0,34𝑈2)
                                  (2)         

 

where:  

ET0 : evapotranspiration of reference 

plants, (mm/day). 

Rn : net solar radiation above the plant 

surface, (MJ/m2/day). 

T : average air temperature, (°C). 

U2 : wind speed at a height of 2 m 

from the ground, (m/s). 

 

In this study the Cropwat 8.0 program was used which was 

developed by FAO based on the Penman-Monteith method. The 

steps for using CropWat 8.0 to calculate the evapotranspiration 

value are as follows, 

1. Prepare climatological data in the form of 

a. Locations of observation points include city name, 

station name, altitude, latitude and longitude. 

b. Monthly maximum air temperature (°C). 

c. Monthly minimum air temperature (°C). 

d. Monthly average wind speed (Km/Day). 

e. Broadcasting average every month (%). 

f. Average air humidity per month (%). 

2. Open the Cropwat 8.0 application, select Climate/ET0 then 

a display will appear. 

3. Enter the previously prepared data (Step 1) into the Cropwat 

8.0 application according to the fields provided. 

4. The daily ET0 value will be automatically obtained in one 

month in the ET0 column or the last yellow column. Then 

do a copy-paste into MS.Excel to recapitulate the ET0 data. 

5. Because the results obtained are only for a certain year, do 

steps 1 to 4 repeatedly until the required data is sufficient 

6. Do a recapitulation in MS.Excel and calculate the monthly 

ET0 to then be included in the GR2M modeling 

5.3. Calculating the value of the flow rate 

The flowrate value needed to determine the reliable value 

is the discharge data from 2004 – 2020 obtained from BWS III. 
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Not all of the data for 17 years is available, so it is necessary to 

do a calculation to determine the discharge value that is not 

available by converting AWLR data into discharge data using 

the calibration bend equation that has been determined by BWS 

III based on the Manning method, namely, 

Q = 13,478 x (H + 0,384)1,580 (3) 

where H is the height of the water level in meters. 

5.4. Determine the simulated discharge value 

GR2M (Global Rainfall-Runoff Model) is a conceptual 

method based on the concept of water balance. This conceptual 

method is expressed by an empirical formula that describes the 

way water flows in a watershed from time to time. DAS is 

considered as an assembly of interconnected tanks representing 

storage levels. GR2M is a hydrological model that manages 

evapotranspiration and rainfall values to obtain discharge 

values. The steps in using the GR2M program are as follows, 

 

1. Prepare previously processed data such as monthly 

Evapotranspiration data, monthly Regional Rain Data 

and Field Debit Data for each month. 

2. Open the GR2M program (based on MS.Excel), then 

select the GR2M sheet. 

3. Enter the data prepared in step 1 into the program 

according to the columns provided (only the yellow 

column whose value can be changed). 

4. Change the values of x1 and x2 in such a way that 

satisfactory Nash values are obtained. This step is done 

by trial and error. 

5. The results obtained are shown in cell P39, the column 

"Simule Debit" is the GR2M simulated discharge 

value. This simulated discharge value is then 

processed to determine the reliable discharge value. 

5.5. Determines the performance of the GR2M model 

Model performance analysis is performed to determine the 

reliability of a hydrological model. In this study the results of 

the transformation of the GR2M modeling will be tested using 

statistical indicators. According to  

(Croke et al, 2005) Evaluation of model accuracy using 

statistical indicators including R2 and correlation (R). which 

can be determined by the following formula: 

𝑅2 = 1 −
∑(𝑄𝑂𝑏𝑠−𝑄𝑠𝑖𝑚)

2

∑(𝑄𝑜𝑏𝑠−�̅�𝑜𝑏𝑠)
2  (4) 

𝑅 =
∑(𝑄𝑠𝑖𝑚 − �̅�𝑠𝑖𝑚) (𝑄𝑜𝑏𝑠 − �̅�𝑜𝑏𝑠)

√∑(𝑄𝑠𝑖𝑚 − �̅�𝑠𝑖𝑚)
2

𝑥 ∑(𝑄𝑜𝑏𝑠 − �̅�𝑜𝑏𝑠)
2

 

 

where:  

𝑄
𝑂𝑏𝑠

 : observation discharge or 

measured discharge (m3/second). 

𝑄
𝑠𝑖𝑚

 : simulated discharge or calculated 

discharge (m3/sec), 

�̅�
𝑜𝑏𝑠

 : average measured or observed 

discharge, 

�̅�
𝑠𝑖𝑚

 : average calculated or simulated 

discharge. 

Table 2. Nash-Sutcliffe Efficiency (NSE) Criteria 

Nash-Sutcliffe Efficiency 

(NSE) Score Criteria 
Interpretation 

NSE > 0,75 Well 

0,36 < NSE < 0,75 Fulfill 

NSE < 0,36 Does not meet the 

Source : (Motolivov, et al, 1999 dalam Putra.As,dkk 2016) 

Table 3. Correlation Coefficient Value Criteria 

Correlation Coefficient Value 

(R) 
Interpretation 

0 No correlation 

0 – 0.25 Very weak 

0.25 – 0.5 Currently 

0.5 – 0.75 Strong 

0.75 – 0.99 Very strong 

1 Perfect Correlation 

Source: (Suwarno, 2008 in Putra.As, et al 2016) 

Meanwhile, according to (Hambali, 2008) analysis of model 

performance can be done using statistical indicators such as 

Correlation Coefficient (R), Efficiency Coefficient (CE). Each 

- each can be calculated using the following formula. 

𝐸 = [
∑(𝑄𝑂𝑏𝑠 − 𝑄𝑠𝑖𝑚)2

∑(𝑄𝑜𝑏𝑠 − �̅�𝑜𝑏𝑠)2
] 

 

where:  

𝑄𝑜𝑏𝑠 : observation discharge or 

measured discharge (m3/second), 

𝑄𝑠𝑖𝑚 : simulated discharge or calculated 

discharge (m3/sec), 

�̅�𝑜𝑏𝑠 : average measured discharge or 

observation. 

Table 4. Criteria for the Value of the Efficiency Coefficient 

Efficiency Coefficient Value Interpretation 

CE > 0,75 Very Efficient optimazation 
0,36 < CE < 0,75 Quite Efficient optimazation 

CE < 0,36 Inefficient optimazation 

Source: (Hambali, 2008 in Putra.As, et al 2016) 

6.6. Calculating the value of Mainstay Debit 

The mainstay debit is the final result in this study. The 

reliability needed for planning the availability of drinking water 

based on table 3.1 is 99% (Q 99%). 

To determine the value of the reliable debit, the method of 

calculating the discharge duration curve is used based on SNI 

No. 6738 of 2015 

Based on SNI 6738: 2015 reliable discharge is the amount 

of a certain discharge whose occurrence is associated with a 

certain recurrence probability. Calculation of reliable discharge 

using the discharge duration curve method can use the Weibull 

probability calculation formula as the following equation: 

𝑃 =  
𝑚

𝑛+1
100%                                          (7) 

where:  

P : the value of the probability of 

occurrence of an event (%) 

m : data ranking 

n : amount of data 

 

According to (Soemarto, 1987) the amount of reliability taken 

for various purposes of water use is as follows. 

Table 5. Amount of Debt Reliability Based on Usability 

Need Mainstay Debt (%) 

Drinking water 99 

Irrigation Water 95 – 98  

Irrigation Water   

- Semi-humid climate areas 70 – 85  

- Dry Climate Areas 80 – 95  

Hydroelectric Power Plant  85 – 90  

Source: (Soemarto, 1987 in Zulkipli, et al 2012) 
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3. Results and Discussion 

1. Regional Rain 

Regional rainfall is one of the most important variables in 

the GR2M modeling. Rainfall data for the area were 

obtained using formula 1. The monthly rainfall data 

recapitulation for the Tapung Kiri Sub-watershed area in 

2004-2020 can be seen in table 6. 

2. Evapotranspiration 

Monthly evapotranspiration is a variable used in the GR2M 

modeling. Monthly evapotranspiration was obtained using 

the Cropwat 8.0 program. for more details, the 

recapitulation of monthly evapotranspiration data can be 

seen in table 7. 

3. Field Debt 

Field discharge is discharge data obtained from the River 

Basin Office III [12]. In addition, there are some discharge 

data obtained through AWLR data processing which are 

converted into discharge data using formula 3. Field 

discharge data is needed to be compared with the simulated 

discharge data from the GR2M modeling results to produce 

model performance values. The recapitalization of field 

discharge data for the Siak River at Cermin Beach Station 

is presented in table 8. 

4. GR2M Modeling Simulation Debit 

The simulated discharge is the debit data from the GR2M 

modeling. The simulation data is used to obtain model 

performance values by comparing them with field 

discharges. After processing the data by entering the 

regional rainfall value and evapotranspiration value, a Nash 

value of 41.9% was obtained with parameters X1 and X2 of 

6.8 and 0.48. 

A comparison graph of simulated discharge with field discharge 

to rainfall can be seen in Figure 2.

Table 6. Monthly Rainfall Recapitulation of the Tapung Kiri Sub-watershed 2004-2020 (mm) 

 
Table 7. Monthly Evapotranspiration Summary of the Tapung Kiri Sub-watershed 2004-2020 (mm) 

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

2004 108.50 107.59 115.01 118.50 115.01 106.20 106.02 120.90 111.60 114.39 108.30 97.03 

2005 99.51 100.24 114.08 117.30 112.22 103.50 108.81 121.52 122.70 126.48 103.80 104.16 

2006 110.36 108.64 110.98 104.70 102.92 95.70 99.20 105.40 105.90 108.19 102.00 101.68 

2007 97.34 101.08 123.69 119.10 116.87 111.60 106.02 115.63 111.90 115.32 105.90 99.82 

2008 113.46 86.13 119.66 110.40 104.16 100.80 106.64 117.49 118.50 128.65 105.00 91.14 

2009 95.17 99.68 100.75 92.10 93.31 85.20 88.35 90.21 92.40 95.17 92.70 90.52 

2010 109.74 111.44 113.46 105.60 96.72 91.80 97.96 110.36 107.10 113.15 93.00 100.44 

2011 84.01 86.24 93.62 89.40 77.19 67.80 73.47 74.09 84.90 99.82 95.40 86.18 

2012 111.29 89.32 99.51 108.60 107.88 98.70 105.40 99.82 87.30 87.42 103.50 93.31 

2013 108.50 94.36 104.78 99.60 79.36 98.40 105.40 99.82 87.90 107.88 97.20 87.73 

2014 79.67 75.04 79.98 93.60 91.76 93.30 95.79 96.10 79.20 115.01 105.00 118.42 

2015 105.40 78.68 87.11 87.90 86.18 108.30 99.51 108.19 101.70 100.44 92.70 100.44 

2016 110.05 92.22 93.93 92.40 92.69 89.40 104.16 101.06 99.30 99.82 96.30 103.54 

2017 112.84 85.12 117.18 103.80 97.65 101.40 104.78 113.77 115.80 122.14 87.90 92.07 

2018 90.21 76.44 120.59 110.40 100.13 93.60 3.10 111.91 107.70 103.85 96.00 94.24 

2019 127.10 121.52 166.78 156.00 163.99 125.40 155.62 165.23 138.00 151.28 127.50 105.09 

2020 122.76 142.10 186.31 150.30 157.17 131.40 143.84 179.18 143.40 140.12 120.30 128.34 

Average 105.65 

YEAR Jan 
Feb 

Ma

r 
Apr May Jun Jul Aug Sep Oct Nov Dec 

2004 197.91 165.58 168.89 387.69 115.65 52.34 192.04 144.16 117.11 407.06 458.43 550.52 

2005 183.48 140.13 264.88 177.19 162.44 74.78 235.05 160.03 284.85 271.42 255.65 169.69 

2006 237.67 277.81 124.88 257.82 271.11 244.99 83.24 116.43 269.81 186.34 342.25 492.46 

2007 335.89 281.37 269.64 478.99 282.04 317.29 219.88 219.73 170.12 467.9 231.91 264.83 

2008 278.36 150.07 663.84 324.92 76.16 196.67 123.43 257.74 491.89 289.22 397.85 253.76 

2009 220.78 362.07 442.62 262.49 113.91 122.87 108.06 215.38 144.17 268.62 464.3 626.06 

2010 339.6 379.75 383.74 438.41 307.09 216.31 434.41 479.6 406.29 169.77 309.6 260.04 

2011 442.99 200.7 222.72 374.76 284.96 89.25 29.27 143.7 182.43 270.36 341.86 191.35 

2012 241.91 400.09 118.63 308.1 154.7 61.98 235.41 321.15 181.56 451.18 457.87 589.35 

2013 130.34 156.68 169.38 107.26 200.83 135.81 92.93 101.62 103.55 96.57 109.64 86.39 

2014 59.41 22.62 79.36 37.6 98.82 82.57 26.53 96.9 44.8 83.2 198.23 265.18 

2015 118.06 87.24 177.88 257.58 146.64 115.81 28.68 88.71 75.67 118.46 342.48 296.38 

2016 161.32 112.86 66.82 80.09 104.67 56.96 66.48 31.28 50.29 38.45 220.47 60.99 

2017 174.2 195.61 225 250.43 239.98 98.16 99.33 197.57 301.83 235.82 403.16 446.76 

2018 213.23 302.77 311.65 287.14 208.31 214.69 224.56 186.65 297.95 665.34 586.75 527.83 

2019 502.64 185.3 162.38 294.65 232.6 376.66 140.27 168.82 165.6 366.42 394.62 463.88 

2020 231.19 182.81 330.79 384.97 207.77 178.79 203.89 178.32 266.53 263.27 464.81 253.91 

Total 

annual 

average 

rainfall 

(mm) 

4068.98 3603.46 4183.1 4710.09 3207.68 2635.93 2543.46 3107.79 3554.45 4649.4 5979.88 5799.38 

Average 

annual 

rainfall 

(mm) 

239.35 211.96 246.06 277.06 188.68 155.05 149.61 182.81 209.08 
273.4

9 
351.75 341.14 

Average(

mm) 
235.51 
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Table 8. Summary of Field Debit of Sungai Siak, Pantai Cermin, 2004-2020 (m3/sec) 

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

2004 61.05 80.52 66.65 109.86 75.64 20.32 24.28 25.49 15.96 56.50 118.15 156.94 

2005 133.39 68.51 48.46 66.52 55.60 36.67 32.76 29.38 51.97 57.07 85.70 69.07 

2006 62.59 66.94 48.63 72.31 53.54 58.21 21.95 13.99 68.59 47.47 91.03 144.56 

2007 127.79 54.49 53.19 127.21 102.31 102.14 65.55 69.88 91.88 114.48 96.45 102.01 

2008 82.59 67.42 139.85 92.17 36.33 40.28 31.09 37.84 125.47 108.37 96.42 94.59 

2009 75.49 54.04 95.78 89.62 49.43 21.55 20.63 34.11 75.52 36.68 147.57 169.24 

2010 128.65 100.25 112.35 103.16 46.55 30.63 65.36 76.66 68.96 54.86 65.25 78.32 

2011 132.06 73.46 91.44 89.85 70.01 28.17 16.00 22.62 43.31 55.59 105.12 113.85 

2012 63.25 119.66 81.27 116.42 73.23 55.53 37.30 36.65 45.27 97.08 151.32 167.97 

2013 59.81 70.25 89.86 53.76 47.25 25.94 19.09 15.18 58.21 120.69 166.51 159.17 

2014 50.70 25.94 37.61 47.24 46.89 32.54 19.43 21.67 31.32 61.41 138.67 157.59 

2015 87.27 38.22 49.81 59.71 43.98 39.79 8.74 12.62 9.19 13.47 35.12 97.60 

2016 107.71 100.17 53.88 60.50 36.98 24.82 12.53 7.77 10.86 5.86 73.96 31.36 

2017 23.11 35.08 72.09 79.52 80.11 36.66 40.20 28.61 50.34 47.87 110.97 93.38 

2018 92.43 36.57 48.54 58.55 37.59 53.97 30.16 20.76 16.70 77.54 111.04 121.68 

2019 81.30 61.90 27.99 41.54 33.17 67.64 24.28 14.37 17.10 30.20 81.20 117.92 

2020 67.47 96.17 36.47 65.96 63.03 57.01 42.15 29.76 57.51 35.68 81.24 63.64 

Average 65.29 

Table 9. Summary of GR2M Simulated Discharge in the Tapung Kiri Sub-watershed 2004-2020 (m3/sec) 

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

2004 63.50 34.75 63.17 65.00 35.72 17.35 23.59 18.41 27.45 73.48 76.56 67.32 

2005 52.29 29.63 38.66 34.49 35.36 15.69 26.46 55.20 42.47 73.19 79.15 86.76 

2006 85.94 56.00 73.69 66.77 45.27 34.27 20.93 33.07 25.46 37.23 49.22 145.21 

2007 165.16 63.96 65.39 65.01 50.53 31.22 22.73 24.91 39.08 82.27 66.05 84.47 

2008 87.99 52.83 93.92 67.21 31.92 40.77 30.48 47.38 59.98 59.58 73.80 108.47 

2009 77.93 56.12 101.36 68.76 34.05 19.16 18.16 38.45 51.60 63.03 85.05 140.96 

2010 108.52 69.73 109.08 82.66 62.44 61.67 47.01 48.31 70.44 56.60 89.75 69.32 

2011 148.36 42.55 46.92 67.42 50.09 35.20 21.02 30.98 47.71 77.98 119.00 110.89 

2012 61.11 84.64 84.87 50.92 49.75 19.39 20.46 20.41 24.99 62.66 74.46 114.29 

2013 80.96 86.01 45.79 55.04 36.75 20.49 15.93 26.38 36.56 75.47 94.20 127.35 

2014 85.43 20.54 28.66 49.99 47.57 25.56 22.55 41.81 56.02 66.55 103.01 81.64 

2015 66.90 37.73 68.28 64.44 42.37 32.54 13.37 35.53 34.33 28.45 76.02 119.75 

2016 98.41 63.09 73.52 57.81 68.77 51.63 36.70 37.12 38.63 57.25 85.10 117.28 

2017 114.98 68.11 75.46 77.00 64.33 25.59 23.45 28.40 55.72 61.01 124.95 95.92 

2018 93.50 52.18 81.80 53.40 77.68 45.01 32.38 29.07 32.04 88.01 102.31 106.50 

2019 154.24 51.83 30.31 47.46 37.93 72.05 27.16 21.41 17.87 54.51 85.04 127.47 

2020 62.86 38.04 60.80 79.67 40.98 28.18 28.73 22.22 33.56 40.58 103.46 62.25 

Average 59.28 

 
Fig 2. Graph of Comparison of Simulation Discharge with Field Discharge against Rainfall 

Based on the graph of Figure 2, it can be seen that there is 

no significant difference between the simulated discharge and 

the field discharge. In addition, it can be seen that the simulated 

discharge is strongly influenced by high rainfall, that is, if the 

rainfall value is high, then the simulated discharge value will be 

large. Conversely, if the rainfall value is low, the simulated 

discharge value will be small. 

5. Performa Model GR2M 

Model performance is an evaluation of the model based on 

statistical indicators that determine the level of accuracy of the 

model. The statistical indicator used in this study is R2 which 
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is based on the NSE model efficiency indicators, correlation 

coefficient (R), and efficiency coefficient (CE). 

Based on data processing and referring to stage 5, the 

GR2M model performance is obtained as follows: 

Table 10. GR2M Model Performance 

Statistical 

Indicator 
Mark Interpretation 

R2 (NSE) 0,41 Fulfill 

R 0,67 Strong 

CE 0,59 
Optimization is quite 

efficient 

Source: Results of Data Processing 

Based on the table above, it can be concluded that the GR2M 

modeling can be applied to the Tapung Kiri sub-watershed. 

6. Mainstay Discharge 

The mainstay debit is the final result in this study. The 

reliability required for planning the availability of drinking 

water based on table 3.1 is 99% (Q 99%). 

To determine the value of the reliable debit, the method of 

calculating the discharge duration curve is used based on SNI 

No. 6738 of 2015 using table 9 as input in the ranking which is 

sorted from the largest value to the smallest value. After 

ranking, a graph of the discharge duration curve is obtained as 

shown in Figure 3. 

Based on the calculation of the reliable discharge, the 

potential availability of the Siak Hulu watershed with a 

probability of 99% is 15.69 m3/second (figure 3), meaning that 

the water discharge that occurs most often (available) in the 

Tapung-left sub-watershed is 15.69 m3/second. These results 

can be used as information by PDAM Tirta Siak Pekanbaru for 

the availability of drinking water.  

 

Fig 3. Results of the m3/second discharge duration curve 

4. Conclusion 

Based on the results and discussion that has been carried out 

in the previous chapter, it can be concluded that the GR2M 

modeling can be applied to the Tapung Kiri Sub-watershed with 

the performance of the GR2M model obtained, namely, R2 of 

0.41 with a satisfactory interpretation, correlation coefficient 

(R) of 0, 67 with a strong interpretation, and an efficiency 

coefficient (CE) of 0.59 with a fairly efficient optimization 

interpretation. With the optimal parameters X1 and X2 in the 

GR2M model in the Tapung Kiri Sub-watershed, namely 6.8 

and 0.48. In addition, the GR2M modeling is quite easy to 

understand and use because it only requires evapotranspiration 

data and rainfall data. Among these data, the value of rainfall is 

a variable that greatly affects the accuracy of the GR2M 

modeling. And the reliable discharge obtained based on the 

GR2M modeling data for the availability of drinking water in 

the Siak Hulu watershed (Q 99%) is 15.69 m3/second. 
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