
International Journal of Applied Agricultural Research 

ISSN 0973-2683 Volume 12, Number 3 (2017) pp. 357-370 

© Research India Publications 

http://www.ripublication.com 

 

Determination of watershed Performance in the sub-

watershed of Keyang, ponorogo Regency Based on 

Forestry Minister Decree no. 52/2001 

 

Bambang Suharto1, LiliyaDewi Susanawati1, Yulia Zakinah2 

1Lecturer of Faculty of Agricultural Technology, University of Brawijaya,  
Jl. Veteran, Malang 65145 

2 Student of Agricultural Engineering, Faculty of Agrucultural Technology,  
University of Brawijaya, Jl. Veteran, Malang 65145 

                 *Corresponding author
 

Abstract 

The destruction and degradation of performance in Indonesia watershed is 

inevitably of intervention activities conducted by humans as perpetrators of 

natural resource user. The increasing population growth has led to increasing 

demands on natural resources (water, land and forests) resulting in changes in 

watershed hydrological conditions. The degradation and decreasing of the 

watershed performance is the result of uncontrolled human actions with no 

regard to the rules of soil and water conservation such as the development of 

the area of cultivation area that affects the change of land function and the 

conversion of land into settlement, Into paddy fields and moor, increased 

industrial development, and rampant deforestation. The purpose of this 

research is to determine the result of classification of the parameters studied 

include the river regime coefficient (KRS), land cover index by vegetation 

(IPL) and erosion index (IE) and to determine the watershed performance in 

Sub-watershed of Keyang, Ponorogo. This study uses the calculation method 

in accordance with the Decree of the Minister of Forestry no. 52 / Kpts-II / 

2001 on Guidelines for implementing watershed management. The results of 

the calculation obtained by the classification value of River Regime 

Coefficient (KRS) of 190 included in the bad category with a score of 5; The 

Vegetation Closure Index (IPL) of 17.77% is included in the bad category 

with score 5; and Erosion Index (IE) of 166.4% included in the bad category 

with score 5. The results of determining the watershed performance in the 

Keyang Sub-watershed is 5, indicating that the performance of the Keyang 
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Sub-watershed is included in the "Bad" category. 

Keywords: Erosion Index, Land Cover Index by Vegetation, River Regime 

Coefficient, Watershed Performance Monitoring and Evaluation 

 

INTRODUCTION 

Watershed area is a unity of ecosystem whose main element consists of natural 

resources of vegetation (plant), soil and water and human resource as perpetrator of 

natural resource utilization. This utilization of natural resources can reflect the 

behavioral patterns, socio-economic and cultural conditions of society and reflects the 

level of management that is closely related to the institution. Therefore, the existence 

of a watershed has a very important role where the watershed can accommodate the 

interests of all sectors in the framework of sustainable and environmentally sound 

development. Thus, the development of spatial patterns that can harmonize land use, 

water and other resources in a unity of harmonious and dynamic environmental order 

and supported by harmonious patterns of population development becomes necessary 

to do. 

Currently, almost all major rivers in Indonesia fall into the critical watershed 

category, where most of the watersheds in Indonesia are experiencing significant 

damage or decline in performance, especially in Java. This phenomenon occurs not 

escape from uncontrollable actions to the natural system of watershed conducted by 

humans, such as cultivation area development activities. This cannot be separated 

from the increasing demand for natural resources (water, land and forests) caused by 

the increasing factor of population growth every year so that the impact of the change 

of land function and the conversion of land into settlement, the increase of industrial 

development, and the rampant deforestation Forest. 

These actions can be the main trigger for changes to the hydrological conditions of the 

watersheds as they are excessive (uncontrollable) without regard to soil and water 

conservation rules resulting in the adverse conditions of nature and humans 

themselves, namely the increased incidence of floods , drought, erosion, landslides, 

decreased land productivity and acceleration of land degradation. The impact of very 

high erosion rate and the degradation of land quality that occurs in watersheds in 

Indonesia can be a decrease in the ability of soil infiltration of rain water. So without 

serious action, the threat of flood disaster will continue to occur even though rainfall 

is relatively normal, and drought will hit when in the dry season. The end result of this 

change is not only biophysically significant in the form of increasing critical land area 

and decreasing the carrying capacity of the land, but also socio-economically causing 

the community to be increasingly losing ability to strive on their land. 
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The same thing happened in the Keyang Sub-sub Watershed located in Ponorogo 

District. The Keyang Sub-sub Watershed is part of the Upstream Madiun River Basin 

sub-basin, where the Kali Madiun Sub-Watershed is one part of the Bengawan Solo 

river basin (Haji, dkk., 2012). The width of the Keyang Basin Sub-Sub is 37699 Ha 

(Based on the Instructions of Minister of Forestry No: INS.3 / Menhut-II / 2009 on the 

Determination of Working Areas of BPDAS). The area of the Keyang River Basin is 

one of the areas prone to flooding, where flooding comes from overang river. 

Keyangriver is not able to accommodate rainwater so that there is a flood that flooded 

the area around the river. This river is the main cause of the flood disaster in 

Ponorogo regency since 2007. This is the impact of land conversion activities 

conducted by the community in the Sub-sub Watershed Keyang area. 

In relation thereto, the effort that needs to be done is to monitor and evaluate the 

performance of watershed in the Sub-sub Watershed Keyang by using measuring 

instruments in the form of criteria, indicators, parameters, and standard values that 

have been determined in accordance with the Decree of the Minister of Forestry No. 

52 / Kpts -II / 2001. Determination of watershed performance is absolutely necessary 

to know the impact of management and development activities that have been done in 

the watershed so that the watershed condition can be known both the level of damage 

and decline. Thus, it can assist appropriate decision-making by the relevant agencies 

in the conservation and rehabilitation of the watershed to maintain or improve 

watershed conditions.In relation thereto, the effort that needs to be done is to monitor 

and evaluate the performance of watershed in the Sub-Watershed Keyang by using 

measuring instruments in the form of criteria, indicators, parameters, and standard 

values that have been determined in accordance with the Decree of the Minister of 

Forestry No. 52 / Kpts -II / 2001. Determination of watershed performance is 

absolutely necessary to know the impact of management and development activities 

that have been done in the watershed so that the watershed condition can be known 

both the level of damage and decline. Thus, it can assist appropriate decision-making 

by the relevant agencies in the conservation and rehabilitation of the watershed to 

maintain or improve watershed conditions. 

 

MATERIALS AND METHODS 

Research Location 

The study area is the Keyang Sub-Watershed located at coordinates 111º 17 '- 111º 52 

East Longitude (BT) and 7º 49' - 8º 20 'South Latitude (LS). Based on the 

administrative division, the Keyang Watershed Sub-Sub-division covers three districts 

in East Java, namely Ponorogo Regency, Madiun Regency, and Trenggalek Regency, 

where approximately ± 90% of the Keyang Sub-Sub Region is located in Ponorogo 

District. Kali (River) Keyang is part of the Kali Madiun River Basin, where Kali 



360 Bambang Suharto, LiliyaDewi Susanawati1, Yulia Zakinah 

Madiun Sub-Watershed is one of the Sub-Watershed of the Bengawan Solo River 

Basin. The Keyang Sub-sub Watershed is located in the Upper Madiun River Basin 

Sub-section. The total area of watershed coverage is 37699 ha (BPDAS Solo, 2009). 

While the width of Keyang Sub-Sub based on the result of spatial data processing is 

37.668,996 Ha. 

 

Figure 1. Administrative Map of Sub-sub Watershed Keyang 

Source : BPDAS Solo 

Data 

The data used in this research is secondary data such as: 

a. Spatial Data: 

1. Map of the sub-sub basin of Keyang watershed 

2. Map of Administration Limit 

3. Land Map Scale Review 

4. Map of the River 

5. Contour Map 

6. Map of Distribution of Rainfall Station 

7. Landuse map 

8. Landcover Map 

9. Slope Map Slope 

10. Soil Solum Map 

b. Statistics: 

1. River flow discharge data from 2008 - 2012 

2. Year rainfall data for 10 years from 2003 to 2012 in the Sub-sub 

Watershed Keyang 

3. Vegetation data 
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Monitoring and Evaluation Performance ofWatershed 

Monitoring and evaluation of river basin performance based on guidance in 

accordance with the Decree of the Minister of Forestry no. 52 / Kpts-II / 2001 which 

is periodically and continuously monitoring and evaluation to obtain data and 

information about the overall picture of watershed performance development on 

inputs and management activities that have been conducted in watershed and to know 

external factors which is the constraint that influences it, where the monitoring and 

evaluation aims specifically for sustainable watershed management. Therefore, it is 

necessary to conduct watershed performance monitoring activities that are 

emphasized on water and land use criteria aspects. The water supply criteria 

assessment uses river water flow indicator with river regency coefficient parameter 

(KRS), while land use criteria include land cover index parameter by vegetation and 

erosion index. 

 

Research Stages 

a. Data Collecting 

Data collection techniques were conducted through field surveys and observations. 

The primary data collection methods used were field surveys of 10 land use points 

and interviews conducted at the Ponorogo District Agriculture Office, Ponorogo 

District Forestry Office, the Public Works Department of Water Resources (Watering) 

of Ponorogo Regency and interviews with farmers around the Sub- Keyang Sub-

Watershed for obtaining vegetation data and index data on soil management and 

conservation. The secondary data collection method used, among others, is 

observation, conducted in the DPU irrigation office to obtain 10-year rainfall data, 

keyang river debit data, and the latest rainfall station coordinate that will be used in 

calculating the estimated erosion rate in the Keyang Watershed Sub- USLE method. 

b. Data Process 

The data has been collected and then performed data processing with the steps of data 

processing as follows: 

1. Calculation of river regime coefficients 

2. Calculation of land cover index by vegetation (IPL) 

3. Estimate the amount of erosion rate (Ea) by using USLE method 

4. Determining the value of erosion that can still be tolerated (T value) seen from 

the depth of soil solum in the Keyang Sub-sub Watershed based on the value of 

erosion that can still be left in Indonesia in Arsyad (1989) in Table 1. 
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Table 1 Erosion that can still be ignored in Indonesia 

No. Substrata and Soil Characteristic 

Erosion that can 

still be ignored 

(Ton / Ha / 

Years) 

1 The soil is very shallow above the rocks 0.0 

2 
Very shallow soils above material have been 

decayed (not consolidated) 
4.8 

3. 
The shallow soil above the material has been 

decayed 
9.6 

4 
The soil with medium depth above the material 

has been decayed 
14.4 

5 
The deep soil with a waterproof bottom layer, 

above the substrata has been decayed 
18.8 

Source :Arsyad, 1989 

5. Calculation of erosion index (IE) 

6. Classification of each parameter (river regime coefficient, land cover index by 

vegetation and erosion index) based on classification table according to Minister of 

Forestry Decree no. 52 / Kpts-II / 2001 as follows: 

Table 2 Classification of River Regime Coefficients 

No. KRS Value Explanation Score 

1. KRS < 50 Good 1 

2. KRS = 50 – 120 Medium 3 

3. KRS > 120 Bad 5 

Source : The Decree of Forestry Minister No.52/Kpts-II/2001 

 

Table 3Classification of Index Value of Land Cover by Vegetation (IPL) 

No. IPL Value (%) Explanation Score 

1. IPL > 75 Good 1 

2. IPL = 30 – 75 Medium 3 

3. IPL < 30 Bad 5 

Source : The Decree of Forestry Minister No. 52/Kpts-II/2001 
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Table 4 Classification of Erosion Index Value (IE) 

No. IE Value (%) Explaination Score 

1. < 50 Good 1 

2. 50 – 100 Medium 3 

3. > 100 Bad 5 

Source : The Decree of Forestry Minister No.52/Kpts-II/2001 

7. Determination of Sub-Sub watershed Performance based on the classification 

result of each related parameters. 

c. Data Analysis 

This research uses data analysis descriptively quantitative and qualitative. Data 

analysis is done by mathematical calculation of data that has been obtained, both data 

obtained from the agency, observation, and literature data. After the calculation 

results obtained, then analyzed descriptively qualitative. namely the determination of 

conditions and scores of each parameter by comparing the results of the calculation of 

each parameter with each evaluation standard according to the Minister of Forestry 

Decree no. 52 / Kpts-II / 2001 on Guidelines for Implementing Watershed 

Management. 

The water condition is determined based on the calculated value of the river 

regression coefficient parameter (KRS). Land use conditions are determined based on 

percentage values of vegetation cover index (IPL) and erosion index (IE) parameters. 

Determination of the performance of Sub-Sub watershed obtained by weighting and 

scoring method, where the final calculation is taken based on the weight of each 

parameter multiplied by the score of each parameter and the result divided by the total 

weight of each parameter, then the results are compared with the Table 5 to obtain 

performance status of the Keyang Sub-sub Watershed. 

Table 5 Classification of Category of Watershed Performance / Sub-Sub 

Watershed 

Watershed Performance 

Classification Value 
Category 

< 1.7 Good 

1.7 – 2.5 Good Enough 

2.6 – 3.4 Medium 

3.5 – 4.3 Bad Enough 

> 4.3 Bad 

Source : The Decree of Forestry Minister No 52/Kpts-II/2001 
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RESULT AND DISCUSSION 

1. Evaluation of River Regime Coefficient Parameters (KRS) 

One of the parameters of the water system used to evaluate the river water flow 

indicator is the river regression coefficient parameter (KRS). River Regime 

Coefficient (KRS) is a number that shows the ratio between the maximum debit value 

(Qmax) with the minimum discharge value (Qmin) in a watershed / sub-watershed. 

Calculation of river regression coefficient value (KRS) is used to find out the ratio of 

debit value during wet and dry months, so it can be known the condition of water 

system in Sub-sub Watershed Keyang. According to Suripin (2002), the smaller the 

KRS value, the better the hydrological condition of a watershed. 

Qmax and Qmin debit data used for the purposes of KRS parameter analysis is 

obtained from the highest and lowest annual mean (Q) annual value of river Key 

River observation (SPAS) in 2008 to 2012. Based on average daily debit data annual 

Keyang River in 2008 - 2012, then obtained the highest Qmax value that occurred in 

February of 34.14 m³ / sec and the lowest Qmin value that occurred in October that is 

0.18 m³ / sec. From the value of Qmax and Qmin is then calculated to obtain the value 

of river regression coefficient (KRS) on the Keyang River. Here is the calculation 

result of river regression coefficient (KRS) on Keyang River. 

𝐾𝑅𝑆 =
𝑄𝑚𝑎𝑥

𝑄𝑚𝑖𝑛
 

𝐾𝑅𝑆 =
34,14 𝑚³/𝑠

0,18 𝑚³/𝑠
 

KRS = 189.67 ≈ 190 

The calculation results obtained by river regression coefficient value (KRS) on 

Keyang River in 2008 - 2012 amounted to 190. Based on the classification of the 

value of KRS according to Minister of Forestry Decree No. 52 / Kpts-II / 2001 in 

Table 2 shows that the characteristics of the water system in the Sub- included in the 

category of "ugly" with a score of "5" because the value of KRS obtained is greater 

than 120. This is indicated by the ratio of Qmax / Qmin ratio is too large, i.e. 1: 190. 

The high value obtained KRS shows the range of runoff value in the rainy season 

(flood waters) that occurred. Meanwhile, during the dry season the water flow is very 

small or drought occurs. This condition indirectly indicates that the land absorption 

capacity in the Sub-Sub watershed Keyang area is less able to withstand and store the 

falling rainwater and the many runoff water that keeps entering the river and wasted 

into the sea so that the availability of water in the sub-area of Keyang watershed when 

drought slightly in the downstream area. This is consistent with the literature which 

suggests that the greater the maximum discharge ratio (Qmax) to the minimum 

(Qmin) indicates the worse state of vegetation and land use in the river watershed 
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(Arsyad, 2006). Thus, it is necessary to control to prevent further decline in river 

basin performance by maintaining the vegetated areas and suppressing land 

conversion in the form of residential and industrial areas. 

 

2. Evaluation of Parameters of Land Cover Index by Vegetation (IPL) 

Evaluation of land use indicators with vegetative land cover (IPL) index parameters 

can be calculated by comparing the area of permanent vegetation with the watershed 

area. Vegetation of perennials is an annual crop such as forest vegetation and / or 

gardens that have the function of being protected or conservation, where the presence 

of such vegetation in the watershed area is not harvested or harvested. The type and 

extent of land use contained in the Keyang Divers sub-subunits vary with varying 

extents. Land use consists of forests, mixed gardens, shrubs, irrigated rice fields, 

settlements and others presented in Table 6. 

 

Table 6 Land Use in Keyang Sub-sub Watershed 

No. Land Use Types Area (Ha) % 

1 Shrubs 1669,594 4.43 

2 Forest 5023,998 13.34 

3 Irrigated Rice Fields 4896,494 13.00 

4 Rice Fields Rain 10567,238 28.05 

5 Settlement 5338,466 14,1 

6 Freshwater 162,921 0,43 

7 Land Field 3084,660 8,19 

8 Building 12,475 0,03 

9 Mixed Gardens 6747,314 17,91 

10 Grass 165,836 0,44 

Total 37668,996 100 

Source: Result of Map Analysis of Land Use, 2017 

 

Table 6 above, then obtained the area of vegetation land that is hard forest and shrubs. 

Hard (yearly) plants and long-term crops can help disturbed areas or areas that need 
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assistance for soil or slope stabilization and erosion control. Hence, the determination 

of the value of land cover index by vegetation (IPL) in Sub-Sub watershed Keyang in 

accordance with the Minister of Forestry Decree no. 52 / Kpts-II / 2001 are as 

follows: 

𝐼𝑃𝐿 =
𝐹𝑜𝑟𝑒𝑠𝑡 𝐴𝑟𝑒𝑎 + 𝐸𝑥𝑡𝑒𝑛𝑠𝑖𝑣𝑒 𝑆ℎ𝑟𝑢𝑏𝑠

𝑆𝑢𝑏 − 𝑆𝑢𝑏 𝑊𝑎𝑡𝑒𝑟𝑠ℎ𝑒𝑑 𝐴𝑟𝑒𝑎
 𝑥 100% 

𝐼𝑃𝐿 =
(5023,998 + 1669,594)𝐻𝑎

37668,996 𝐻𝑎
 𝑥 100% 

𝐼𝑃𝐿 =
6693,591 𝐻𝑎

37668,996 𝐻𝑎
 𝑥 100% 

𝐼𝑃𝐿 = 17,77% 

The calculation results obtained by the value of land closure index (IPL) of 17.77%. 

Based on the classification of watershed performance assessment of IPL parameters, it 

can be concluded that the land cover index (IPL) in the Keyang Sub-sub Watershed is 

included in the "Bad" category with a score of "5", where the IPL value is less than 

30%. The classification of the determination of watershed performance based on land 

cover index (IPL) is presented in Table 3. This indicates that the hydrological 

conditions of the Keyang Watershed Sub-subdivision begin to decline, which in turn 

leads to a decrease in the infiltration capacity, water absorption includes green open 

space (RTH) so that it can lead to reduced water reserves and floods occur in almost 

every rainy season (although the intensity of rain is relatively normal) and drought 

occurs in each dry season, decreased surface area that affects the delay of surface flow 

to flow up to a watershed outlet, enlarge surface runoff and erosion. The transfer of 

land in the form of settlements in the upstream areas is a contributing factor to the 

reduction of catchment areas around the Keyang River Basin so that the surface of the 

land becomes an impermeable layer causing falling rainwater cannot seep into the 

soil. So with these conditions, the Sub-Sub Keyang Watershed should be increased or 

addition of covered areas of plants up to 70% of the area of protected areas. 

3. Erosion Evaluation Index (IE) 

Monitoring and evaluation erosion index (IE) in the watershed aims to determine the 

extent of erosion prediction (Ea) against erosion limit values that can be tolerated in 

the watershed. Based on estimated annual average erosion value and the value of T 

obtained, the calculation of erosion index value can be done as follows: 

𝐼𝐸 =
𝑆𝑢𝑠𝑝𝑒𝑐𝑡𝑒𝑑 𝐸𝑟𝑜𝑠𝑖𝑜𝑛 (𝐸𝑎)

𝐴𝑙𝑙𝑜𝑤𝑒𝑑 𝐸𝑟𝑜𝑠𝑖𝑜𝑛
𝑥 100% 

𝐼𝐸 =
2396,53

𝑡𝑜𝑛

ℎ
/ℎ

14,4
𝑡𝑜𝑛

ℎ
/ℎ

𝑥 100% 
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IE = 166.4% 

Based on the above calculation, the value of erosion index (IE) is 166,4%. Due to the 

erosion index value greater than 100 (> 100), the land conditions in the Keyang Sub-

sub Watershed are included in the "Bad" category with a score of "5". The 

classification of the determination of watershed performance based on the erosion 

index can be seen in Table 4. This shows that the condition of the land in the Keyang 

Sub-sub Watershed is in poor condition which is supported by poor land use condition 

so that the resulting erosion value is very high. Increasingly widespread expansion of 

cultivation area that resulted in the conversion of land into residential areas, especially 

in areas with slope levels rather steep (> 40%) became the main factor causing the 

value of erosion. In fact we often encounter cases of landslides that occur in many 

hilly areas. This happens due to changes in land function in hilly areas conducted by 

local communities into fields and fields, thus making the soil unstable condition. 

Whereas the hill should not be used as fields or fields. 

4. Performance Evaluation Results of Keyang Sub Districts 

The determination of this performance is obtained from weight and scores values of 

each water management parameter i.e. River Regression Coefficient (KRS) and 

parameter of DTA condition evaluation that is Land use (Index of Land Closure by 

Vegetation and Erosion Index). Performed by summing the results of the scores and 

weight values divided by the weight of 22%. The result of the calculation of each 

evaluation parameter shows the weight and score as presented in Table 7. 

 

Table 7: Value of Multiplication Multiplication Weight and Score of each 

Performance Parameters of Keyang Sub-sub Watershed 

Indicator / Parameter Weight% Score Result 

A. Water System 

1. 
River Regime 

Coefficient (KRS) 
10 5 50 

B. DTA 

1. Land Processing 

 a) Land Clearing 

Index (IPL) 
4 5 20 

 b) Erosion Index 

(IE) 
8 5 40 

Total 22 15 110 

Source :The Calculation Result, 2017 
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Based on Table 7, it can be done thoroughly calculating the value of the performance 

of Sub-sub Watershed Keyang. The final result of watershed performance is obtained 

by summing the result of score with the weight value of each parameter then divided 

by the total weight percentage, namely: 110/22 = 5. Based on Table 3.2 on the 

classification of watershed performance value category, it can be concluded that the 

performance of Sub-Sub The Keyang Watershed is in the "Bad" category. 

 

CONCLUSIONS 

1. The results of the classification of each parameters for the criteria of water 

management and water catchment criteria (land use indicator) in the Keyang 

Watersheds sub-sub: 

a. Water management criteria with river regression coefficient parameters 

(KRS) with a weight of 10% from 22%, amounted to 190 included in the 

classification of ugly classes with a score of 5. 

b. Land use criteria with parameter of land closure index (IPL) with weight 4% 

from 22%, got IPL value equal to 17,77% included in classification of bad 

class with score 5; and Erosion Index (IE) parameters weighing 8% from 

22%, obtained an IE value of 166.4% included in the classification of ugly 

class with a score of 5. 

2. Water catchment and water catchment criteria (DTA) criteria are obtained with a 

performance value of 5. This indicates that the performance of the Keyang Sub-

Sub watershed is included in the "Bad" category. 
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