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Abstract 

The imbalance between land use and land capability can cause environmental problems in Katingan Regency. This study aims to analyze 

changes in land use change for the 2015-2021 period, land capability, land cover suitability with land capability in Katingan Regency. This research 

uses the method of overlaying the 2015 and 2021 land cover maps, analyzing land capability with variables of erosion maps, flood maps, and aridity 
maps, and analyzing land suitability by overlapping land use maps and land capability maps. The results show that land use change is 67.864 ha 

with map accuracy KA = 90.6% and OA 81.1%, while the concentration of land use change in Malan Island District with an LQ value of 2.5. Land 

capability is divided into three with the limiting factors of erosion, flooding, and slope class, namely: class II, III, IV, VI, and VII which are 
designated as productive paddy fields, dry land agriculture, and agriculture mixed with shrubs. Land use change has an impact on land capability, 

namely the increase of unsuitable land by 23.050 ha. This research can provide important information for taking policies and strategies for 

optimizing land use at the site level in Katingan Regency in the future.   
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1. Introduction  

Land use change or land cover (LULC) a general term 

resulting from human conversion of land on the Earth's surface 

(Gaveau et al., 2014). Previous research has shown that the 

drivers of LULC are biophysical and socio-economic. (Lambin 

et al., 2001; Margono et al., 2014; Purwanto, Rusolono and 

Prasetyo, 2015). Humans have brought about varied land uses 

according to the purposes of food production, provision of 

shelter, recreation, and industry (Roy and Roy, 2010; Gaveau et 

al., 2014). Analysis of quantitative estimation of LULC in the 

end population growth exceeds land production capacity (Roy 

and Roy, 2010). 

Katingan Regency is a regency located in the province of 

Central Kalimantan, The population growth rate in this district 

showed a positive upward trend of 1.65% in 2015 (BPS, 2016) 

and the population growth rate has increased by 0.54% in 2021 

(BPS, 2022). Several studies have shown that the regency is 

vulnerable to flooding and there was a decrease in forest area of 

243,255 ha from 1990 to 2006 (Niin, 2010; Rusdiyatmoko, 

2012). The regency has experienced flooding in recent years 

due to overflows from the Samba and Katingan rivers in 2021 

and 2022. (BNPB, 2021, 2022). One major contributing factor 

to flooding is land use change, with villages living close to 

mines, rivers and oil palm plantations more likely to be affected 

by flooding (Wells et al., 2016). 

Some studies mention that there is a relationship between 

the influence of LUCL on the carrying capacity of land 

capability. Land use change can decrease the land capability in 

Lake Victoria (Maitima et al., 2010), (Wijitkosum, 2016) Land 

use change causes a decrease in land capability in Thailand 

(Wijitkosum, 2016), (Fitriah, 2011) concluded that land use 

change resulted in a decrease in the carrying capacity of land in 

Bima City, (Pugara, Pradana and Puspasari, 2021) showed the 

impact of land use change on water carrying capacity in Kajen 

and study of watershed carrying capacity and land use change 

in flood-prone areas in Semarang City (Setyowati et al., 2021). 

Regulation of the Minister of Environment of the Republic of 

Indonesia nomor 17 of the year 2009, the scope of 

environmental carrying capacity in spatial planning includes 

considering the determination of land capability for the 

allocation of spatial utilisation. 

The unbalance between land use and the carrying capacity 

of land capability can lead to environmental problems such as 

damage and natural disasters, this phenomenon is proven that 

Katingan Regency experienced floods in 2021 and 2022 

respectively. This condition is an indicator that there are 

changes in land use that have an impact on the carrying capacity 

of the environment. This study aims to analyze changes in land 

use change for the 2015-2021 period, land capability, land 

cover suitability with land capability in Katingan Regency 

2. Data and Methods 

The data used in this research are: 2015 Land Use (LU) map 

and 2021 Land Use (LU) map, slope map, erosion hazard map, 

and flood vulnerability map. This research is located in 

Katingan Regency, Central Kalimantan Province (Fig. 1). 

2.1 Validation  

Validation procedures by comparing land use maps with 

field survey results and supporting SPOT high spatial resolution 

imagery in 2022. (Dorais and Cardille, 2011) high-resolution 

imagery can be used to support the validation of land use maps. 

Validation points on the ground and on the image were 

randomly determined, considering the representativeness of the 
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land use class. The technique of calculating validation by 

testing the results of land use interpretation is overall accuracy 

(OA) and kappa accuracy (Kappa) (Foody, 2002), the 

formulation is as follows: 

𝑂𝐴 =  
∑ 𝑋𝑖𝑖

𝑟
𝑖=1

𝑁
100   (1) 

𝐾𝑎𝑝𝑝𝑎 =
𝑁 ∑ 𝑋𝑖𝑖−∑ 𝑋𝑖+𝑋+𝑖

𝑟
𝑖=1

𝑟
𝑖=1

𝑁2−∑ 𝑋𝑖+𝑋+𝑖
100  (2) 

where Xii = diagonal value of contingency matrix row-i and 

column-i; N number of observation points; and r = number of 

land use classes.  

 

Fig. 1. Map of research location 

Overview of the method procedure used in the study (Fig. 

2) 

 

 

 

 

 

 

 

 

2.2 Land use change analysis 

Analysis of land use change by overlaying the 2015 land 

use map with the 2021 land use map, which then describes the 

phenomenon of land use change patterns, then analyses the 

concentration of land use change (Wheeler, 2005), the formula 

as follows: 

 

                    𝐿𝑄 =
𝑋𝐼𝐽/𝑋𝐿

𝑋𝐽/𝑋…
   (3) 

where Xij = area of land use change in the district to-i; XL = 

total area of land use change in the regency; Xj = ditrict are to-

i; and X... = total area of the Regency.  

2.3 Land capabilitya analysis 

Land capability is identifying potential land capability with 

the aim of good land management practices (Brown et al., 

2009). The variable used to assess land capability are soil 

texture map, surface slope map, drainage map, effective depth 

map, erosion hazard map, and flood vulnerability map. 

According to (Arsyad, 2005) the determination of land 

capability class considers land characteristics with land 

capability class criteria presented in. Land capability is 

classified into 8 classes, the threat of damage or resistance 

increases linearly from class I to class VIII, land classes I to IV 

can be used as agricultural land with low to high level 

cultivation, land classes V, VI and VII are intended for 

grassland, forestry crops or natural plants, and land class VIII 

is intended as a conservation area (Hardjowigeno and 

Widiatmaka, 2007) 

2.4 Assessment of land use suitability and land capability 

Evaluation of the suitability of land use and land capability 

is done by overlapping the land use and land capability maps 

(Fitriah, 2011), each land unit can be described in terms of its 

characteristics related to inhibiting factors as well as its 

potential to develop its spatial use and determine its suitability 

for use, illustrated as follows: 

 

 

 

 

  

 

 

 

 

 

 

3. Result and Discussion 

3.1 Validation 

This study showed map validation results with an accuracy 

of KA 90.6% and OA 81.1% with 138 sample points collected 

in the field and SPOT-6/7 image interpretation (Table 1). A 

total of 65 validated points are true land use change and a total 

of 60 validated points are true no land use change, while the 

points that do not match the reality in the field are 6 points and 

7 points (Table 1). According to (Purwanto, Rusolono and 

Prasetyo, 2015) land use data sourced from the Ministry of 

Environment and Forestry resulted in  accuracy KA above 90% 

on the island of Kalimantan. According to (Foody, 2002) OA 

81% accuracy is categorised as good accuracy. 

Table 1. Validation map 

Description 
Land use 

change 

No land use 

change 
Amount 

Land used 

change 
65 7 72 

No land used 
change 

6 60 66 

Amount 71 67 138 

   KA = 90.6% 

   OA = 81.1% 

 

3.1 Land use change analysis 

The pattern of land use change from 2015-2021 (Table 2), 

there are three highest changes in land use change, namely 

forest changing into shrubs 28,580 ha (42.1%), forest changing 

into agriculture around 24,776 ha (36.5%), forest changing into 

plantations 7,590 ha (11.2%). This fact shows that after 

exploiting the timber forest products, it is then abandoned to 

become unproductive scrub land, besides that, with the increase 

  land capability analysis 

 2015 

land capability 

 2021 

land capability 

 Assessment of LU suitability 

and land capability 

 
Validation 

 2021 LU map 

 

 2015-2021  

LU change  

2015 LU map 

 

Fig. 2. Research procedure 
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in population, the pressure to fulfil the needs of life causes 

changes to agriculture and plantations. Spatial distribution of 

land use change (Fig. 1).  The land use change trend in this 

study is in line with the study of (Purwanto, Rusolono and 

Prasetyo, 2015) stated that the majority of forest cover changes 

to the scrub class on Kalimantan Island for the 2000-2013, 

(Ekadinata et al., 2011)  stated that the majority of forest cover 

changes turned into shrubs around 52% in the 1990-2000 

period, and 23% in the 2000-2005, plantations contributed to 

forest cover change of 3.7-3.9 million ha on the island of 

Borneo in the 1990-2015 (Gaveau et al., 2016) and according 

to (Scriven et al., 2015) there is a high demand for land for 

agriculture or plantations on the island of Borneo. 

Table 2. Land use change track 

Track 
Year Area 

(Ha) 

Percent 

(%) 2015 2021 

1 Forest Bare land 6.384 9.4 

2 Forest Agriculture 24.776 36.5 
     

3 Forest Scrub 28.580 42.1 

4 Forest Water body 57 0.1 
5 Forest Plantation  7.590 11.2 

6 Forest Settlement 87 0.1 

7 Forest Ricefield 389 0.6 
Amount 67.864 100 

 

 
Fig 1. Land use 2015 (A), Land use 2021 (B), and deforestation 2015-2021 (C) 

The concentration of land use change activities based on 

administration in sub-districts in Katingan Regency shows that 

six districts have LQ values < 1, five districts have LQ values ≈ 

1, and one district has LQ values > 1. Malan Island district has 

the highest LQ value (2.5), and Petak Mali district has the 

lowest LQ value (0.4) (Table 3) and spatial distribution of LQ 

values (Fig. 2). LQ value > 1 means that there is a high 

concentration of land use change activity in the district, 

compared to other districts, and vice versa for an LQ value < 1, 

while an LQ value ≈ 1 means that the concentration of land use 

change activity in the district is equal to the total regional 

average. (Wheeler, 2005). The results of the study (Niin, 2010) 

showed that Pulan Malan district had an average LQ value of 

2.5, while Marikit District had an LQ value of 0.3 in the 1990-

2000, when compared to the results of this study, the highest 

LQ value was the same in Malan Island District, while the 

lowest LQ value was in a different sub-district, thus Marikit 

District experienced a decrease in land use change activity in 

the 2015-2021. Data from the Central Statistics Agency states 

that there is an increasing trend in the area of Palm Oil 

plantations in Pulan Malan District for the period 2020-2021 

(BPS, 2022) 

Table 3. Land use change concentration value 

Districk Nilai LQ 

Bukit Raya 1.0 

Kamipang 0.6 
Katingan Hilir 0.9 

Katingan Hulu 0.9 

Katingan Kuala 0.6 
Katingan Tengah 1.3 

Marikit 1.4 

Mendawai 1.1 
Petak Malai 0.4 

Pulau Malan 2.5 

Sanaman Mantikei 1.4 
Tasik Payawan 0.6 

Tewang Sanggalang Garing 1.0 

 

(A) (B) (C) 
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Fig. 3.Value LQ Katingan Regency 

 

Fig. 4. Land capability map (A) 2015 and (B) 2021 

3.3 Land capability analysis 

The results showed land capability from class II to VII, 

meaning that the land capability class can be developed into rice 

field use, dry land farming, and dry land farming mixed with 

shrubs, but there are limiting factors such as erosion, flooding 

and slopes, on land with limiting factors the need for soil and 

water conservation treatment so that this land can be 

productive. The largest land capability is class II with erosion 

limiting factors covering 139.603 ha (78.1%), then class III 

limiting factors of flooding and erosion covering 26.608 ha 

(14.9%), class III limiting factors of erosion covering 6.865 ha 

(3.8%) (Table 4) and spatial distribution of land capability (Fig. 

4). According to (Nikkami, Elektorowicz and Mehuys, 2002) 

erosion management strategies by means of vegetative 

approaches such as cover crops, and optimal land use. (Fang, 

2021) land management with terraces on contoured land has an 

impact on reducing soil and nutrient loss, reducing water runoff. 

(Maetens, Poesen and Vanmaercke, 2012) Soil and water 

conservation management can use three approaches: first, plant 

and vegetation management (cover crops, mulching, strip 

cropping, and exclusion), second, soil management (tillage 

(A) (B) 
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according to contours, drainage and soil improvement), third, 

mechanical methods (terracing, contour borders, geotextiles).  

Table 4. Land capability 

Land capability  Area (Ha) (%) 

II (E) 139.603 78.1 
II (F, E) 1.501 0.8 

II  2.059 1.2 

II (F, E) 26.608 14.9 
III (E) 6.865 3.8 

III (E) 70 0.0 

III (F,) 14 0.0 
III (F,) 0.3 0.0 

III  0.8 0.0 

IV (E) 1.492 0.8 
IV (E) 47 0.0 

VI (S, E) 494 0.3 

VI (L, E) 21 0.0 
VII (L,E) 16 0.0 

VII (L) 44 0.0 

Amount 178.839 100 

 
3.4 Assessment of land use suitability and land capability 

Overlapping analysis between the suitability of productive 

land use (dry land farming, mixed land farming with shrubs, 

and rice fields) with land capability, obtained three categories, 

namely suitable means that productive land use with land 

capability meets the criteria, conditionally suitable means that 

there is one inhibiting factor, namely erosion, flooding and 

slope, while not suitable means that productive land use with 

land capability is not in accordance with its designation. The 

results of this study showed that there was no change in the 

suitable class, conditionally suitable decreased by an area of (-

23.050 ha), while there was an increase in the unsuitable class 

of (+23.050 ha) (Table 5) and spatial distribution of land 

suitability, thus changes in land use can have an impact on the 

ability of the unsuitable class of land to increase, but also have 

no impact if the suitable class does not change (Table 5). 

(Mujiyo, Sutarno and Rafirman, 2018) land change has an 

impact on land capability sub-classes, but not so much on the 

general class of land use in Wonogiri Regency. (Vijith, 

Hurmain and Dodge-Wan, 2018) revealed that land change can 

reduce land capability, changes in forest cover reduce 

protection against erosive rainfall and sediment delivery is 

relatively high due to changes in forest cover.    

Table 5. Change in suitability of productive land use and land 
capability 2015-2021 

Desctiption 
2015 area 

(ha) 

2021 area 

(ha) 

Change 

area (ha) 

Suitable 2.061 2.061 0 

Conditionally suitable 171.012 147.962 -23.050 

No suitable 5.767 28.817 +23.050 
Amount 178.839 178.839  

 

Fig.  4. Land suitabiliy (A) 2015 dan (B) 2021 

4. Conclusion 

The results of the study concluded that there was a change 

in land use change is 67.864 ha with map accuracy KA = 90.6% 

and OA 81.1%, while the concentration of land use change in 

Malan Island District with an LQ value of 2.5. Land capability 

is divided into three with the limiting factors of erosion, 

flooding, and slope class, namely: class II, III, IV, VI, and VII 

which are designated as productive paddy fields, dry land 

agriculture, and agriculture mixed with shrubs. Land use 

change has an impact on land capability, namely the increase of 

unsuitable land by 23.050 ha. This research can provide 

important information for taking policies and strategies for 

(A) (B) 
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optimizing land use at the site level in Katingan Regency in the 

future.  
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