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Abstract: Environmental carrying capacity is frequently used to describe environmental resilience against
natural resource utilization. The Lemo Sub-watershed (DAS) in North Barito Regency, Indonesia, is highly
vulnerable to pressure from businesses and activities using the natural resources in coal mining, forestry, and
plantations. The objective of this study was to quantify the environmental carrying capacity of the Lemo sub-
watershed based on the land and water capacity. The status of environmental carrying capacity obtained in this
study would then be employed to develop regional spatial planning policies to protect and manage the environment
in the watershed. The land capability was determined using a spatial method based on geographic information
systems. The land carrying capacity was measured using total local commodity production data and decent living
needs. Furthermore, water availability was obtained using the coefficient of land use runoff and annual rainfall data.
In contrast, the water demand was calculated from the conversion results to the needs for a decent living. The spatial
analysis results showed that the Lemo sub-watershed with 54,810 ha has 8 land capability classes. The suitability
evaluation showed a mismatch between land use and land capability, where 6.68% of the Lemo sub-watershed area
was not suitable for the spatial pattern plan of the regency (SPPR), 45.65% was not in line with the SPPR outline
policy. The land carrying capacity status showed a deficit, where the land requirement was 43,484 ha compared to
land availability based on the total agricultural commodity production with an area of 6,765 ha. However, the status
of the Lemo sub-watershed carrying capacity becomes a surplus when the land availability refers to the North
Barito Regency SPPRSP Map with a 53,005 ha for cultivation areas. Results of the study imply it is still possible to
utilize natural resources in the Lemo sub-watershed further.
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1. Introduction

The reduced availability of natural resources,
biodiversity loss, land degradation, pollution, high
population growth, and migration to cities are socio-
environmental problems facing humanity. The solution
offered to overcome the challenges is using spatial
economic concepts through a combination of spatial
policies, spatial and land management, and spatial
planning with land protection [1, 2]. In Indonesia,
North Barito Regency, Central Kalimantan Province,
has considerable economic potential in the forest
resources sector, mineral, and coal mining. As a result,
the Mining and Quarrying Business Sector was the
largest contributor to the regency's Gross Regional
Domestic Product (GRDP) of the regency in 2020 at
32.52%, followed by the Agriculture, Forestry, and
Fisheries Business Sector at 11.84% [3]. Moreover, the
Lemo sub-watershed is part of the Barito watershed in
the North Barito Regency. Therefore, the area has been
widely used for its natural resources, making it highly
vulnerable to changes due to pressure from these
businesses and activities.

The environmental carrying capacity of an area is an
important factor to consider when implementing a
sustainable development process [4, 5]. Meanwhile,
sustainable development is characterized by a land
quality that provides a decent life for the population
without reducing the quality of the environment. An
increase in land productivity is one of the indicators of
successful environmental management, followed by
growth in community welfare [6, 7]. Therefore, the
preparation of environmental protection and
management programs for the Lemo sub-watershed
area is needed to sustain its function as a provider of
environmental services. That must be in line with the
carrying and bearing capacity, divided into land and
water [8-10] for humans to benefit from the watershed
ecosystem. These protection and management efforts
include spatial planning through the determination of
detailed spatial plans in the area based on the carrying
capacity of the environment [11, 12].

Environmental carrying capacity measures the
relationship between human socio-economic activities

and the environment to measure and manage
sustainable development [13]. Environmental carrying
capacity leads to comparison and balance between
supply and demand [14, 15]. The environmental
carrying capacity is determined by knowing the
capacity of the natural environment and resources to
support human/population activities [16]. Meanwhile,
it is influenced by the condition and characteristics of
the resources in the relevant expanse of space. That
leads to limiting the determination of the appropriate
use of space.

According to the Indonesian Ministry of
Environment [17], the guidelines for determining the
carrying capacity of the environment are based on (1)
land capacity for spatial use allocation, (2) comparison
between land availability and demand, as well as (3)
comparison between water availability and demand.
Previous studies determined the environmental
carrying capacity using an analytical approach to land
capability and land and water carrying capacities [18-
20]. Therefore, this study aims to determine the
environmental carrying capacity of the Lemo sub-
watershed and evaluate the suitability of land use with
capabilities in the North Barito Regency Spatial
Planning (SPPRSP) 2019-2039. The results are
expected to be used as the basis for preparing plans for
using natural resources and space by determining the
function of the Lemo sub-watershed area with regional
regulations for detailed spatial plans.

2. Methods/Materials

2.1. Study Site

This study was conducted in the Lemo sub-
watershed with 54,810 ha, where the Lemo River
hydrological system forms the Lemo Watershed (DAS)
system. As the main contributor to the watershed
hydrological system, Lemo River has 24 tributaries,
including 9 rivers, namely Kelampusan, Sekako,
Mosak, Nango, Tehey, Usi, Sepayang, and Bondan.
The Lemo sub-watershed covers the Central Teweh and
South Teweh sub-districts (Fig. 1). Based on the results
of the 2020 population census, the population in
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Central Teweh Sub-district is 58,308 people, while are
15,269 in the South Teweh Sub-district [21].
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Fig. 1 Study area orientation map

According to the Schmidt—Ferguson climate
classification, the study area has a climate type D or a
temperate region. On the other hand, based on the
Oldeman classification system, it has a wet climate
type. The highest rainfall data for 2009-2018 was
obtained in December 2009 at 638 mm, while the
lowest rainfall was observed in September 2015 at 6
mm. Meanwhile, the highest monthly rainy days for 28
days occurred in December 2011, February 2016, and
November 2017, while the lowest was observed in
September 2009 and 2015 with 2 rainy days.

The type of soil in the Lemo sub-watershed is
dominated by Ultisols, with sandstone and shale
deposits as the parent materials. The bulk density of the
soil ranged from 1.10-1.63 g cm-3 with a slab to
granular soil structure, while the soil consistency
ranged from non-sticky to sticky. Generally, the soil is
clay textured with an average sand content of 41.49%,
41.00% silt, and 17.51% clay. The study area mostly
has a flat topography with a slope of <2%, followed by
a sloping/hilly topography with a slope of 16-25%,
while <1% has a very steep hilly topography (> 40%).
It is located at an altitude of 50-75 meters above sea
level (asl).

2.2. Land Capability Classes

Spatial analysis was carried out by overlaying
several maps, namely slope, soil, erosion, and
drainage/inundation, to determine the land capacity
class of the study area. The Indonesian Ministry of
Environment [17] classifies land into eight classes.
Moreover, classes | and Il are land suitable for
agricultural use, and classes Il to VI are for various
other purposes. In contrast, classes VII and VIII are
lands that need to be protected or for conservation
functions.

Subsequently, the land capability class from the
spatial analysis is overlaid with a land-use map in the
RTRWK spatial pattern plan to evaluate land-use

suitability with land capability. Finally, the evaluation
is carried out by considering the actual land use or
spatial pattern, limiting factors, and land capability
class [22, 23].

Table 1 Land capability class level of Lemo sub-watershed
No. Class  Function Areas
(ha)

Agriculture (annual crops,
grass crops, forests, and nature
reserves)
Agriculture (seasonal crops,
grass crops, pastures,
production forests, protected
forests, and nature reserves)
Agriculture (seasonal plants,
plants that require tillage,
grass plants, grasslands,
production forests, protected
forests, and nature reserves)
and non-agriculture
Agriculture (seasonal crops,
grass crops, production
forests, pastures, protected
forests, and nature reserves)
and non-agriculture
Agriculture (grass crops,
pastures, production forests,
protected forests, and nature
reserves) and non-agriculture
Agriculture (grass crops,
pastures, production forests,
protected forests, and nature
reserves) and non-agriculture
Meadow and production forest  91.13
Meadow, nature recreation, 789.14
nature reserve

54,810.00

2,427.69

20,170.22

26,573.75

2,216.15

348.25

6. VI 2,193.66

7. VIl
8. VIII
Total areas

2.3. Analysis of Land Availability and Demand

The determination of the status of the carrying
capacity of the land was obtained from a comparison
between land availability (SL) and land demand (DL)
based on criteria from the Indonesian Ministry of
Environment [17], which include:

S > Dy, the carrying capacity of the land is
declared surplus.

« S, < Dy, the land's carrying capacity is declared in
deficit or exceeded.

Land availability was calculated using Equation 1 as
stated below:

SL= (Z(Pi x H;)/Hb) x (1/Ptvy) (1)
where S, is the availability of land (ha), and P; is the
actual production of each commodity (the units depend
on the type of commodity). Commodities considered
include agriculture, plantations, forestry, livestock, and
fisheries. H; is the unit price of each type of commodity
(IDR unit™) at the producer level, Hb is the unit price
of rice (IDR unit™) at the producer level, Ptv, is rice
productivity (kg ha™).

Land demand was calculated using Equation 2 as
stated below:

D, =N x KHL,_ (2)
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where D, is the total need for land equivalent to rice
(ha), and N is the total population (people). KHL, is the
area of land required for decent living needs per
population divided by local rice productivity, which is
assumed to be 1 ton of rice equivalent per capita™®
year .

2.4. Analysis of Water Availability and Demand

The status of the carrying capacity of water was
from the comparison between water availability (Sa)
and water demand (D,), namely:

e Sp > D,, the water carrying capacity is declared
surplus.

« S) < Dy, the water carrying capacity is declared in
deficit or exceeded.

Water availability was calculated using the Runoff

Coefficient Method modified from the rational
approach [24, 25]:
C= 2(0. X A.)/EA, (3)
R =XRi/m 4)
Sa=10XCxRXxA (5)

where S, is water availability (m*® year™), C is the
weighted runoff coefficient; C; is the runoff coefficient
for land use [24]; A; is the land-use area i (ha). R is the
area's average annual rainfall (mm year?), R; is the
annual rainfall at station i, m is the number of rainfall
observation stations, A is the area (ha), and 10 is the
conversion factor from mm ha to m®.

Water demand was calculated using Equation 6 as
stated below:

Da =N x KHLA (6)
where Dy is the total water demand (m® year™), N is the
total population (people), KHL, is the water
requirement for a decent life, 1,600 m* of water capita™
year™ [17].

3. Results and Discussion

3.1. Land Capability for Space Use Allocation

The overlay results of maps, including slope, soil,
erosion, and drainage/inundation maps, showed the
land capability class of the study area (Table 1). The
spatial analysis indicated that the allocation of space or
land use in line with land capability is for agriculture,
which must be protected and used for other purposes.
The largest land area is in Class 11, covering an area of
26,574 ha, while the smallest was observed in Class
VII, with 91 ha. The area with a Class Il land capacity
of 20,170 ha and Class Il of 26,574 ha with an
agricultural area designation allows the Lemo sub-
watershed to become a center for agricultural and food
crop production in the spatial pattern policy revision.

Land use with Class Il as an agricultural area
requires intensive soil management and conservation
measures to avoid degradation in quality [26].
Meanwhile, the limiting factors on Class Il land to be
developed into agricultural areas include high erosion

rates, stunted root growth, and relatively steep slopes.
Land units with erosion and slope limiting factors,
when used for agricultural cultivation, require soil
conservation measures such as making terraces [27],
planting in strips [28], and using mulch [29]. Barriers
to the distribution of rocks on the soil surface that
inhibit the development of plant roots can be overcome
by developing planting methods with intensive
silvicultural patterns [30]. It indicates that relatively
great efforts and costs are required to develop Class Il
land into agricultural areas.

3.2. Land Use of Lemo Sub-Watershed

The regional spatial pattern plan is a source of land
use data or land use plans in a regional space. For
example, the land-use plan of the Lemo sub-watershed
is an overlapping map with Basic Geospatial
Information (BGI), Thematic Geospatial Information
data on RTRWK Technical Materials, and North Barito
Year 2019-2039 [31]. The land use and its area plan for
the Lemo sub-watershed are shown in Table 2.

Table 2 Land use and land use plan for Lemo sub-watershed

No. Designation Order | Order 11 Areas Type of
(ha) Spatial
Designation
System
1. Plantation Agricultural Plantation 2,463.85 Cultivation
area area designated area
2. Rural Residential area Residential 5.50 Cultivation
settlement area designated area
3. Crops Agricultural Food crops 265.02 Cultivation
area area designated area
4. River Local protected Waters 93.21 Protected area
area
5. River border Local protected River border 45.54 Protected area
area
6. Nature reserve Conservation Nature 1,665.93 Protected area
and nature areas reserve
conservation area/nature
areas reserve
7. Conversion Production Convertible 1,030.03 Cultivation
production forest area production designated area
forest forest Area
8. Permanent Production Permanent 49,240.92 Cultivation
production forest area production designated area

forest forest area

Total areas 54,810.00

Based on the spatial pattern and land use plan in the
study area, two designations were discovered: the
cultivation area of 53,005 ha and a protected area of
1,805 ha (Table 2). Meanwhile, areas designated for
cultivation include plantations, settlements/rural areas,
food crops, permanent production forests, and
conversion production forests. Protected areas include
nature and conservation/nature reserves, rivers, and
river borders.

3.3. The Suitability of the Lemo Sub-Watershed
Space

The suitability of land capability with land use or
land use plans of the Lemo sub-watershed with the
spatial pattern plan of the North Barito RTRWK was
evaluated by overlaying the land capability map of the
Lemo sub-watershed with the 2019-2039 North Barito
RTRWK map. The results showed a mismatch between
land use and land capability in several segments of the
Lemo sub-watershed. The land use not in line with the
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land capacity was 3,661 ha (6.68%), while 51,149 ha
(93.32%) was in line with the land capacity. Therefore,
land use for cultivation or other activities for biomass
production must be adjusted to the capabilities and
characteristics of the land. That may result in land
degradation [32, 33] and threaten sustainable
agriculture [34]. The map of the suitability of land
capability to the spatial pattern plan of the North Barito
RTRWK is shown in Fig. 2.

3.4. Land Carrying Capacity
The actual production data of 20 local commodities

from North Barito Regency agricultural services
showed that the total production value (% (P; x H;)) for
Central and South Teweh Districts is IDR
114,528,425,000. It has the unit price of rice at the
producer level (Hi) is IDR 10,000 kg, and rice
productivity (Ptvy) is 1,693 kg ha™* (Table 3). Based on
these data, the land availability (S.) in the Lemo sub-
watershed calculated using Eg. 1 gave 6,765 ha.
However, the available land for cultivation is 53,005 ha
based on the land use map of the North Barito RTRWK
(Table 2).

Table 3 Total production values

No. Commodity Production (P; kg)

Price per unit Production Values (P; x Hi IDR)

Central Teweh South Teweh IDR kg™ (H)) Central Teweh Sub- South Teweh Sub-
Sub-district Sub-district district district
1. Paddy 2,132,000 582,000 4,150 8,847,800,000 2,415,300,000
2. Corn 4,302,000 143,000 3,200 13,766,400,000 457,600,000
3. Cassava 4,000 11,000 2,500 10,000,000 27,500,000
4. Rubber 5,117,420 938,070 6,000 30,704,520,000 5,628,420,000
5. Palm oil 973,390 1,463,710 1,250 1,216,737,500 1,829,637,500
6. Cocoa 21,130 5,250 30,000 633,900,000 157,500,000
7. Coconut 10,580 8,050 3,000 31,740,000 24,150,000
8. Pepper 0 40 80,000 - 3,200,000
9. Candlenut 0 900 3,000 - 2,700,000
10. Cow 144,722 14,021 100,000 14,472,200,000 1,402,100,000
11. Buffalo 1,625 0 90,000 146,250,000 -
12. Goat 6,869 1,050 150,000 1,030,350,000 157,500,000
13. Pig 21,142 13,501 90,000 1,902,780,000 1,215,090,000
14. Laying Chicken 2,057 391 35,000 71,995,000 13,685,000
15. Broilers 659,969 104,808 30,000 19,799,070,000 3,144,240,000
16. Free-range 20,122 13,074 60,000 1,207,320,000 784,440,000
Chicken
17. Duck 1,234 793 60,000 74,040,000 47,580,000
18. Race Eggs 130,819 8,678 20,000 2,616,380,000 173,560,000
19. Free Eggs 4,136 5,780 40,000 165,440,000 231,200,000
20. Duck Eggs 1,991 1,879 30,000 59,730,000 56,370,000
Subtotal 96,756,652,500 17,771,772,500
Total production values 114,528,425,000

Total land demand (D,) is obtained by multiplying
the population (N) with the area of land needed for a
decent living requirement per resident (KHL.) and is
calculated using Eq. 2. The total population of Central
and South Teweh Sub-districts is 73,577 people.
Assuming KHL, is 1,000 kg personl year™: 1,693 kg
ha' year' = 0591 ha person, the total land
requirement (D) in the Lemo sub-watershed is 43,484
ha. The status of the carrying capacity of the land is
determined from a comparison between land
availability (S) and land demand (D.), where S_
(6,764.82 ha) < D (43,484 ha), which showed that the
carrying capacity of land in the Lemo sub-watershed is
declared in deficit or exceeded.

- L
|
=
; j

H h ] : H
Fig. 2 Suitability of land capability to spatial patterns RTRWK

That is because the food crop agriculture is not the
main sector contributing to the gross domestic, regional
product (GDRP) for North Barito Regency [3]. It has
implications for low agricultural production at the
district level, causing land availability to be
inconsistent with real conditions in the field and the
calculation of the land's carrying capacity to be in
deficit. The use of local agricultural production data to
calculate land availability for environmental carrying
capacity is weak when the agricultural sector is not the
main contributor to the GDRP. Several studies have
suggested that the calculation of land availability based
on actual local production can be replaced with space
allocation data. That is carried out according to the
RTRWK that the local government determined to
calculate land carrying capacity [31, 35]. The results of
the analysis showed that the allocation of the
availability of the cultivated area on the land use map
or land use plan of the North Barito RTRWK was
53,005 ha. When the comparison between land
availability and land demand refers to the availability
of cultivated area land according to the North Barito
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RTRWK, the status of the land carrying capacity of
Lemo sub-watershed, namely S_ (53,005) ha > D_
(43,484 ha), is declared surplus.

3.5. Water Carrying Capacity

Water availability is determined by the runoff
coefficient method based on land cover or land use
information and annual rainfall data. The runoff
coefficient from land cover or land use data in the
Lemo sub-watershed refers to the runoff coefficient and
Ci [24, 25]. The results of the weighted runoff
coefficient calculation are shown in Table 4.

Due to a weighted runoff coefficient of 0.08, an
average annual rainfall of 3,246.70 mm year* [21], and
an area of 54,810.00 ha, the water availability in the
Lemo sub-watershed is 142,361,302 m® year . Water

needs are calculated from the conversion results to
decent living needs. Based on the guidelines for
determining the carrying capacity of the Environment
in Regional Spatial Planning, the regulation of the State
Minister for the Environment of Indonesia Number 17
of 2009 stipulates the water requirements for decent
living at 1,600 m® capita* year*. Since the population
of Central and South Teweh Sub-districts is 73,577
people, using Equation 6, the water demand is
117,723,200 m® year*. The status of the water carrying
capacity was determined from the comparison between
water availability (Sa) and water demand (D,). Water
availability (Sa) is 142,361,302 m® year* > (D,) water
demand is 117,723,200 m° year'. Therefore, the
carrying capacity of water is declared surplus.

Table 4 Value of weighted runoff coefficient (C) of Lemo sub-watershed

No. Land Use in Lemo Sub-watershed Runoff Coefficient (C;)  Land Areas (A) Cix A

1. Scrub 0.07 2,126.95 148.89

2. Swamp scrub 0.2 8.18 1.64

3. Secondary dryland forest 0.03 36,338.39 1,090.15

4. Mining 0.9 1,386.89 1,248.20

5. Mixed dry land farming 0.1 13,451.44 1,345.14

6. Settlement 0.6 4.99 2.99

7. Plantation 0.4 842.99 337.20

8. Plantation forest 0.05 556.96 27.85

9. Wiaters 0.05 93.21 4.66
54,810.00 4,206.72

Weighted runoff coefficient: C = £(C; x A)/Z A 0.08

4. Conclusion and water carrying capacity, the environmental

The study results showed that land uses in the study
area suitable for land capability were agricultural use,
conservation land, and land for other uses. The spatial
analysis also showed that a small proportion of land
(6.68%) in the study areas was not in line with the
spatial pattern plan of the regency spatial plan
(SPPRSP). Quantification of land availability using
agricultural commodity production data showed that
the areas of land availability were smaller than the land
required for a decent living (deficit land carrying
capacity). However, based on the SPPRSP of the study
area, study areas provided cultivated lands whose area
of these lands exceeds the land required for a decent
life. Therefore, the land carrying capacity becomes a
surplus when the land availability refereed to the area
of cultivated land based on the SPPRSP. This analysis
revealed that the determination of land carrying
capacity using agricultural production data has a
weakness when the agricultural sector is not the main
sector contributing to gross domestic regional product
(GDRP). That is also a limitation of this study. The
determination of land availability is carried out using
cultivation land availability data based on the SPPRSP,
not based on calculations using agricultural commodity
data as stated in the guideline for determining land
carrying capacity. Analysis of water carrying capacity
revealed that water availability exceeds the demand for
water (surplus water carrying capacity). Based on land

carrying capacity of the Lemo sub-watershed showed
surplus status. Therefore, it could be concluded that the
current use of natural resources does not decrease
environmental quality. This study also demonstrates
that spatial planning for further utilization of natural
resources in the study area may be achieved by
allocating a wider area for the agricultural, plantation,
and forestry business sectors.

References

[1] HERSPERGER A. M., OLIVEIRA E., PAGLIARIN S,
PALKA G, VERBURG P, BOLLIGER J, and
GRADINARU S. Urban land-use change: The role of
strategic spatial planning. Global Environmental Change,
2018, 51: 32-42.
https://doi.org/10.1016/j.gloenvcha.2018.05.001

[2] SWIADER M., LIN D., SZEWRANSKI S., KAZAK J.
K., IHA K., VAN HOOF J., BELCAKOVA 1., and ALTIOK
S. The application of ecological footprint and biocapacity for
environmental carrying capacity assessment: A new
approach for European cities. Environmental Science &
Policy, 2020, 105: 56-74.
https://doi.org/10.1016/j.envsci.2019.12.010

[3] CENTRAL BUREAU OF STATISTICS OF NORTH
BARITO REGENCY. Gross Regional Domestic Product of
North Barito Regency by Business Field 2016-2020. Central
Bureau of Statistics of North Barito Regency, Muara Teweh,
2021.

[4] ADI R. N., & SAVITRI E. Carrying capacity of the
Brantas watershed by the evaluation of water management



https://doi.org/10.1016/j.gloenvcha.2018.05.001
https://doi.org/10.1016/j.envsci.2019.12.010

74

criteria. Proceedings of the 2017 UMS National Geography
Seminar, n.d., 2017, pp. 522-532.

[5] SUANA I. W., AHYADI H., HADIPRAYITNO G,
AMIN S., KALIH L. A. T. T. W. S., and SUDARYANTO F.
X. Environment carrying capacity and willingness to pay for
bird-watching ecotourism in Kerandangan Natural Park,
Lombok, Indonesia. Biodiversitas Journal of Biological
Diversity, 2020, 21. https://doi.org/10.13057/biodiv/d210557
[6] MEKONNEN M., ABEJE T., and ADDISU S. Integrated
watershed management on soil quality, crop productivity and
climate change adaptation, dry highland of Northeast
Ethiopia. Agricultural Systems, 2021, 186: 102964.
https://doi.org/10.1016/j.agsy.2020.102964

[7]1 SABY L., NELSON J. D., BAND L. E., and GOODALL
J. L. Nonpoint source water quality trading outcomes:
Landscape-scale patterns and integration with watershed
management  priorities.  Journal of  Environmental
Management, 2021, 294 112914,
https://doi.org/10.1016/j.jenvman.2021.112914

[8] EKAWATY R., YONARIZA, EKAPUTRA E. G, and
ARBAIN A. Environmental carrying and bearing capacity
study in watershed management in Indonesia. Journal of
Applied Agricultural Science and Technology, 2018, 2(3):
30-40.
https://www.cabdirect.org/cabdirect/abstract/20193463684
[9] BERIHUN M. L., TSUNEKAWA A., HAREGEWEYN
N., TSUBO M., FENTA A. A., EBABU K., SULTAN D.,
and DILE Y. T. Reduced runoff and sediment loss under
alternative land capability-based land use and management
options in a sub-humid watershed of Ethiopia. Journal of
Hydrology: Regional Studies, 2022, 40: 100998.
https://doi.org/10.1016/j.ejrh.2022.100998

[10] SU Y., and YU Y. Q. Dynamic early warning of regional
atmospheric environmental carrying capacity. Science of the
Total Environment, 2020, 714: 136684.
https://doi.org/10.1016/j.scitotenv.2020.136684

[11] DELIBAS M., TEZER A., and KUZNIECOW
BACCHIN T. Towards embedding soil ecosystem services in
spatial  planning.  Cities, 2021, 113:  103150.
https://doi.org/10.1016/j.cities.2021.103150

[12] PINKAU A, & SCHIELE K. S. Strategic
environmental assessment in marine spatial planning of the
North Sea and the Baltic Sea — An implementation tool for
an ecosystem-based approach? Marine Policy, 2021, 130:
104547, https://doi.org/10.1016/j.marpol.2021.104547

[13] ZHANG F., WANG Y., MA X., WANG Y., YANG G,
and ZHU L. Evaluation of resources and environmental
carrying capacity of 36 large cities in China based on a
support-pressure coupling mechanism. Science of the Total
Environment, 2019, 688: 838-854.
https://doi.org/10.1016/j.scitotenv.2019.06.247

[14] KHORSANDI M., HOMAYOUNI S., and VAN OEL P.
The edge of the petri dish for a nation: Water resources
carrying capacity assessment for Iran. Science of the Total
Environment, 2022, 817: 153038.
https://doi.org/10.1016/j.scitotenv.2022.153038

[15] ZHANG S., HU W, LI M., GUO Z., WANG L., and
WU L. Multiscale research on spatial supply-demand
mismatches and synergic strategies of multifunctional
cultivated land. Journal of Environmental Management,
2021, 299: 113605.
https://doi.org/10.1016/j.jenvman.2021.113605

[16] INDONESIAN MINISTRY OF ENVIRONMENT.

Guidelines for Determining the Carrying and Bearing
Capacity of the Environment. Deputy for Environmental
Management, Ministry of Environment, Jakarta, 2014.

[17] INDONESIAN MINISTRY OF ENVIRONMENT.
Regulation of the State Minister of the Environment Number
17 of 2009 concerning Guidelines for Determining
Environmental Carrying Capacity in Regional Spatial
Planning. Indonesian Ministry of Environment, Jakarta,
2009.

[18] SADESMESLI I, BASKORO D. P. T, and
PRAVITASARI A. E. Land carrying capacity in regional
spatial planning (Case Study of Blitar Regency, East Java).
Tata Loka, 2017, 19: 266-279.
https://doi.org/10.14710/tataloka.19.4.266-279

[19] HE Y., & WANG Z. Water-land resource carrying
capacity in China: Changing trends, main driving forces, and
implications. Journal of Cleaner Production, 2022, 331:
130003. https://doi.org/10.1016/j.jclepro.2021.130003

[20] LUO W., REN Y., SHEN L., ZHU M., JIANG Y.,
MENG C., and ZHANG P. An evolution perspective on the
urban land carrying capacity in the urbanization era of
China. Science of the Total Environment, 2020, 744: 140827.
https://doi.org/10.1016/j.scitotenv.2020.140827

[21] CENTRAL BUREAU OF STATISTICS OF NORTH
BARITO REGENCY. North Barito Regency in Figures
2021. Muara Teweh, 2021.

[22] NOYWULI N., SAPEI A., PANDJAITAN N. H., and
ERIYATNO E. Assessment of watershed carrying capacity
for the Aesesa Flores Watershed Management, East Nusa
Tenggara Province of Indonesia. Environment and Natural
Resources Journal, 2019, 17: 29-39.
https://doi.org/10.32526/ennrj.17.3.2019.20

[23] NARENDRA B. H., SIREGAR C. A., DHARMAWAN
I. W, SUKMANA A., PRATIWI, PRAMONO I. B,
BASUKI T. M., NUGROHO H. Y. S. H., SUPANGAT A. B.,
PURWANTO, SETIAWAN O., NANDINI R., ULYAN. A,
ARIFANTI V. B.,, and YUWATI T. W. A Review on
sustainability of watershed management in Indonesia.
Sustainability, 2021, 13(19): 11125.
https://doi.org/10.3390/su131911125

[24] HANI F., and HADIAN M. S. D. Analysis of the effect
of land change on flood discharge in the Cibeureum Sub-
watershed, North Bandung Region. Journal of
Environmental and Geological Hazards, 2021, 12: 1-15.
http://dx.doi.org/10.34126/jlbg.v12i1.330

[25] WINARNO T., ALI R. K., and MURSALIIN M. Mine
drainage system analysis at tailings storage facility (TSF) PT.
Aneka Tambang Tbk. Pongkor, Bogor Regency, West Java,
Indonesia. Journal of Geoscience and Technology, 2019, 2:
135-142. https://doi.org/10.14710/jgt.2.3.2019.135-142

[26] WIDIATMAKA, AMBARWULAN W., SETIAWAN Y.,
and WALTER C. Assessing the suitability and availability of
land for agriculture in Tuban Regency, East Java, Indonesia.
Applied and Environmental Soil Science, 2016, 2016:
7302148. https://doi.org/10.1155/2016/7302148

[27] NASIR AHMAD N. S. B.,, MUSTAFA F. B,
MUHAMMAD YUSOFF S. Y., and DIDAMS G. A
systematic review of soil erosion control practices on the
agricultural land in Asia. International Soil and Water
Conservation Research, 2020, 8: 103-115.
https://doi.org/10.1016/j.iswcr.2020.04.001

[28] CHALISE D., KUMAR L., and KRISTIANSEN P.
Land degradation by soil erosion in Nepal: A review. Soil



https://doi.org/10.13057/biodiv/d210557
https://doi.org/10.1016/j.agsy.2020.102964
https://doi.org/10.1016/j.jenvman.2021.112914
https://www.cabdirect.org/cabdirect/abstract/20193463684
https://doi.org/10.1016/j.ejrh.2022.100998
https://doi.org/10.1016/j.scitotenv.2020.136684
https://doi.org/10.1016/j.cities.2021.103150
https://doi.org/10.1016/j.marpol.2021.104547
https://doi.org/10.1016/j.scitotenv.2019.06.247
https://doi.org/10.1016/j.scitotenv.2022.153038
https://doi.org/10.1016/j.jenvman.2021.113605
https://doi.org/10.14710/tataloka.19.4.266-279
https://doi.org/10.1016/j.jclepro.2021.130003
https://doi.org/10.1016/j.scitotenv.2020.140827
https://doi.org/10.32526/ennrj.17.3.2019.20
https://doi.org/10.3390/su131911125
http://dx.doi.org/10.34126/jlbg.v12i1.330
https://doi.org/10.14710/jgt.2.3.2019.135-142
https://doi.org/10.1155/2016/7302148
https://doi.org/10.1016/j.iswcr.2020.04.001

Rizalie et al. Environmental Carrying Capacity for Spatial Planning of Lemo Sub-watershed, North Barito Regency, Central Kalimantan,

75

Indonesia, Vol. 49 No. 4 April 2022

Systems, 2019, 3.
https://doi.org/10.3390/soilsystems3010012

[29] NZEYIMANA I, HARTEMINK A. E., RITSEMA C,,
STROOSNIDER L., LWANGA E. H., and GEISSEN V.
Mulching as a strategy to improve soil properties and reduce
soil erodibility in coffee farming systems of Rwanda.
CATENA, 2017, 149: 43-51.
https://doi.org/https://doi.org/10.1016/j.catena.2016.08.034
[30] SUDOMO A., MAHARANI D., SWESTIANI D.,
SABASTIAN G. E., ROSHETKO J. M., PERDANA A,
PRAMESWARI D., and FAMBAYUN R. A. Intercropping
short rotation timber species with teak: Enabling smallholder
silviculture  practices.  Forests, 2021, 12: 1761.
https://doi.org/10.3390/f12121761

[31] NORTH BARITO REGENCY GOVERNMENT. North
Barito Regency Regional Regulation Number 3 of 2019
concerning the 2019-2039 North Barito Regency Spatial
Plan. North Barito Regency Government, Muara Teweh,
20109.

[32] ARAUJO COSTA R. C., PEREIRA G. T., TARLE
PISSARRAT. C., SIQUEIRA D. S., FERNANDES L. F. S.,
VASCONCELOS V., FERNANDES L. A., and PACHECO
F. A. L. Land capability of multiple-landform watersheds
with environmental land use conflicts. Land Use Policy,
2019, 81: 689-704.
https://doi.org/10.1016/j.landusepol.2018.11.041

[33] KHALEDIAN Y., KIANI F.,, EBRAHIMI S., BREVIK
E. C., and AITKENHEAD-PETERSON J. Assessment and
monitoring of soil degradation during land use change using
multivariate analysis. Land Degradation & Development,
2016, 28: 128-141. https://doi.org/10.1002/Idr.2541

[34] ABD-ELMABOD S. K., MUNOZ-ROJAS M.,
JORDAN A., ANAYA-ROMERO M., PHILLIPS J. D,
JONES L., ZHANG Z., PEREIRA P., FLESKENS L., VAN
DER PLOEG M., and LA ROSAL D. Climate change
impacts on agricultural suitability and yield reduction in a
Mediterranean region. Geoderma, 2020, 374: 114453.
https://doi.org/10.1016/j.geoderma.2020.114453

[35] WANG Z. Land spatial development based on carrying
capacity, land development potential, and efficiency of urban
agglomerations in China. Sustainability, 2018, 10: 4701.
https://doi.org/10.3390/su10124701

SE:

[1] HERSPERGER A. M., OLIVEIRA E., PAGLIARIN S.,
PALKA G, VERBURG P, BOLLIGER J.,
GRADINARU S. 3y H A AR b dlms 2 [a) BRI i) 1E
M. & B ¥ ¥ & fk , 2018, 51 32-42.
https:://doi.orq/10.1016/i.qloenvcha.2018’.05.001

[2] SWIADER M., LIN D., SZEWRANSKI S., KAZAK J.
K., IHA K., VAN HOOF J., BELCAKOVA 1., 1 ALTIOK
S. AR B AN A AR AR B A R PR R R R
s WP T 8 . AR 5K, 2020, 105: 56-
74. https://doi.org/10.1016/j.envsci.2019.12.010

[3] b G E A s Gi it R, 2016-2020 4420l 55 45 %)) 2
A b B B FE R X ) X I A a . JEE R AR R
R R, BRI, 2021.

[4] ADI R. N., & SAVITRI E. 38 i P4t 7K 5 B AR E VR4 A
22 PR A AR A RE Sy . 2017 DR BRI RS A B K 2
KPR T 218 S04, RIEBHHEE, 2017, % 522-532

iy

[5] SUANA I. W., AHYADI H., HADIPRAYITNO G,
AMIN S., KALIH L. A. T. T. W. S., 1 SUDARYANTO F.
X. EIEEJR VO I H & e 2= P B AR A T A A& B e
W, A= ST AT B R . MR 2 ke 4 &,
2020, 21. https://doi.org/10.13057/biodiv/d210557

[6] MEKONNEN M., ABEJE T., 1 ADDISU S. R ZEf tt
WHRAE TR mih E3E . (WA S AL iE
N7 A T B . Rk R S8, 2021, 186: 102964
https://doi.org/10.1016/j.agsy.2020.102964

[7] SABY L., NELSON J. D., BAND L. E., #1 GOODALL
Jo L. AR FVE KR AT 4 B 0N AR R 5 i e P
A FIM S . MBS H &, 2021, 294 112914,
https://doi.org/10.1016/j.jenvman.2021.112914

[8] EKAWATY R., YONARIZA, EKAPUTRA E. G, Al
ARBAIN A. E[1JE J8 78 WP 54 3 rp (g 3R 48 AR 2 RN AR 2R e
JIHE 5. B Ak BE £ A% &, 2018, 2(3): 30-40.
https://www.cabdirect.org/cabdirect/abstract/20193463684
[9] BERIHUN M. L., TSUNEKAWA A., HAREGEWEYN
N., TSUBO M., FENTA A. A., EBABU K., SULTAN D., Al
DILE Y. T. fERFEM L — N WiRiEmsk, FE T+
HifE TR B AR AV B TR T, W TR
W k. K& XIEAFFT, 2022, 40: 100998.
https://doi.org/10.1016/j.ejrh.2022.100998

[10] SU Y., A1 YU Y. Q. X KB A& # BN AT

Bk K O R %%, 2020, 714: 136684.
https://doi.org/10.1016/j.scitotenv.2020.136684
[11] DELIBAS M., TEZER A., #I KUZNIECOW

BACCHIN T. 7E7% (B LRI i N LIRS RS SS . Ik
il , 2021, 113: 103150.
https://doi.org/10.1016/j.cities.2021.103150

[12] PINKAU A., il SCHIELE K. S. JbifFFli & 1 e v
2 T K H 1) s R B VP Al —— B T AE S R G VA I SE
e TR ? VEOBL %K, 2021, 130: 104547.
https://doi.org/10.1016/j.marpol.2021.104547

[13] ZHANG F., WANG Y., MA X., WANG Y., YANG G,
M ZHU L. T304 788 A B i E 36 AN R T Bt
VRIS AR 7 VA AR IR B R, 2019, 688: 838-854.
https://doi.org/10.1016/j.scitotenv.2019.06.247

[14] KHORSANDI M., HOMAYOUNI S., 1 VAN OEL P.
B R IR AN % K IR 20 RE T VAl . B ER
5 B = : 2022, 817: 153038.
https://doi.org/10.1016/j.scitotenv.2022.153038

[15] ZHANG S., HU W,, LI M., GUO Z., WANG L., fil WU
L. 2 ThRgH 2 R At 75 A5 1 5 0 [F) SR & 1 2 ROBEIT 030
¥oO& W 4 & , 2021, 299:  113605.
https://doi.org/10.1016/j.jenvman.2021.113605

[16] EREEJE VO VAR50, i e PR 8 2k 3 Re 7 AR Re 7111
FeFE . FEMIAPAEE I B B R, 2014.

[17] EPJEJE PE ML FASE 5B, FAEEE0E 55 56K 2009 456 17 %5
59, T XS A [ R h A B AR R I e AR R . BN
JEPEEIASE S, NI, 2009.

[18] SADESMESLI I, BASKORO D. P. T, #l
PRAVITASARI A. E. X375 (A H0 kI A i T & B Be 71 (
RINES A B RECR BT 7)o $EE59% R, 2017, 19:
266-279. https://doi.org/10.14710/tataloka.19.4.266-279

[19] HE Y., 1 WANG Z. F1E /K L3 FA&# ). B



https://doi.org/10.3390/soilsystems3010012
https://doi.org/https:/doi.org/10.1016/j.catena.2016.08.034
https://doi.org/10.3390/f12121761
https://doi.org/10.1016/j.landusepol.2018.11.041
https://doi.org/10.1002/ldr.2541
https://doi.org/10.1016/j.geoderma.2020.114453
https://doi.org/10.3390/su10124701
https://doi.org/10.1016/j.gloenvcha.2018.05.001
https://doi.org/10.1016/j.envsci.2019.12.010
https://doi.org/10.13057/biodiv/d210557
https://doi.org/10.1016/j.agsy.2020.102964
https://doi.org/10.1016/j.jenvman.2021.112914
https://www.cabdirect.org/cabdirect/abstract/20193463684
https://doi.org/10.1016/j.ejrh.2022.100998
https://doi.org/10.1016/j.scitotenv.2020.136684
https://doi.org/10.1016/j.cities.2021.103150
https://doi.org/10.1016/j.marpol.2021.104547
https://doi.org/10.1016/j.scitotenv.2019.06.247
https://doi.org/10.1016/j.scitotenv.2022.153038
https://doi.org/10.1016/j.jenvman.2021.113605
https://doi.org/10.14710/tataloka.19.4.266-279

76

« EEIRG) S KRN TEEAE A A&, 2022, 331: 130003.
https://doi.org/10.1016/j.jclepro.2021.130003

[20] LUO W, REN Y. SHEN L., ZHU M., JIANG Y.,
MENG C., fl ZHANG P. H [El3if i Ab I A T - Hb 73k 7
A L. B R B B R 4%, 2020, 744: 140827.
https://doi.org/10.1016/j.scitotenv.2020.140827

[21] dEEREFTE A Rgit 5. 2021 FE58E P b E B
TREX . B, 2021,

[22] NOYWULI N., SAPEI A., PANDJAITAN N. H., flI
ERIYATNO E. VAl E[1EE J& i 30 AR 8500 B 4 45 12 22 1 -
S W BCE B TR ERE 1. MRS B AR TR AR
& , 2019, 17: 29-39.
https://doi.org/10.32526/ennrj.17.3.2019.20

[23] NARENDRA B. H., SIREGAR C. A., DHARMAWAN
I. W, SUKMANA A., PRATIWI, PRAMONO I. B,
BASUKI T. M., NUGROHO H. Y. S. H., SUPANGAT A. B.,
PURWANTO, SETIAWAN O., NANDINI R., ULYA N. A.,
ARIFANTI V. B., 1 YUWATI T. W. E[1J J& 75 7 i 48 B
AORR Mk R A . W] HF 4%, 2021, 13(19): 11125.
https://doi.org/10.3390/su131911125

[24] HANI F., #1 HADIAN M. S. D. dt 73 BEHb[X 7G40 %
T A o AR L R A B . PR S b K T O
&, 2021, 12: 1-15. http://dx.doi.org/10.34126/jlbg.v12i1.330
[25] WINARNO T., ALI R. K., f1 MURSALIIN M. JEH " i
TR R TEA T ILHEK RG 0. SRRk &
KU, PR, vENM:, EREEETE. kRl 5
N 7S & , 2019, 2: 135-142.
https://doi.org/10.14710/jgt.2.3.2019.135-142

[26] WIDIATMAKA, AMBARWULAN W., SETIAWAN Y.,
Al WALTER C. Al B[V J& it 30 4= JTUM: P 9F B4l i 3l
HE BRI P, N 55 LR A2, 2016, 2016:
7302148. https://doi.org/10.1155/2016/7302148

[27] NASIR AHMAD N. S. B., MUSTAFA F. B,
MUHAMMAD YUSOFF S. Y., 1 DIDAMS G. i M4\ F
b 3 A2 kg 1 SR 1 R G AP AN . [ BR K B SRR AT,
2020, 8: 103-115.
https://doi.org/10.1016/j.iswcr.2020.04.001

[28] CHALISE D., KUMAR L., 1 KRISTIANSEN P. JEiH
REEE SRR B L. B, 3RS, 2019, 3.
https://doi.org/10.3390/soilsystems3010012

[29] NZEYIMANA I., HARTEMINK A. E., RITSEMA C.,
STROOSNIJDER L., LWANGA E. H., f1 GEISSEN V. 7&
5 AE N G F5 R S N HE R 2R St S R A D 1 3 AR
WMo R oM . &R |, 2017, 149: 43-51
https://doi.org/https://doi.org/10.1016/j.catena.2016.08.034
[30] SUDOMO A., MAHARANI D., SWESTIANI D.,
SABASTIAN G. E., ROSHETKO J. M., PERDANA A,
PRAMESWARI D., 1 FAMBAYUN R. A. A 8 /E %7
HAEAM: Rt/ NRIEMARSE . FRAR, 2021, 12: 1761.
https://doi.org/10.3390/f12121761

[31] At B EACHBOBUR. 2019 EJb B AL EEUX 26 3 5 X
WAL, kT 2019-2039 AF4b B ABRRECE K. db
CRFCEEUT, BRI R, 2019. ,
[32] ARAUJO COSTA R. C., PEREIRA G. T, TARLE
PISSARRAT. C., SIQUEIRA D. S., FERNANDES L. F. S.,
VASCONCELOS V., FERNANDES L. A., 1 PACHECO F.
A, L. BAE: TR H ph o) 2 Mgtk Hhgg 7. +
oofF M B %K, 2019, 81:  689-704.
https://doi.org/10.1016/j.landusepol.2018.11.041

[33] KHALEDIAN Y., KIANI F., EBRAHIMI S., BREVIK
E. C., 1 AITKENHEAD-PETERSON J. 1§ FH £ 7t #71F
A7ty R I A= R FH AR 3 TR ) 3R k. B 5 R
J&, 2016, 28: 128-141. https://doi.org/10.1002/Idr.2541

[34] ABD-ELMABOD S. K., MUNOZ-ROJAS M.,
JORDAN A., ANAYA-ROMERO M., PHILLIPS J. D.,
JONES L., ZHANG Z., PEREIRA P., FLESKENS L., VAN
DER PLOEG M., 1 LA ROSAL D. S fiA5 4k Hb g
X A & B AR R . B, 2020, 374: 114453,
https://doi.org/10.1016/j.geoderma.2020.114453

[35] WANG Z. & TR [E 3k iR 2 /7 I 8 710
B ) A b A 1) kBT HE 4, 2018, 10: 4701
https://doi.org/10.3390/5u10124701



https://doi.org/10.1016/j.jclepro.2021.130003
https://doi.org/10.1016/j.scitotenv.2020.140827
https://doi.org/10.32526/ennrj.17.3.2019.20
https://doi.org/10.3390/su131911125
http://dx.doi.org/10.34126/jlbg.v12i1.330
https://doi.org/10.14710/jgt.2.3.2019.135-142
https://doi.org/10.1155/2016/7302148
https://doi.org/10.1016/j.iswcr.2020.04.001
https://doi.org/10.3390/soilsystems3010012
https://doi.org/https:/doi.org/10.1016/j.catena.2016.08.034
https://doi.org/10.3390/f12121761
https://doi.org/10.1016/j.landusepol.2018.11.041
https://doi.org/10.1002/ldr.2541
https://doi.org/10.1016/j.geoderma.2020.114453
https://doi.org/10.3390/su10124701

