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Evaluation on biophysical carrying capacity to support land
rehabilitation planning in the upstream watershed

A B Supangat* and N Wahyuningrum
Watershed Management Technology Center, JI. A. Yani-Pabelan, Surakarta, Indonesia

*E-mail: absupangat@gmail.com

Abstract. A comprehensive Soil and Water Conservation (SWC) plan is needed, supported by
information on the condition of the Biophysical Carrying Capacity (BCC) of the watershed so
that land rehabilitation activities will be right on target. The research aims to evaluate the BCC
to support the SWC planning for the upstream watershed. The research area was in the Naruan
Micro Watershed (NMW), the upstream of Keduang Sub Watershed, the Bengawan Solo
Watershed. The analysis of the BCC used evaluation criteria based on the Ministry of Forestry
Regulation (PerMenhut) No. P.61/Menhut-11/2014 concerning monitoring and evaluation of
watershed management. The evaluation showed that the BCC in the research area was in the
"Bad" category with a value of 128.0. It means that the watershed needs to be restored,
particularly in terms of biophysical features. Several parameters indicated a poor category, i.g.
the land aspect such as Percentage of Degraded Land (PDL) and Erosion Index (EI)
parameters, while in the water system aspect such as the Flow Regime Coefficient (FRC),
Annual Flow Coefficient (AFC), and Sediment Load (SL) parameters. These five parameters
must become a concern and an important starting point for land rehabilitation planning in the
form of SWC measures.

1. Introduction

The upstream watershed area has a strategic role in maintaining the hydro-orological function of the
downstream. The upstream watershed is characterized by the abundance of land with steep slopes,
higher rainfall, and relatively fertile soils [1]. Therefore, land use is often carried out intensively and
often has negative impacts on the environment, such as high erosion, sedimentation, and degraded
land [2-5].

Land degradation in the upstream watershed occurs due to changes in land cover from forest to
non-forest, which triggers high erosion, and various hydrometeorological disasters. This land
degradation has a broader impact on decreasing land productivity and further decreases the carrying
capacity of the watershed environment [3,6].

Due to the vulnerability of environmental conditions in the upstream watershed, efforts are needed
to control and prevent degradation, mainly through soil and water conservation (SWC) [7,8].
However, to apply SWC appropriately requires proper planning, including determining the type and
type of SWC, according to the problem and location. Watershed Carrying Capacity (CC) information
is needed as important basic data to support the SWC planning. CC information describes the status
and types of natural resource problems that must be addressed.

The CC concept has been widely used in various sectors as management tools in sustainable
development processes worldwide [9]. In Indonesia, the concept of CC was initially intended for

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1


mailto:absupangat@gmail.com

INAFOR 2021 Stream 2 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 914 (2021) 012030  doi:10.1088/1755-1315/914/1/012030

environmental CC in general, namely the ability of the environment (biotic) to support human life,
other living things, and the balance between the two [10]. During its development, the CC concept is
widely used in natural resource management to identify and determine the condition and health status
in various aspects, including water resources [9-13], land resource [14], settlements [15], as well as the
watershed as a whole [6,16].

Watershed Carrying Capacity (WCC) is defined as the ability of the watershed to realize the
sustainability and harmony of the ecosystem and increase the benefits of natural resources for humans
and other living things sustainably [17]. The WCC component consists of 5 criteria, but specifically
for the biophysical aspect, it only consists of 2 criteria, namely the condition of the land and water
system. In practice, the WCC assessment can be carried out partially for each criterion or as a whole,
depending on analysis purposes.

This study analyzed the Biophysical Carrying Capacity (BCC), especially in the upstream areas
that have a strategic role in watershed management. The upstream part of the Solo Watershed,
especially in the Keduang Sub-watershed, plays an important role, especially as a recharge area for the
Multipurpose Reservoir of Gajah Mungkur (MRGM). As one of the upstream areas, the Naruan Micro
Watershed (NMW) also plays an important role in maintaining the protection function of its
downstream areas, especially from the potential for erosion and sedimentation that enters the MRGM.
Therefore, it is necessary to have proper management through proper planning. The research aims to
evaluate the BCC to support the SWC planning for the upstream watershed. In addition, the results of
this study can support land rehabilitation planning through soil and water conservation activities.

2. Materials and Methods

2.1. Research location

The research is in the Naruan Micro Watershed (NMW), the upstream area of the Keduang Sub-
Watershed, the upper Bengawan Solo Watershed. The geographic location of the NMW is between
7°74'30" — 7°70'40" S dan 111°10'50 - 111°10'60" E, while administratively located in Girimarto
District, Wonogiri Regency and Jatiyoso District, Karanganyar Regency, Central Java (Figure 1).
NMW has a total area of 957.1 ha.

Bengawan Solo S Naruan

{,J:Yf Kéduang

S

Figure 1. Research area, Naruan Micro Watershed, Keduang Sub Watershed, the upper part of
Bengawan Solo Watershed.

2.2. Data collection

BCC calculation was done using criteria based on the Indonesian Ministry of Forestry Regulation No.
P.61/Menhut-11/2014 regarding guidelines for monitoring and evaluation of watersheds. These
regulations include criteria for determining watershed health from a biophysical aspect, including land
conditions and water management. Each criterion includes several supporting parameters for the
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biophysical carrying capacity of the watershed. For example, the land criteria include three
parameters, while the water system criteria include five parameters presented in Table 1.

Table 1. Biophysical Carrying Capacity constituent criteria and parameters.

Criteria/Parameter Unit Source of Data Formula Remarks
Percentage of % Primary (Degraded Land Area / Degraded land
Degraded Land Watershed Area) X 100%  analysis using
(PDL) Director-
General of
Watershed and
Protected
Forest
Management
Regulation
No. P.3/2018
% Primary Land cover
Percentage of (Vegetation Cover Area / analysis with
Vegetation Cover Watershed Area) X 100% google earth
(PVC) imagery taken
in 2015
- Primary Prediction of
Erosion Index (EI) Actual Erosion / Tolerable  Erosion with
Erosion the USLE
equation [18]
Flow Regime i Primary Maximum Discharge / r[r)1leraesctjrement
Coefficient (FRC) Minimum Discharge 2016-2020
Annual Flow i Primary Annual Direct Flow / Direct
Coefficient (AFC) Annual Rainfall measurement
2016-2020
Water Use Index m?.year. people™* Primary Total Runoff / Total Direct
(wul) /Secondary Population measurement
2016-2020
. tonnes.hat.year Direct
?;E;ment Load Primary SL=kxSCxQ measurement
2016-2020
times Ancillary data
Flood (F) Secondary Frequency of flood events  from related
agencies
Source:  Modification of Regulation No. P.61/2014.

Remarks: k (coefficient); SC (sediment concentration); Q (discharge).

2.3. Data analysis

The collected parameters/criteria were then assessed, categorized, scored, and weighted. The
weighting of the parameters was modified due to the five criteria in P.61/2014, and only two criteria
were analyzed, including biophysical aspects, namely land and water management. BCC is obtained
from the sum of the scores multiplication with the weights for each of the parameters/criteria.
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Table 2. VValue range, category, and score for each Biophysical Carrying Capacity parameter.

Parameter Weight Value Category Score
Land
<5% Very Low 0.50
>5-10% Low 0.75
PDL 25 >10 - 15% Moderate 1.00
>15-20% High 1.25
>20% Very High 1.50
>80% Very Good 0.50
61 —80% Good 0.75
PVC 20 41 - 60% Moderate 1.00
21 - 40% Bad 1.25
<20% Very Bad 1.50
<0.5 Very Low 0.50
>5-1.0 Low 0.75
El 20 >1.0-15 Moderate 1.00
>15-2.0 High 1.25
>2.0 Very High 1.50
Water System
<20 Very Low 0.50
>20-50 Low 0.75
FRC 8 >50 - 80 Moderate 1.00
>80 - 110 High 1.25
>110 Very High 1.50
<0.2 Very Low 0.50
>0.2-0.3 Low 0.75
AFC 8 >0.3-04 Moderate 1.00
>0.4-0.5 High 1.25
>0.5 Very High 1.50
WUl > 6,800 Very Good 0.50
2:3388 AL Good 0.75
WUI 7 g:‘l‘gg AL Moderate 1.00
;188 AL Bad 1.25
WUI <1,700 Very Bad 1.50
<5 Very Low 0.50
>5-10 Low 0.75
SL 7 >10-15 Moderate 1.00
>15-20 High 1.25
>20 Very High 1.50
Never Very Low 0.50
Once in 5 years Low 0.75
E 5 Once in 2 years Moderate 1.00
Once a year High 1.25
More than once a Very High 150
year
Source: Modification of Rule No. P.61/2014.
Remarks:
PDL:  Percentage of Degraded Land FRC: Flow Regime Coefficient SL: Sediment Load
PVC:  Percentage of vegetation covers AFC:  Annual Flow Coefficient F : Flood

El Erosion Index WUI : Water Use Index
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Then the BCC value is categorized into (1) excellent, if the BCC is less or equal to 70, then it is, (2)
good if the BCC is between 70 and 90, (3) moderate if the BCC is between 90 and 110, (4) bad if the
BCC is between 110 and 130, and (5) very bad if the BCC is greater than 130 (Modification of
Regulation No. P.61/2014).

3. Results and Discussion

3.1. Land condition

The criteria for land conditions include three parameters that weigh 65% of all biophysical aspects
(land and water management) while the water criterion weights 35%. Land conditions have a large
weight because they are considered a source of problems in the watershed, such as the lack of
permanent vegetation cover, erosion, and land degradation. On the other hand, the criteria for water
management are more of symptoms or impacts as a result of carried out on the land management as a
relationship between upstream and downstream and causes and effects [19,20].

The Percentage of Degraded Land (PDL) parameter shows a value of 38.33, which is included in
the "very high" category. This category shows that many areas are very susceptible to degradation in
the NMW. For example, of the 957.1 ha total area, 63.1 ha were degraded, and 303.8 ha were severely
degraded, as illustrated in Figure 2.
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Figure 2. Map of degraded land in Naruan Micro Watershed.

Information on the presence of degraded land is very important to understand the process of
erosion damage that occurs in a watershed. The cause of land degradation in the watershed is primarily
due to the change/conversion of land cover to relatively more open land cover types [21], besides that
also by agricultural practices on sloping land [22]. Furthermore, information on erosion and land
degradation in the watershed is needed in policymaking and conservation planning [7,21].

The second parameter in the criteria for land conditions is the Percentage of Vegetation Cover
(PVC), which shows a value of 43.72 which is included in the "moderate” category. This value is due
to the sufficiently large area of permanent vegetation cover covering an area of 418.4 ha consisting of
forest, scrub, and mixed gardens (based on P.61/2014), as shown in the land cover map in Figure 3.
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Figure 3. Map of land cover in Naruan Micro Watershed.

The third parameter of the land condition criteria is the Erosion Index (El). El describes the ratio
between the actual possible erosion and the tolerable erosion value. The El value in the NMW area is
37.92, which is included in the "very high" category. The high EI value is caused by the high average
erosion at the NMC (341.28 tonnes ha year™). More than 50% of the NMW area experiences a "very
severe" erosion (Figure 4).
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Figure 4. Map of erosion hazard in Naruan Micro Watershed.
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High levels of erosion are closely related to land cover and slope as the main factors causing soil
erosion. Figure 2 shows that in addition to the area of forest cover, which is less than 30%, the
coverage area of the dry field, which is almost 40% of the watershed area, indicates high erosion
resulting from seasonal agricultural practices. The study of [23] reinforces this phenomenon that in
NMC, 56.24% of land cover does not match the land capability class. Meanwhile, 33.14% have
experienced very heavy erosion. Also, more than 50% of the erosion that occurred in the watershed
comes from agricultural land, compared to erosion from forest land, which is only 16% [24].

3.2. Water system

Based on the five parameters compiling the water system carrying capacity criteria, three parameters
indicate bad scores, namely FRC, AFC, and SL, in the "very high" category. Two other parameters
indicate a safe condition, namely WUI in the "very good" category and F in the "very low" category,
respectively. The complete results of the water system criteria assessment are presented in Table 4.

Table 3. Water system category.

Parameter Value Category

FRC 579.490 Very high

AFC 0.546 Very high

WuUI 8076.800 Very good

SL 68.010 Very high

F Never Very low
Source: Data analysis
Remarks:
FRC: Flow Regime Coefficient SL :  Sediment Load
AFC: Annual Flow Coefficient F :  Flood

WUI :  Water Use Index

The high category of FRC and AFC parameters shows that the watershed conditions less perform
as water regulation. Poor FRC shows a very high maximum discharge in the rainy season, whereas the
minimum discharge in the dry season is very small. Poor AFC is indicated by the large proportion of
rainwater that becomes direct runoff. The poor condition of FRC and AFC indicates that the
watershed's water storage function (sponge function) is not running well. This is possible because of
permanent vegetation cover, especially forest less than 30% of the total area (Figure 3). One of the
main factors affecting the runoff coefficient value is the land cover [25, 26]. These conditions also
impact the high potential for drought in the dry season and the potential for flooding in the rainy
season.

The high value of the SL parameter is in line with the high rate of erosion that occurs both on
surface area and on-road/riverbank, which contributes to high transported sediment content (TDS) in
river and water bodies. The high sediment level in river bodies is often caused by watershed
degradation due to various human activities such as forest conversion and land clearing, which
potentially increase soil erosion [27,28].

The high SL will also have a further impact on downstream sedimentation problems. A study from
[29] shows that the average sediment entering MRGM is very high, reaching 3.18 million m3year.
The largest source (33%) came from the Keduang Sub-Watershed, including from NMW. With an
average erosion value of 341.28 tonnes ha year! (Figure 2), the potential for sediment in water
bodies will be very high as well.

The other two parameters, WUI and F, are in a good category. The WUI parameter shows the
criteria of "very good," indicating that the quantity of water resources is still abundant enough to meet
the needs of human life in the watershed. The F parameter indicates the "very low" category because



INAFOR 2021 Stream 2

IOP Publishing

IOP Conf. Series: Earth and Environmental Science 914 (2021) 012030

doi:10.1088/1755-1315/914/1/012030

the location of the NMW in the upstream area with undulating topography allows for minimal
flooding. The fluctuation of water yield and monthly sediment yield is illustrated in Figure 5.
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Figure 5. Distribution of monthly rainfall, runoff, and sediment yields in NMW.

3.3. Classification criteria of BCC
The weighting of each parameter from the land and water system criteria is 65% and 35%,
respectively. The final analysis results showed that the BCC condition in NMW was in the "bad"
category, with a value of 128.0 (Table 5). This value makes NMW a watershed whose carrying
capacity needs to be restored based on watershed health criteria, particularly in terms of biophysical

aspects.

The results of the final score of the carrying capacity of the watershed are classified into 2, namely
watersheds that need to maintain their carrying capacity (final score < 90) and watersheds that need to
restore their carrying capacity (final score > 90). The final score at NMW deserves attention because it
is in the "bad" category (110 <BCC < 130) and even almost reaches the "very bad" criteria (BCC>

130).
Table 4. Scoring and classification criteria of BCC.

Criteria/Parameter  Weight (%) Score Score*Weight Category
Land 65
PDL 25 1.5 37.5 Very high
PVC 20 1.0 20.0 Moderate
El 20 15 30.0 Very high
Water System 35
FRC 8 15 12.0 Very high
AFC 8 1.5 12.0 Very high
WuUI 7 0.5 35 Very good
SL 7 15 10.5 Very high
F 5 0.5 25 Very low
Category of BCC 128.0 BAD
Source: Data analysis

Remarks:

PDL : Percentage of Degraded Land FRC: Flow Regime Coefficient SL: Sediment Load

PVC: Percentage of vegetation covers ~ AFC: Annual Flow Coefficient F : Flood

El Erosion Index WUI . Water Use Index
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3.4. Prioritized parameter determination in planning management

The results of the BCC assessment are used to evaluate the condition of the constituent parameters.
The final score results show that the watershed being evaluated is one of the watersheds whose
carrying capacity is maintained or restored. Meanwhile, a detailed evaluation needs to be carried out
on the value of each BCC parameter to see the health level of these parameters, both in land and water
system aspects.

As described in the previous sub-chapter, which parameters indicate the "bad" criteria with the
"very high" score category is known. In the land criteria, there are two parameters (PDL and El), while
in the water system criteria, there are three parameters (FRC, AFC, and SL). The parameters in the
"bad" category are the basis for determining SWC actions in planning land rehabilitation activities. On
the other hand, poor parameters are the objective of implementing SWC activities. Therefore, SWC
activities are directed to improve these problematic parameters to be right on target (Table 6).

Table 5. SWC recommendations in land rehabilitation planning.

Problem Purpose of SWC SWC types

High PDL To increase the Vegetative rehabilitation and conservation; community forest,
percentage of forest land  agroforestry, social forestry
cover

High EI To reduce the rate of Technical and vegetative SWC; terrace development and
erosion repairment, drainage system development, grass barrier,

sloping-grassing, alley cropping, mulching, contouring.

High FRC To increase infiltration Soil conservation (community forest / agroforestry); Water
and water storage inthe  conservation (water pond/retention, infiltration wells, bio-
watershed pore)

High AFC To increase infiltration Soil conservation (community forest / agroforestry); Water
and water storage inthe  conservation (water pond/retention, infiltration wells, bio-
watershed pore)

High SL To control sedimentation ~ Sediment control structures; Check Dam, Retaining Dam,

Gully Plug
Source: Data analyses
Remarks:
PDL : Percentage of Degraded Land FRC : Flow Regime Coefficient SL :  Sediment Load
ElI : Erosion Index AFC: Annual Flow Coefficient

The indicative direction for SWC activities is indispensable in the preparation of the
implementation plan at T-1. However, priority locations and problem-solving require direct
identification in the field through ground checks. Furthermore, community involvement is important
because the local community knows more about the problems in the location. Therefore, a
participatory approach in the form of participatory planning must be carried out [3, 7].

4. Conclusion

Identification of BCC conditions in the upstream watershed area is very important as a basis for SWC
and land rehabilitation planning. The results of the BCC evaluation in the NMW, upstream part of the
Bengawan Solo watershed, show a "bad" category that explains that the watershed's biophysical
carrying capacity must be restored. Planning for land rehabilitation activities is focused on specific
problems indicated by parameters that have a "bad" category, namely from the land criteria (PDL and
El) and the water system criteria (FRC, AFC, and SL). The selection of SWC types is aimed at
correcting these bad parameters.

References

[1] Asdak C 2014 Hidrologi dan Pengelolaan Daerah Aliran Sungai Yogyakarta Gadjah Mada
University Press 615p

[2] Gachene C K K, Nyawade S O and Karanja N N 2011 Soil and Water Conservation: An



INAFOR 2021 Stream 2 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 914 (2021) 012030  doi:10.1088/1755-1315/914/1/012030

3]

[4]
[5]

[6]
[7]

(8]
(9]
[10]
[11]
[12]

[13]

[14]
[15]
[16]
[17]
(18]
[19]

[20]

[21]

[22]

[23]

[24]

Overview Zero Hunger ed W et al. Leal Filho Springer Nature Switzerland pp 115-42

Supangat A B, Indrawati D, Wahyuningrum N, Purwanto P and Donie S 2020 Developing a
participatory planning process of micro-watershed management: a lesson learned J. Penelit.
Pengelolaan Drh. Aliran Sungai 4 17-36

Li X, Wang H, Zhang L and Wu B 2015 Soil erosion and sediment-yield prediction at basin
scale in upstream watershed of Miyun Reservoir J. Hydrol. Eng. 20

Molla T and Sisheber B 2017 Estimating soil erosion risk and evaluating erosion control
measures for soil conservation planning at Koga watershed in the highlands of Ethiopia Solid
Earth 8 13-25

Sriyana | 2018 Evaluation of watershed carrying capacity for watershed management (a case
study on Bodri watershed, Central Java, Indonesia) MATEC Web Conf. 195 1-10

Halbac-Cotoara-zamfir R, Smiraglia D, Quaranta G, Salvia R, Salvati L and Giménez-Morera A
2020 Land degradation and mitigation policies in the Mediterranean region: A brief
commentary Sustain. 12 1-17

Thornes J and Woodward J 2009 Hydrology, River Regimes, and Sediment Yield Phys. Geogr.
Mediterr.

Marganingrum D 2018 Carrying capacity of water resources in Bandung Basin IOP Conf. Ser.
Earth Environ. Sci. 118

Anonimous 2009 Undang-Undang Republik Indonesia No 32 Tahun 2009 tentang Perlindungan
dan Pengelolaan Lingkungan Hidup Lembaran Negara Republik Indonesia Nomor 5059

Simanjuntak E R P, Sumabrata J, Simarmata H A and Zubair A 2020 Analysis of Water
Carrying Capacity in Cibinong Urban Development IOP Conf. Ser. Earth Environ. Sci. 436

Kustamar and Wulandari L K 2020 The Pollution index and carrying capacity of the upstream
Brantas River Int. J. GEOMATE 19 26-32

Maulana K M, Lihawa F and Maryati S 2020 Analysis of water carrying capacity in Pulubala
sub-watershed, Gorontalo Regency, Gorontalo Province IOP Conf. Ser. Earth Environ. Sci.
575

Sudrajat S, Nugroho A T, Savitri E and Puspitaningrum | N 2020 Spatial distribution of
agricultural land carrying capacity in Purworejo Regency E3S Web Conf. 200

Nasrudin, Muryani C and Yusuf Y 2019 Carrying Capacity of Grompol Watershed Settlements,
Central Java IOP Conf. Ser. Earth Environ. Sci. 328

Sriyana | 2019 Developed watershed classification index determining management priority level
based on watershed carrying capacity MATEC Web Conf. 270 04004

Anonimous 2014 Peraturan Menteri Kehutanan Nomor: P. 61 /Menhut-11/2014 Tentang
Monitoring dan Evaluasi Pengelolaan Daerah Aliran Sungai

Wischmeier W H and Smith D D 1978 Predicting Rainfall Erosion Losses - A Guide to
Conservation Planning (Washington DC: USDA Handbook No. 537) 58p

Nepal S, Fligel W-A and Shrestha A B 2014 Upstream-downstream linkages of hydrological
processes in the Himalayan region Ecol. Process. 3 19

Kiersch B 2000 Instruments and mechanisms for upstream-downstream linkages: A literature
review Discussion Paper No. 2. Land-Water Linkages in Rural Watershed Electronic
Workshop, 18 September - 27 October 2000 FAO of United Nations, Rome, Italy

Woldemariam G W and Harka A E 2020 Effect of land use and land cover change on soil
erosion in Erer Sub-Basin, Northeast Wabi Shebelle Basin, Ethiopia Land 9

Lestariningsih 1 D, Widianto, Christanti A, Sudarto and Kurniawan S 2018 Relationship
between land degradation, biophysical and social factors in Lekso Watershed, East Java,
Indonesia J. Degrad. Min. L. Manag. 5 1283-91

Wahyuningrum N and Supangat A B 2016 Analisis Spasial Kemampuan Lahan dalam
Perencanaan Pengelolaan DAS Mikro: Kasus di DAS Mikro Naruwan, Sub DAS Keduang,
DAS Solo Maj. IIm. Globe 18 43-52

Kogo B K, Kumar L and Koech R 2020 Impact of land use/cover changes on soil erosion in

10



INAFOR 2021 Stream 2 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 914 (2021) 012030  doi:10.1088/1755-1315/914/1/012030

western Kenya Sustain. 12 1-17

[25] Cardoso T, Machado R and Mortene M 2019 Determination of the runoff coefficient (C) in
catchments based on analysis of precipitation and flow events Preprints 1-20

[26] Giudice G Del 2012 Factors affecting the runoff coefficient Hydrol. Earth Syst. Sci. Discuss. 9
4919-41

[27] Walling D E 2008 The changing sediment loads of the world's rivers IAHS-AISH Publ. 323-38

[28] Martin B 2018 Sediment load and suspended sediment concentration prediction Soil Water Res.
123-31

[29] Rahman M M, Harisuseno D and Sisinggih D 2012 Studi Penanganan Konservasi Lahan di Sub
DAS Keduang, DAS Bengawan Solo, Kabupaten Wonogiri J. Tek. Pengair. 3 250-7

Acknowledgments

Special thanks to the Asia-Pacific Network for Sustainable Forest Management and Rehabilitation
(APFNet) for financial support, Watershed Management Technology Center (WMTC) for institutional
support, and research assistants for technical support. Appreciation is also given to reviewers and
editors for constructive comments.

Authors’ contribution

All authors made equal contributions to conceptualization, methodology, analysis, writing, review, and
editing of the manuscript. All authors have read and agreed to the published version of the manuscript

11



