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Mangroves and 

Socio-ecological 

applications



Mangroves

One of the most productive 

ecosystems offering 

beneficial services that 

directly or indirectly enhance 

people’s well-being and 

supporting local communities 

and national economies

Image source - https://www.iucn.org/theme/marine-and-polar/our-work/climate-change-and-ocean/mangroves-and-coastal-ecosystems



(another key service they provide is the 

regulation of the global climate which is 

currently referred to as the blue carbon 

concept (Nellemann et al. 2009) 

Mangroves

they have the capacity to sequester carbon 

dioxide from atmosphere and store it as 

organic carbon in their biomass (above 

and below ground) (Pidgeon, 2009; Mcleod et 

al. 2011; Alongi et al. 2016)

Differences in whole-ecosystem carbon stocks among boreal, 

temperate and tropical terrestrial forests, and subtropical and 

tropical mangrove forests

Carbon storage potential is 3–5x higher than that of 

tropical upland forest due to strong carbon storage 

in the soil (Donato et al., 2011) 

Image source – Retrieved from Alongi, 2012



Indonesia’s blue carbon from mangroves - median carbon storage is 950.5 Mg C ha−1 (Alongi et al., 2016)

Indonesia, which is home to 20% of the world’s mangrove areas and possesses a 

higher number of mangrove species (Giri et al., 2011), store approximately one-fifth of the 

world’s blue carbon (including from seagrasses) (Alongi et al., 2016) 



Despite the benefits they provide, there has 

been an extensive mangrove decline

Retrieved from Richards and Friess, 2016

▪ Roughly 1 million hectares of Indonesia's mangroves have 

been lost since 1800 (Ilman et al. 2016)

Highly vulnerable to human-

induced and natural disturbances



Mangrove degradation will result to loss of 

beneficial services (e.g., food source, coastal 

protection)

They can be a significant source of CO2

emissions (Lovelock et al., 2011; Pendleton et al., 2012)

There’s a need to conserve, protect, and sustainably manage these resources!!!

Increasing recognition of Indonesia’s mangrove management in the context of blue carbon 



Mangrove management and climate change: a review in Indonesia
(Arifanti, 2020)

“In order to support Convention on Biological Diversity (Aichi Biodiversity Target) and the UN Sustainable 

Development Goals, Indonesia needs to protect 3.3 million km2 terrestrial and 23.7 million km2 of marine 

ecosystems”

Various regulations 

related to the 

protection and use of 

mangrove ecosystems 

such as The 

Presidential Decree 

Number 9 Year 2016

National-level policies Mangrove conservation

The government of 

Indonesia designated 42 

ecosystem essential 

areas (EEA) totaling of 

909,580.521 ha, which 

include 22% of the total 

mangrove extent

Mangrove rehabilitation

Several rehabilitation 

techniques have been 

implemented in Indonesia such 

as mangrove planting in the 

over-logged forest area and 

agroforestry techniques (e.g., 

sylvofishery)

Participatory approach by involving the local 

communities in the mangrove management-

related activities would increase the success of 

the program

Socio-ecological applications



Socio-ecological analyses for mangrove 

management in Indonesia 

(in the context of Blue Carbon) 

KOHSAKA Laboratory
International natural resource 

management

Social and Policy 

Science Group

Enhancing Capacities

National Level

(Applying content analysis)

Local Level

(Applying community perceptions)



National-level

Understanding the regulations of mangroves in the context of Indonesia’s provincial-level spatial plan. 

Central 
Government

Provincial 
Government

Regency/City 
Government

Provincial
Spatial

Plan (PSP)

• Phenomenon of decentralization after the
Indonesia’s policy transition in 1998 with shift of
power from central to lower-level government.

• Lower-level government with more authorities to
self-regulate resource.

• Mangrove as resources is now regulated in variety of
forms, based on the provincial spatial policy.

A study is needed to understand the overall state of 

each provincial spatial plan policy on mangroves



Indonesia Provincial Spatial Plans (PSP) on 

mangroves in era of decentralization: 

Application of content analysis to 27 provinces 

and “blue carbon” as overlooked components

Lukman KM, Quevedo JMD, Kakinuma K, Uchiyama Y, Kohsaka R

Journal of Forest Research, 24(6): 341-348

https://doi.org/10.1080/13416979.2019.1679328



Indonesia Provincial Spatial Plans (PSP) on mangroves in era of 

decentralization: Application of content analysis to 27 provinces and “blue 

carbon” as overlooked components
Study from Kohsaka team, published in Journal of Forest Research 2019

Systematic content analysis to build a coding frame which cover
several main categories and then dividing the data into coding units
(Schreier 2012)

Material

Gathering

Coding

Frame

Coding 

Materials

Testing 

The Code

Evaluate, 
Modify

 Collecting
PSP
Documents

 Indonesia E-
Database

 Initial
reading

 Identify the
mangrove
discussion

 Category
of 9 topic

 Clarify
keywords
of topic

 Checking
the existing
keywords
for each of
the topic

Verify the result with 
the research team 
from Indonesia 
Ministry of Maritime 
Affairs of Fisheries

Example of PSP Document

9 Clusters related to mangroves and its management were identified in PSP:

(a) aquaculture, (b) carbon storage, (c) disaster prevention, (d) fish nursery, (e) prohibited 
activity, (f) reforestation, (g) regulating services, (h) research and education, (i) tourism



Results: The priority on protection, and least attention for mangrove’s 

role in sequestering and storing CO2

Frequency of cluster in Indonesia (27 provinces)
 Prohibited Activity regarding mangrove

as the most commonly discussed topic
in Indonesia’s PSP, followed by research
and education and tourism

 Discussion regarding mangrove’s role
for carbon storage is relatively low,
although the topic is now emerging
with some provinces openly discussing
some initiatives (i.e. Jakarta, Central
Kalimantan, Papua)

 The function of mangroves for
aquaculture is shrouded with ambiguity
and differ in each provinces, with
tendency on synergizing the existence
of mangroves in aquaculture

Least discussed cluster of mangrove’s role



Key results: PSP as a benchmark for the priorities and awareness of 

lower-level governments concerning mangroves 

(a) Highlight of provincial 

perception leaning on 

protecting mangroves and 

utilization in the form of 

tourism and education.

(c) As the aspect of “blue 

carbon” was overlooked, 

initiatives from provinces to 

promote such matter can 

drive the conservation 

efforts.

(b) Diversity of 

acknowledgement for 

mangrove’s role regulated in 

PSP for each province in 

Indonesia (left figure).



A Closer Look at Local-Level: 

Berau Regency Case Study, 

East Kalimantan Province, 

Indonesia

Land Use Changes Assessment using a triangulated 

framework: Perception Interviews, Land-Use/Land 

Cover Observation, and Spatial Planning Analysis in 

Tanjung Batu and Derawan Island, Indonesia

Lukman KM, Uchiyama Y, Quevedo JMD, Harding D, Kohsaka R

Human Ecology: https://doi.org/10.1007/s10745-021-00253-w



Existing issues on the conversion of 

mangroves into another land-use (i.e. 

aquaculture, infrastructure)

Limitation of remote sensing resources and 

inclusion of communities’ perception to 

capture the land-use change. With 

perceptions can be used to capture the 

sensitive change (Fontana et al. 2015)

People’s perception is a vital part to better 

understand the cause of coastal problems 

and promote sustainable land-use (Kikuyama

et al. 2018)



Method: Three Datasets for Tanjung Batu and Derawan Island

Land-use change perception LULC maps Spatial plan policy map

➢ Satellite image

➢ Including benchmark site 
(i.e., port, tourism)

➢ Grid to facilitate the 
respondents choosing

➢ Identify perceived cause

➢ Data from Ministry of 
Environment & Forestry 
Database (secondary)

➢ Visual analysis on policy 
perspective of land-use

➢ Data recovered from 
Berau Regency database

Qualitative observation on the 
comparison between each 

datasets to identify the gaps
and the complementing 

aspects.



Results: Perceived Drivers of Land-Use Change 
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Derawan Island Tanjung Batu

Locals perceived the infrastructure (i.e. roads, public 

facilities) development as the cause of land-use change 

in their surrounding areas



Results: Perception of Land-Use Change, Tanjung Batu

Mangrove Center

Athlete’s 
Dormitory

Newly-built road

Port

Note: Left Figure

(a) Numbers indicated the total of respondents mentioned 
the area has changed; (b) Color indicated the frequency 
level [red = high frequency, green = low frequency] 

Note: Right Figure

(a) The height of the chart indicated the frequency (higher 
chart indicated higher frequency)

Locals identified the land-

use change nearby public 

infrastructures.



Results: Perception of Land-Use Change, Derawan Island

Note: Left Figure

(a) Numbers indicated the total of respondents mentioned 
the area has changed; (b) Color indicated the frequency 
level [red = high frequency, green = low frequency] 

Note: Right Figure

(a) The height of the chart indicated the frequency (higher 
chart indicated higher frequency)

Empty Coastal

Settlement

Highlight: Unanimous vote on abrasion as the cause of change in east coastal part (red grid) of Derawan Island



Results: Survey on Perceptions of Threats to Mangrove Ecosystem

Type of threats Modea %b

Natural disasters 10 31.58

Pollution (domestic wastes) 2 21.05

Illegal settlement 3 17.54

Increasing population 10 21.05

Charcoal making 8 19.30

Palm oil conversion 5 15.79

Mangrove cutting 1 45.61

Building infrastructure 6 22.81

Residential conversion 4 19.30

Fishponds conversion 9 19.30
aThe number indicates that (1) as the most damaging threats, and (10) as 

the least damaging threats;

bThe percentage showed the number of respondents who chose this threat 

in the that mode value

Mangrove

Identified the phenomenon of illegal cutting by outsiders, and 

how local fishermen communities create monitoring system 

cooperating with authority to protect the mangroves.



Discussion: Highlights of Triangulating Framework in Study Sites
Basis for community-based management initiatives on for blue carbon ecosystems

Basis for involvement 
of communities in the 
decision-making and 
policy level

Basis for involvement 
of communities to 
improve the human 
resources and 
education in the 
remote sensing (link to 
the carbon 
monitoring)



Take-home Message:
Inclusion of local communities in the conservation effort and monitoring of 

mangroves through engagement and understanding their perceptions

Local communities as the important stakeholders who conserve and benefited 

from mangrove, improving their capacity with knowledge and technology, as well 

as understanding their perceptions, will be the stepping stone for holistic approach 

of mangrove’s conservation



Open discussions



DPSIR Activity
Drivers, Pressures, State, Impacts, Responses

For conservation and sustainable management 

of mangrove (blue carbon) ecosystems



Although these studies provide estimates of 

mangrove cover, its losses, and gains, drivers of 

such change are oftentimes not clearly 

distinguished and/or largely overlooked

Why socio-ecological applications matter?

With the advancement of remote-sensing (and other 

GIS) applications, investigations of mangrove cover 

change dynamics are progressing very well 

Mangrove health index (MHI) -

Indonesia

Mangrove vegetation index 

(MVI)  - Philippines

Examples

Frequently identified at the local scale contexts (of course, 

embedded in multi-dimension of global influences) 
(Kohsaka 2010)

There are calls by the international scientific 

communities to capture the degradation and 

loss of biodiversity from direct drivers while 

reflecting indirect drivers (e.g., demographic, 

changes of lifestyles, values, and perceptions of 

resources) (IPBES 2018, 2019)

Thus, perceptions and behaviors of local 

communities are critical in addressing both direct 

and indirect drivers of mangrove cover changes

The loss and degradation of mangrove forests will result in the 

reduction and/or loss of their valuable ecosystem services which 

in turn affect those local communities depending on them 
(Primavera 2000; IPBES 2019)



The DPSIR Framework
(modified from Gabrielsen and Bosch 2003)

The Drivers-Pressures-State-Impact-Response (DPSIR) 

framework is a holistic problem-structuring tool that can be 

used to identify the causes, effects, and responses to 

change by unifying social and natural sciences, with 

the motivation to inform and support policy-makers
(Lewison et al. 2016; Patrício et al. 2016)

The key strength of this framework is that it can identify the 

relationships in environmental management by establishing 

a chain of causal links from ‘driving forces’ which put 

‘pressures’ in the society’s ‘state’, thereby resulting in 

certain ‘impacts’ that will lead to various ‘responses’
(Kristensen, 2004)

Applying DPSIR in the context of mangroves

• Evaluating the anthropogenic factors of mangrove 

changes in Malaysia (Sarmin et al. 2016)

• Pressing issues affecting mangrove communities in 

Mexico (Ávila-Flores et al. 2017)

• Changing political and economic processes as key 

drivers leading to land-use change and declining states 

of mangroves in Vietnam, Zanzibar, and Brazil 
(Quinn et al. 2017)



Examples of applying the DPSIR with community perceptions

Community perceptions of long-term 

mangrove cover changes and its drivers from 

a typhoon-prone province in the Philippines
Quevedo JMD, Uchiyama Y, Kohsaka R. 2021 

Ambio. DOI: 10.1007/s13280-021-01608-9 

✓ Local communities

✓ Perceived and observed changes

✓ Identified the proximate (direct) and 

underlying (indirect) drivers of mangrove 

cover changes

✓ Ranked the different drivers

✓ Complemented the GIS-derived data



A blue carbon ecosystems qualitative 

assessment applying the DPSIR framework: 

Local perspective of global benefits and 

contributions 
Quevedo JMD, Uchiyama Y, Kohsaka R.

Marine Policy, 128: 104462 

DOI: 10.1016/j.marpol.2021.104462

Mangroves in Busuanga, 

Palawan Province, Philippines

Examples of applying the DPSIR with community perceptions

✓ Local policymakers

✓ Key informant interviews

✓ Thematic analysis using the 

DPSIR components

✓ Identified the DPSIR 

components



DPSIR Activity
Drivers, Pressures, State, Impacts, Responses

To identify the different driving forces, pressures, state 

changes, impacts, and existing (future) responses from 

various stakeholders’ perspectives 

Provides initial knowledge (overview) of the 

mangrove conditions, threats, and management 

directives in your area, which can be used for future 

in-depth analysis of mangrove cover changes



DPSIR Activity
Drivers, Pressures, State, Impacts, Responses

Questionnaire
Based on your observations in your locality (chosen 

area), kindly check all applicable in terms of D-P-S-I-R
https://forms.gle/JBGfr6uAptdnBTqv7

Please use the “others” option if there are D-P-S-I-R 

that are not listed. Please be specific as possible.



Open discussions



Session wrap up
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A challenge in using the framework is the 

definition and interpretation of the different 

components 

To reduce the error, a set of 

definitions and some examples of 

each component from previous 

studies should be strictly followed
(Gabrielsen and Bosch 2003; Kristensen 2004; 

Mateus and Campuzano, 2008; Butler et al., 

2014; Lewison et al., 2016; Oesterwind et al., 

2016) 


