Pre prints.org

Article Not peer-reviewed version

Climate Change, Sustainable Forest
Management, ICT Nexus, and the SDG
2030: A Systems Thinking Approach

Ernesto Empig i , Ahmet Sivacioglu , Renato Pacaldo , Peter Suson, Rabby Lavilles , Maria Rizalia Teves,

Maria Cecilia Ferolin , Ruben Amparado, Jr. :

Posted Date: 20 February 2023
doi: 10.20944/preprints202302.0330v1

Keywords: integration; climate change; sustainable forest management; information and communication
technology; sustainable development goals; systems thinking approach

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/267795
https://sciprofiles.com/profile/471258
https://sciprofiles.com/profile/2876959
https://sciprofiles.com/profile/1936758

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 February 2023 doi:10.20944/preprints202302.0330.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Climate Change, Sustainable Forest Management,
ICT Nexus, and the SDG 2030: A Systems Thinking
Approach

Ernesto E. Empig *, Ahmet Sivacioglu 2, Renato S. Pacaldo 3, Peter D. Suson !, Rabby Q. Lavilles
1, Maria Rizalia Y. Teves 1, Maria Cecilia M. Ferolin ! and Ruben F. Amparado Jr. *

! Mindanao State University — Iligan Institute of Technology, Philippines; webteam@g.msuiit.edu.ph

2 College of Forestry, Kastamonu University, Province of Kastamonu, Turkey

3 College of Forestry and Environmental Studies, Mindanao State University — Marawi City, Philippines;
webteam@msumain.edu.ph

Correspondence: rnesto.empig@g.msuiit.edu.ph; ruben.amparado@g.msuiit.edu.ph

Abstract: The 2030 global agenda of the United Nations emphasizes peace, human rights, gender equality,
partnership, and women's empowerment. It balances the social, economic, and environmental dimensions of
sustainable development. The SDG framework was designed to be integrated and indivisible, making the
interconnections of 17 Goals and 169 Sustainable Development Goals Targets (SDTs) more complex that need
extensive and intensive investigative research. Recent studies have increased on the interrelationships of SDGs,
but none of these have focused on integrating Climate Change (CC), Sustainable Forest Management (SFM),
and Information and Communication Technology (ICT), also known as CSI-Nexus. This study aims to
investigate and identify the 169 SDTs linked to CC, SFM, and ICT and assesses the significance of the
relationships between these variables. The alignment of SDTs to CSI-Nexus was identified through clustering
and mapping techniques. The result argued that 56 SDTs are directly connected within CC+SFM+ICT, 16 within
CC+SFM, one within SFM+ICT, and 51 within ICT+CC. Our result suggests that CC is significantly associated
with SFM; however, ICT has no significant association with CC and SFM. It further asserts that the ICT and
SFM have minimal influence on the SDG 2030 framework. The proposed CSI-Nexus and SDTs Integration
Framework was a science-informed guide for priority-setting, policy coherence, and decision-making
supporting the 2030 Sustainable Development Goals. This study does not include interactions, network
analysis and visualization, simulations, and modeling between SDG targets.

Keywords: integration; climate change; sustainable forest management; information and communication
technology; sustainable development goals; systems thinking approach

1. Introduction

In the past seven years, the member states of the United Nations adopted the 2030 global agenda
of sustainable development, known as Sustainable Development Goals (SDG), on September 25, 2015.
The SDG consists of 17 Goals, 169 SDG targets (SDTs), and 231 SDG indicators (SDIs) [1] that seek to
realize people's human rights, gender equality, and the empowerment of all women and girls. They
are seen as an indivisible and interconnected network that balances the three pillars of sustainable
development, namely, social (So), economic (Ec), and environmental (En) dimensions [2,3]. The SDG
framework is designed to be a network of 169 targets [4,5] that are intertwined. Blanc said that the
SDG goals and targets should be considered a network [5]. He used network analysis to determine
how strong the connections between the goals and targets were. His research shows that some SDTs
are well-connected, while other parts of the network have weaker links to the rest of the system. After
his paper came out, a number of studies mapped, explored, and looked into SDG links both inside
and outside the network systems [5]. Likewise, several studies examined how SDGs are connected to
the Venn diagram of sustainable development [4,6]; mapped the relationship, interaction,
interlinkages, and synergy and trade-off of the SDGs [7-9]. Other studies integrated other frameworks
into the system's network of SDGs, such as policy coherence and education [10,11].
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The interconnection of all the targets is indisputable and crucial in achieving the 2030 Global
Agenda. Moreover, the integration of Climate Change (CC) and Sustainable Forest Management
(SFM) are explicitly included in SDG 13 and 15, respectively. At the same time, Information and
Communication Technology (ICT) is implicitly stated in other Goals [12]. Groundbreaking
contributions have been made to connecting the SDG with energy interlinkages [13], global learning
[14], SDG 14 - Life below water [15], SDG 9 — Industry, Innovation, Infrastructure [16], and oceans.
More research would be needed to strengthen the evidence of linkages with other goals and targets
[9] due to the significant gaps in the existing information about the examination of interlinkages and
inadequate investigations on interactions between and among the 169 SDTs [17]. The complexity of
the intricate network of interlinkages between the SDGs is one of the main difficulties the signatory
countries will need to overcome and comprehend, considering their universal and integrated nature
[18]. Therefore, to our knowledge, no existing study has yet been conducted specifically in integrating
climate change, sustainable forest management, ICT, and the SDG 2030. This study has two
objectives: (a) to investigate and identify the SDTs aligned and connected to CC, SFM, and ICT; and
(b) to assess the significant relationships between and among CC, SFM, and ICT. It was hypothesized
in this study that no significant associations exist between and among the CC, SFM, and ICT
components. It used the meta-analysis approach as a data source linking the CC, SFM, ICT, and SDTs
using systems thinking approach through mapping of SDTs in an affiliation matrix table and
quantifying the frequency distributions of SDTs to CSI Nexus.

1.1. Relationships Between and Among CC, SFM, and ICT

Human-caused climate change affects 85 percent of the world's population [19,20]. Scientists say
global warming will have direct, worsening, and eventually irreversible effects on the world,
including more heatwaves, droughts, floods, extreme weather, climate-sensitive jobs, poverty, and
poor health. Those populations and ecosystems least able to adapt are hit the hardest [21,22]. A
dramatic increase in greenhouse gas emissions from anthropogenic activities has caused
approximately 1.1°C warming, likely reaching 1.5°C within the next 20 years [23]. Evidence suggests
that the ecological connection between climate change and forests is essential for addressing the
adverse effects of global warming. It is well known that forests are both a cause and a solution for
greenhouse gas emissions, preventing forest ecosystem loss and degradation [24,25]. Promoting their
restoration could help with more than a third of the total carbon reduction needed by 2030 to achieve
the goals of the Paris Agreement [26]. However, despite the benefits of forests and trees, deforestation
and desertification continue at a high rate due to human activities and climate change, endangering
millions of people [27].Similarly, several studies demonstrate that ICT has been recognized to combat
climate change [28-30] by revealing changing climate signals, analyzing, and modeling climate
change; and implementing mitigation and adaptation measures to improve human resilience.
Cutting-edge ICT innovations have been identified as practical means of combating climate change
[29,31,32]. Literature indicates that ICTs have been utilized in sustainable forest management (SFM)
for mapping and monitoring forest resources and environmental threats and promoting sustainable
forestry practices [33].

1.2. Connecting CC, SFM, ICT, and the 17 SDG Targets

One hundred ninety-seven countries signed the Paris Agreement to combat climate change,
adapt to its effects, and aid developing nations [34]. The U.N. member countries adopted the 2030
Agenda for Sustainable Development in 2015, which includes SDG 13 on climate action and SDG 15
on Life on Land [2]. Several studies have explored the interconnections of Climate change and the
SDGs. Fuso Nerini et al. connected 72 SDG targets (SDTs) [35]; Intergovernmental Panel for Climate
Change (IPCC) linked the 121 SDTs to CC [36]; Food and Agriculture Organization (FAO) delineated
the interlinkages, synergies, and trade-offs between Climate-Smart Agriculture (CSA) and connected
89 SDTs [37]. Lastly, Zhou et al. examined ten pieces of literature to establish the interconnections of
169 targets and interlinked 131 SDTs associated with SDG 13 [17].
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Several pieces of literature connect SFM and SDGs, e.g., agroforestry as the nexus of SDGs [37];
the impacts of the SDGs on forest and people [38]; the SDGs, forest, and the role of Austrian forestry
[39], and SDGs, and the forest sector - complex relationship [40]. SDG 15 - Life on Land, specifically
the SFM, seeks to maintain, restore, and promote sustainable use of terrestrial ecosystems,
sustainably manage forests, battle desertification, and halt and reverse land degradation and
biodiversity loss [3]. However, few literatures were conducted to align SFM with 169 SDTs: (1) The
State of the World’s Forests 2018 - Forest Pathways to Sustainable Development assesses forests'
contribution to 28 SDTs [38]; (2) the Organization-led Initiatives in support of United Nations Forum
on Forest (OLI-UNFF) developed a worldwide core set of forest indicators to support the 2030 SDGs
and connects 17 SDTs [39]; (3) Forest Stewardship Council (FSC) is the world's leading system for
promoting sustainable forest management, with a focus on mobilizing consumers through chain of
custody and labeling schemes identified 40 SDTs connected to SEM [40]; Lastly, (4) World Business
Council for Sustainable Development — Forest Solutions Group (WBCSD-FSG) forests roadmap
outlines the forest sector's most impactful contributions through process, product, and partnership
innovation and provides attainable pathways to help achieve the SDGs through impact opportunities
and pathways that include specific actions, key enablers, and partners to engage with and are
mapped to 43 SDG targets [41].

ICT is a known SDG catalyst [42], it accelerates and measures SDG implementation until 2030.
Although ICT-related SDG targets were implicitly distributed to different SDGs, several studies
explored and investigated their connectedness with each other. Four of them were included in this
study; namely, (1) Huawei (2018) used ICT SDGs Benchmark 2018 to gauge progress and examines
how countries might employ digital technology to boost social and economic advancement, and they
aligned 55 SDTs in their report [43]; (2) Ericsson and The Earth Institute Columbia University (EICU)
said that ICT could accelerate SDG action by scaling up health, education, financial services, smart
agriculture, and low-carbon energy systems; reduce urban and rural deployment costs; increase
public engagement; innovation, connectivity, productivity, and efficiency across sectors; and
improving services and jobs faster through 27 ICT-related SDTs [42]; (3) The World Summit on the
Information Society (WSIS) produced a WSIS-SDG Matrix to map SDG targets to WSIS-Action lines
and they aligned 83 SDTs to ICT [44]; (4) The Partnership on Measuring ICT for Development (PMID)
has spearheaded international ICT monitoring and awareness-raising. Their collaboration has
underlined the relevance of ICTs in attaining the SDGs and established and aligned 27 ICT-related
SDTs [45].

1.3. Systems thinking Approach and the Sustainable Development Goals

The integration and indivisible nature of SDGs as a framework could become more complex if
treated as one whole network. Previous studies have emphasized that it is difficult to understand the
interactions of 169 SDG targets because they all affect each other [18,46]. Analyzing the complexity
of interconnections of all targets needs an approach that uses or analyzes a system [47,48].

Many authors have focused on the components of systems thinking but have neglected to detail
what systems thinking is. Some defined Systems Thinking vaguely, while others have simplified
Systems Thinking too much. Both approaches have failed to capture the systemic essence of System
Thinking as it is. Therefore, a new definition is proposed [49]:

“Systems thinking is a set of synergistic analytic skills used to improve the capability of identifying and
understanding systems, predicting their behaviors, and devising modifications to them to produce desired
effects. These skills work together as a system.”

Recently, a growing study in sustainable development using systems thinking approach is
increasing because of the SDGs' complexity, integration, and indivisible nature. Echendu used
systems thinking to assess how Nigeria's floods affected all food security components and the SDGs
[50]. Clark et al. conducted an exploratory study using the systems thinking approach and presented
an 18th SDG called Digital Connection [51]; Stead used the systems thinking approach to
strengthening the aquaculture policy for U.N. SDGs [52]. With the popularity of the systems thinking
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approach, this study used this technique in integrating the CC, SFM, ICT, and the SDTs for
interlinkages analysis and visualization.

2. Materials and Methods

This study has two objectives: (a) to investigate and identify SDG targets aligned and connected
to CC, SFM, and ICT, and (b) to assess the relationships between and among CC, SFM, and ICT. It
uses two research techniques: the systems thinking approach [53,54] and the quantification of the
SDTs' interlinkages [17].

The phase process diagram in Figure 1 depicts the analytical process of integrating CC, SFM,
ICT, and the SDG Framework from a siloed structure to a network system. Phase 1 utilized a circle
relationship diagram to illustrate the four groups of data sources, namely: 169 SDTs [2,55], Climate
Change [17,35-37], Sustainable Forest Management [38-41], Information and Communication
Technology [42-45]. Phase 2 made use of a Venn diagram to merge the four distinct groups, CC, SEM,
ICT, and 169 SDTs. In Phase 3, the researchers quantified and analyzed the degree of connectivity
and link between CC, SFM, ICT, and SDTs to develop the integrated CSI-Nexus and SDTs

Framework.
CcC
CC
SFM
Integrated CSI
169 A Nexus and
SDTs SEM SDTs
Framework
169 SDTs
el ICT

Phase 1: Identification of SDTs that
are aligned to CC, SFM, and ICT

Phase 2: Mapping and integration of
SDTs to CC, SFM, ICT

Phase 3: Quantification of
Integrated CSI Nexus and SDTs

Figure 1. Analytical Framework for Integrating CC, SFM, ICT, and the SDTs.

2.1. Phase 1: Identification of SDTs that are Aligned to CC, SFM, and ICT

Several researchers have utilized the existing literature to determine the SDG linkages [16,35,56].
This study gathered its data sources from twelve (12) pieces of literature: 4 articles of literature on
climate change, four on sustainable forest management, and four on ICT. Different research databases
were used, such as Google Scholar®, Science Direct®, MDPI®, Scopus®, Directory of Open Access
Journal®, and Microsoft Academic®. The keywords used in the search engine were a combination of
["Sustainable Development Goals"] AND ["Climate Change" OR Forest OR ICT] AND [mapping OR
integration OR connect OR interlink] in the title field of the search engine. All literature was then
imported to Reference Management Software EndNote 20 to filter duplicates and unnecessary
literature. Based on the intensive literature review, the twelve references of sources of connection and
the number of aligned SDTs are listed in Table 1.

Table 1. List of Twelve Literature as Data Sources of CC, SFM, and ICT integration.

Climate Change Sustainable Forest Management Information and Communication
(CO) (SFM) Technology (ICT

. SDGs & . SDGs & . SDGs &

ode Literature SDTs Code Literature SDTs Code Literature SDTs

Nerini, F. F., et al,,

CC1 2019 16 & 72 SFM1 FAO, 2018 11&28 ICT1 PMID, 2019 11 & 27
cC2 IPCC, 2018 17 & 121 SFM2 OLI-UNFF, 2016 8& 17 ICT2  ITU-WSIS, 2015 17 & 83
CC3 FAOQ, 2019 17 & 89 SFM3 FSC, 2019 14 &40 ICT3 Huawei, 2018 6 & 55
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2.2. Phase 2: Mapping and Clustering of SDTs to CC, SFM, and ICT

The current study maps the linkages of SDTs to CC, SFM, and ICT and clusters them into
CC+SFM (CS), SEMHICT (SI), ICT+CC (IC), and CC+SFM+ICT (CSI) using affiliation matrix mapping
techniques. It is a two-mode rectangular network used to collect survey data. A 2-mode matrix or
bimodal matrix describes the organizations, events, labels, nations, or activities (mode 1) with which
nodes (mode 2) are linked. It describes the participation of a specific group in a specific event. It
contains actor and event nodes [57]. The direct connections were mapped into an "affiliation matrix"
in this study, a table with rows for the 169 SDTs and columns for the CC, SFM, and ICT. If there was
a relationship between two rows or columns, it was indicated with a "1" otherwise, it was indicated
with a "0" (see Table 2).

Table 2. Affiliation matrix of SDGs and the 12 Literature of CC, SFM, and ICT.

Affiliation Matrix of Climate Change, Sustainable Forest ICT, SD, 5P, SDG, and SDGT
Climate Change z Information &
Mitigationand ;‘“"’""’]“f‘;ﬁ; Communiestion o ,;":IT (csh CC-SFMUCT Integration
Adaptation (CC) Ariagenint (SEM) Technology (ICT) ki
-
o> - =
a S = 3] S
s &, o ; Z | = el
! 2 2 = :
169 Targets | & g Z(2|2 28 3|8 5 22|56 E
g P Gl Bt g|Z|8|s|= ; R g
¥ = £ 28 SB |8 g3 Slola|ElwlElE|lS
“ = slale 1B = &) e OIS |S B (OB 24
Target 1.1 0lola olololo]a o1 ]ofloalofolo]o
- wjofo]o ofelo]o]ae olofoJo[1JoJo]o
1 our v oleluoo]v]o]a vlo oo o]a]o
b.is & oo [0 ] t{ofofofofalolo
5% & 1 o] . TN (e 0 RaiRoilkon e
ofofofolofolale ofofofofifolo]o
[ofofofofo oo ool iJofolofofo

The systems thinking approach is one of the most utilized methods for determining network
connections, making the complexity of network systems easier to understand through network
visualization. According to Pereira et al. and Laumann et al., one of the primary challenges that
countries will face is understanding the nature and complexity of the intricate network of
interlinkages between the SDGs, given their universal and integrated nature [18,46].

The open-source software Gephi® is used for network analysis and visualization of
interlinkages. The CSI-SDT integration network is built in three stages. The first technique is based
on the direct alignment of SDTs to CSl identified by the 12 selected publications (4 pieces of literature
in each CSI cluster). A preferential attachment network is used in the thematic clustering of CC, SFM,
and ICT interlinkages. Figure 2a depicts the complex network visualization of the 12 data sources
(CC1toCC4,SFM 1 to SEM 4, and ICT 1 to ICT 4), having 181 nodes and 733 edges. The nodes were
color coded based on the clusters, such as: pink (CC+SFM+ICT), purple (CC+SFM), yellow
(SEMHICT), orange (ICT+CC), blue (CC), orange (ICT), dark blue (CC), dark green (SFM), dark orange
(ICT), and gray (No Connection). We simplified the interconnections of the network by combining
the four similar hubs into a single network with 155 nodes and 332 edges undirected graphs. The
integrated network system was integrated into three hubs, namely CC, SFM, and ICT, and deleted
all SDTs with zero and one interconnection (Figure 2b).
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Figure 2. Network Visualization of the Interconnections of SDTs to CC, SFM, and ICT: a)
Interconnections of CC1-CC4, SFM1-SFM4, and ICT1-ICT4; b) Simplified Interconnections of
combining CC, SFM, and ICT.

2.3. Phase 3: Quantification of the relationships of CC, SFM, and ICT

This study employs social network analysis to determine the interconnection between CSI-
Nexus and the SDTs and its network centralities, encompassing degree, closeness, betweenness, and
eigenvector. In addition, quantitative research is utilized to evaluate the statistical frequency
distributions of the SDTs, and Spearman’s rho correlations were conducted to determine the
association between CC, SFM, and ICT.

A network consists of nodes and links between them, and each edge may be weighted or
unweighted [58]. Moreover, a new body of research is emerging on using social network analysis to
identify the most central nodes of the network systems through centrality measures, such as degree,
distance, betweenness, and eigenvector [59,60].

This study used the statistical network centrality metrics to determine the most significant
targets in the CSI-Nexus and SDTs integration. The following measurements were used: 1) Degree
centrality measures the number of edges connected to the SDT node, which indicates that with a high
degree of centrality, it has broader interactions with other targets; 2) Closeness centrality is a path-
based measure of Centrality, which indicates that an SDT node with high closeness centrality is closer
to all the targets of the network than a node with low closeness centrality; 3) Betweenness centrality
measures the extent to which a node lies on the paths between other nodes, which implies that the
nodes with high betweenness centrality may have considerable influence within a network due to
their ability of control over the information passing between others; and 4) Eigenvector centrality
takes into account not only how many neighbors a node has but also whether it has significant
neighbors, e.g., central points in the network. A high eigenvector centrality target interacts widely
with other targets and connects to influential targets strategically.

All the data collected and plotted in the affiliation matrix was then inputted into the spreadsheet
as a dataset composed of nodes (targets) and edges (connection). The process in building the network
CSI-SDT for analysis is as follows: First, prepare two spreadsheets, one was for the node that contains
two columns for the ID, Label, and other information describing the nodes, e.g., Id — 1; Label - 1.1;
Description = Target 1.1: Eradicate extreme poverty; SDG — Goal 1; CSI Cluster — CC+SFM, etc., and
save itin CSV format. The second file was for the edges that contain four columns, such as the Source,
Target, Type, and Weight, e.g., Source — CC; Target — 1.1; Type — Undirected; Weight — 1 and saved
in CSV format. Secondly, import these two files (Node.csv and Edges.csv) into a Social Network
Analysis (SNA) software like Gephi® for statistical network analysis and visualization. Lastly,


https://doi.org/10.20944/preprints202302.0330.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 February 2023 doi:10.20944/preprints202302.0330.v1

simulate the network based on the desired output appearance of the nodes (color, size, layout) and
the network analysis using statistics and filters. Figure 3 illustrates the Graphical User Interface (GUI)
of the network analysis and visualization using Gephi®. It displayed the color-coded degree
centrality; the number of nodes (127), edges (304), and type of graph (undirected); and the network
statistics such as average degree, average weighted degree, network diameter, eigenvector centrality,
etc. The data laboratory displayed the result of network centralities such as the degree centrality,
distance, betweenness, and eigenvector.
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Figure 3. [llustration of Network Analysis and Visualization of the Interconnections of CSI and SDTs
using Gephi: a) Network visualization of CSI-SDT Integration; b) Network Analysis Showing the data
table of Network Centrality.

2.4. Statistical Test of Relationship Between and among CSI and SDTs Integration

The Descriptive Frequency Distribution and Spearman’s rho Correlation were used to test the
percentage distributions and the significance of the relationship between CC, SFM, and ICT. Their
connections were rated based on whether the SDG target is aligned, with a score of 0 (no) or 1 (yes).
The number of edges connected to the targets was determined by the width of the lines connecting
the two nodes. Each SDT was given a score of 0 for no connection, 1 for a weak connection, 2 for a
moderate connection, 3 for a strong connection, and 4 for a very strong connection. Also, the 12 pieces
of literature that combined the CC, SFM, and ICT total scores were given ratings of No Connection
(0), Weak Connection (1-4), Moderate Connection (5-8), and Strong Connection (9-12).

The 169 SDG targets were then grouped into four (4) clusters of CSI Nexus: CC+SFM (CS) if the
target is linked to climate change and sustainable forest management, SEM+ICT (SI) if the target is
connected to climate change and sustainable forest management; ICT+CC (IC) if the target is related
to information and communication technology and climate change; and lastly, CC+SFM+ICT (CSI) if
the target is connected with climate change, sustainable forest management, and information and
communication technology.

3. Results

3.1. Interconnection of SDTs to CC, SFM, and ICT

There were 12 sources of literature used in data collection of the alignment of SDTs to CC, SFM,
and ICT. The connections of the SDTs into three components of CSI-Nexus depend on four possible
clusters, namely, CC+SFM, SEM+ICT, ICT+CC, and CC+SEM+ICT. Moreover, the affiliation matrix
shown in Table 2 was the alignment and the clustering of SDTs to CC, SFM, and ICT. Table 2 also
indicates that of 169 SDTs, 159 were aligned to CC with 413 interconnections, SFM has a total of 73
SDTs with 128 interconnections, and ICT has a total of 116 SDTs with 192 interconnections. The
affiliation matrix table implies that CC dominates the interconnections, followed by ICT and SFM.
Table 3 shows the SDTs frequency distributions of the CSI Nexus. The strength of the connection was
determined through the total number of connected targets in the CSI clusters. The result suggests that
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16 SDTs were interconnected with the CC+SFM cluster; only one target is connected to the SEM+ICT;
51 SDTs were connected to the ICT+CC; and 56 SDTs were connected to the CC+SFM+ICT.

Table 3. Frequency Distribution of SDG Targets to CC, SFM, and ICT Clusters.

Strength of Connection

CSI Clusters ~ Counts Weak Connection Moderate Connection Strong Connection
CC + SFM 16 63.8.7.12.1,123, 164,171  1-1,21,64,6.5,6.6,8.4,838,12.2,
13.0, 14.1
SFM 1 ICT 1 157

2.5, 2.,3.1,3.6,3.a,3.b, 3.c, 3.,
4a, 4b,52,53,54, 6.a, 6b,92, 1.b,2.a,3.2,3.4,42,4.5,7.b,8.1,
ICT+CC 51 9.5, 9.b,10.3,11.2,11.a,11.b,11.c, 8.10, 9.4,9.a, 9.c,10.2,11.5,
12.4,12.b, 14.a, 15.6, 15.9, 16.1, 16.a, 13.b,17.6
16.b,17.8,17.16, 17.18,17.19

1.5,2.3,2.4,3.3,3.8,3.9,4.1, 4.3,
44,4.7,5.1,5.a,7.3,7.a,82,8.5,
5.¢,11.7,15.8,15.a, 15.c, 16.3, 16.5, 8.9,9.1,9.3,11.1, 11.3, 11.4, 11.6,1.4,5.5,5.b, 7.1, 7.2, 8.3,
17.9,17.11 12.5,12.6,12.7,12.8, 12.a, 13.1,  15.1,15.2,15.3,15.5
13.2,13.3,15.4, 15.b, 16.6, 16.7,
17.14,17.17

Note. The alphanumeric (e.g., 1.a, 1.b, 2.a) is an SDT that indicates the Means of Implementation of the different

CC+SFM + ICT 56

targets included in the specific goal. The Likert scale used the number of interconnections of SDT as follows: 1
to 4 - Weak Connection, 5 to 8 - Moderate Connection, and 9 to 12 - Strong Connection.

3.2. Descriptive Analysis and Comparison of the Frequency Distributions of CC, SFM, and ICT

Figure 4 shows the percentage distribution of 169 SDG targets based on their strength of
connections. It suggests that most (23% + 28% = 51%) of the SDT were strongly and very strongly
connected to CC, while only a few were strongly and very strongly connected to SEM (6%+4%=10%)
and ICT (11%+2%= 13%). On the contrary, the findings also showed that most of the SDTs were not
connected with SFM (57%).

Frequency Distribution of CC., SFM. and ICT

ECC mSFM ICT

Percantage Distribtion of SDG Targets

No Commection Wedk Comection Moderate Connection Stong Conmection  Very Strong Cormection

Strength of Connect ions

Figure 4. Frequency distribution of SDG targets to CC, SFM, and ICT.

3.3. Network Visualization of the Interlinkages of CC, SEM, ICT, SD, and the SDT

This study simplified the complex interconnection of SDGs and CSI Nexus through systems
thinking approach using Gephi®. Figure 5 illustrates the results of the CSI-SDT network, which
reduced the number of nodes to 127 and edges (connections) to 304. It was found that 16 SDTs (Purple
Nodes) were connected to CC and SFM hubs, one (1) SDT (Yellow Node) connected to SFM and ICT
Hubs, 51 SDTs (Red nodes) connected to ICT and CC hubs, and 56 SDTs (Pink nodes) were connected
to CC, SFM, and ICT Hubs. Out of 169 SDTs, 124 were interconnected with CSI — Nexus. Thus,
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removing all SDTs with zero and one connection. The width of the edges depends on the number of
connections ranging from 1 to 4 lines. The thicker the width of the lines, the higher the number of
links, and the more lines connected, the larger the size of the nodes the more connected SDTs which
means the more significant the nodes are.

Figure 5. Network Visualization of the Integrated CSI-SDG Targets.

3.4. Assessment of the Relationships between the CC, SFM, ICT, and the SDTs

Figure 6 shows Spearman's rho Correlations Matrix between and among CC, SFM, and ICT,
illustrating their densities, statistics, and significant correlations. The CC revealed to not correlate
with ICT, rho = -.026, p = .736 but positively correlated and statistically significant with SFM, rho =
+.388, p <.001. Likewise, the ICT was positively correlated but had no significant relationship with
SFM, rho = .147, p = .057. In addition, Figure 6 shows the density curve, which suggested that the
majority of SDTs were strongly connected to CC; however, only a few numbers of SDTs were strongly
linked to SEM and ICT. The linear scatter plot was used to visualize the relationship between CC and
SFM, CC and ICT, and SFM and ICT. It used series of dots to observe trends and patterns. The slope
of the line of best fit of CC and SFM shows an increasing trends, indicating a positive correlation.
However, CC and ICT decreases, indicating negative correlations. Lastly, SFM and ICT relationships
shows a slightly increasing trend, indicating weak positive correlations between the two components.

. ccC SFM ICT
oy
EJ 0.2
A 0o oo S
(a)CC (g) SFM and CC (h) ICT and CC
0.0
g ] ’ Corr:
§ 1 ; - - N 0.147. SFM
2 4 - - -
g / (1) ICT and SFM
80 c1 @CCandsPM . . PISEM
- 4 4« - - - - - -
ED ad. . . . . . . . . IcT
2 .
n () CC and ICT (f) SFM and ICT (9 ICT

1 2 3 a 5 1 2 3 4 5 1 2 3 a 5

Strenght of Connection
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Figure 6. Correlation Matrix Plot of CC, SFM, and ICT. Note: The correlation matrix plot shows the
relationship of three variables, CC, SFM, and ICT, represented by the density curve, the scatter plot,
and the correlation coefficient: (a) Density curve of Climate Change (CC), (b) Density curve of
Sustainable Forest Management (SFM), (c) Density curve of Information and Communication
Technology (ICT); Visual relationship of two variable using dots and best fit line: (d) scatter plot of
CC and SFM, (e) scatter plot of CC and ICT, and (f) scatter plot of SFM and ICT; The correlation
coefficient of: (g) SFM and CC, (h) ICT and CC, and (i) ICT and SFM. The value for x and y axis
represents the strength of connections, with values ranging from 1 (no connection), 2 (weak
connection), 3 (moderate connection), 4 (strong connection), and 5 (very strong connection).

3.2.2. CSI-Nexus and the SDG 2030 Integration Framework

Figure 7 displays a simplified CSI-Nexus and SDG 2030 integration framework that includes CC,
SFM, ICT, and the SDT. It illustrates the significant relationships and correlations between CC, SFM,
and ICT, along with their connected SDTs. Significant associations and positive correlations were
found between the CC and SFM with 16 SDTs directly connected within the CC+SFM cluster of CSI-
nexus. SFM and ICT were positively correlated but had no significant association, with only 1 SDT
directly connected to them, called the SEM+ICT cluster. ICT and CC were negatively correlated but
with no significant association, and 51 SDTs were directly connected within the ICT+CC cluster.
Although ICT has no significant association with the CC and SFM, there were 56 SDTs strongly and
directly connected within the CC+SFM+IC cluster. The groupings of SDT in each cluster was just a
subset of 17 SDGs, e.g., G1 = {1.4,1.5} indicates that, in SDG 1-No Poverty, there were two targets
aligned to CC+SFMH+ICT cluster, one target, G1 = {1.1}, connected to CC+SFM cluster, and another one
target, G1 = {1.b}, connected to ICT+CC cluster.

SDTs directly connected to SFM Sustainable Forest SDT directly connected to SFM

Management
CC + SFM SFM +ICT
G15={15.7
Gl={L1}, G2={2.1}, }
G6{6.3,6.4,6.5,6.6},
G8={8.4,8.7,88}, o
GIZ=(1(2.1.12.2,I2,.3). GI={14,15}, G2=(2.324}, E
Gl3={13.a}, Gl4={14.1}, G3=(3g§3?s':‘i,95}3§:5(t,l£ ;’34. 47}, \ i
Gio=lind) GUEMTLY G7={7.1,7.2,73,7.a}, Gs:{sl,s.i,s,s,ss), =
% G9={9.1.93}, g
g8 GII={11.5,113,11.4,116,1.7}, g
g G12={12.5,12.6,12.7,12.8,12.a}, &
2 Eg: G13={13.1,13.2,133}, s
2 8 G15={15.1,15.2,15.3,15.4,15.5,15.8,15.8,15.b 3
a J5.c}, G16=(16.3,16.5,16.6,16.7},

G17={17.9,17.11,17.14,17.17}

Information and
Climate Change gttty S S S R e Communication
(CO) e mEanee Technology
aIcm

Gl={1b}, G2={252a2.c},
G3={3.1,32,34.3.632,3b3.c3d},
G4=({4.2,4.54.2,4.b), G5=(5.2,5.3 5.4},
SDTs directly connected to CC G6={6.0,6.b}, G7={7.b}, G8={8.1,8.10}, SDTs directly connected to ICT
G9={9.2,9.4,9.5,9.2,9.b}, G10={10.2},
fagiadi Gl1={11.2,11.5,11.b,11.¢},
SDT - Sustainable Development Target G12={124,12b}, G13={13.b},
G# - Sustainable Development Goal number Gl4={14.a}, G15={15.6,15.9},
L) <Erioam G16={16.1,16.8,16.b},
#.# - Sustainable development goal target number GI7={17.6,17.8.17.16.17.18,17.19)

#.a/b/c/d — Means of Implementation (MOI) of SDG targets

Figure 7. CSI Nexus and SDG 2030 Integration Framework.

4.0. Discussion

This section analyzes the interconnections of CC, SFM, and ICT to the 169 targets using two
different techniques: 1) mapping of interconnections using affiliation matrix and statistically
comparing the frequency distributions of CC, SFM, and ICT; and 2) Network analysis and
visualization of the interconnection of SDTs to CSI-Nexus.
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4.1. Connecting SDG Targets to CC, SFM, ICT, and SD

The first set of analyses examined the connections of 169 SDTs from the collected data of 12
pieces of literature covering the following themes, namely: CC, SFM, and ICT, by mapping their
alignment in the affiliation matrix table. Table 3 revealed that of 124 SDTs connected to CSI-Nexus,
there were only ten (10) strongly connected SDTs within the CC+SEM+ICT cluster, namely: targets
1.4,55,5b,7.1,7.2,8.3,15.1,15.2,15.3, 15.5. It includes 5 Goals: SDG 1 — No Poverty, SDG 5 — Gender
Equality, SDG 7 — Affordable and Clean Energy, SDG 8 — Decent Work and Economic growth, and
SDG 15 - Life on Land. It implies that these five (goals) are most significant in the CSI Nexus.

The detailed descriptions of 10 SDTs are as follows: Target 1.4 assures that all men and women,
especially the poor and vulnerable, have equal access to economic resources and basic services, land
ownership and control, inheritance, natural resources, new technology, and financial services,
including microfinance; Target 5.5 ensures women's full and effective involvement and equal
opportunities for leadership in political, economic, and public life; Target 5.b enhances the use of
enabling technologies, especially information and communications technology, to empower women;
Target 7.1 assures universal access to affordable, dependable, and modern energy services, while
Target 7.2 raises the worldwide proportion of renewable energy; Target 8.3 fosters development-
oriented policies that support productive activities, decent job creation, entrepreneurship, creativity,
and innovation, and the formalization and growth of micro-, small-, and medium-sized firms; Target
15.1 assures the conservation, restoration, and sustainable use of terrestrial and inland freshwater
ecosystems and their services, including forests, wetlands, mountains, and drylands; Target 15.2
supports sustainable forest management, halts deforestation, restores degraded forests, and increases
global afforestation and replanting; Target 15.3 combats desertification, restores degraded land and
soil, including land affected by desertification, drought, and floods, and strives to achieve a land
degradation-neutral world; Target 15.5 reduces the degradation of natural habitats, halts the loss of
biodiversity, and protects and prevents the extinction of threatened species.

Although the CC+SFM+ICT cluster have 56 targets, it is still of vital importance to focus on these
ten (10) targets by developing a policy that is consistent with the SDG targets and prioritizing and
aligning all projects for effective resource allocation. In this instance, all government agencies,
corporate sectors, and stakeholders involved in CC, SFM, and ICT can maximize their chances of
achieving the SDGs.

Figure 4 reveals the unbalanced distribution of the targets in which most SDTs were connected
to CC while only a few SDTs related to SFM and ICT. These results reflect those of Blanc et al. (2017),
who also found out that some targets are well-connected, and some have a weaker bond as they are
connected in one network system [61]. This study argued that to effectively address the CC
adaptation and mitigation, additional SDG targets aligned to sustainable forest management and ICT
must be considered. Moreover, Figure 7 shows that the majority of the 17 Goals of SDGs are
interconnected to CC (99%), SEM (65%), and ICT (63%) (Figure 6). If the analysis is at the level of the
17 SDGs, they are seen as interconnected and indivisible [2]. The findings show a blatant
misrepresentation between goals and targets, corroborating the study of Dalampira and Nastis (2020)
and Blanc et al. (2017) that the SDG Framework is designed to be a network of 169 Targets [4,61].
Their findings gave an impetus and the basis for the study to focus on analyzing the interconnections
of 169 SDTs to CC, SFM, and ICT.

Consequently, greenhouse gas emissions from fossil fuel consumption and deforestation are
choking our planet and endangering billions of people [20]. In addition, according to the latest report
of IPCC, climate change is already a code red for humanity. As a result, this study aimed to integrate
CC, SFM, and ICT based on the rationale of solving the environmental degradation and human risks
caused by climate change through sustainable management of the forest and the use of ICT to protect
the forest and combat the negative effect of climate change. Aye et al., found that climate change and
the forest are ecologically connected in that forests are both a cause and a solution for greenhouse gas
emissions [24]. The strong connection between climate change and sustainable forest management
was evident because of the dedicated inclusion of climate change in SDG 13 — Climate Action and
Sustainable Forest Management in SDG 15 — Life on Land [1]. Lima ef al. (2017) study investigated
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the potential synergies between SDGs and REDD+ (Reducing Emissions from Deforestation and
Forest Degradation), a climate mitigation mechanism negotiated under the auspices of the United
Nations Framework Convention on Climate Change, further strengthened their ties [62].

4.2. Network Analysis and Visualization of Integrating CSI-Nexus and SDTs

Figure 5 reveals that 56 SDTs (green color nodes) connect to the three network hubs of CSI
Nexus, namely, CC, SFM, and ICT, which were considered the core and significant SDG targets of
the network. The network also suggests that the connections can be extended further into the CC and
SFM hubs with 16 SDTs, SEM and ICT hubs with one (1) SDT, and CC and ICT hubs with 51 SDTs.
The complexity of the interconnections was simplified through network analysis and visualization.
In Figures 2a and 2b, it was challenging to identify which targets were connected to CC, SFM, and
ICT due to the higher number of edges and nodes connected individually, resulting in a messy
network. However, after running the statistical network analysis and combining all the linkages of
Climate Change [17,35-37], Sustainable Forest Management [38-41], and Information and
Communication Technology [42-45], we were able to simplify the interconnections of the network
as shown in Figure 5.

To identify the SDTs that interconnect CC, SFM, and ICT, the researchers eliminated 45 SDTs
connected in silos with 0 or 1 degree of connection and retained the 124 SDTs commonly associated
with two or more degree of connections. This study argued that, of the 124 SDTs connected to CSI-
Nexus, the 56 SDTs connected to CC+SFM+ICT should be given priority in resource allocation and
policy coherence because these were considered the most influential nodes in the network.

4.3. Assessment of the Relationships Between and Among CC, SFM, and ICT

The second objective of this study is to assess the relationships between and among CC, SFM,
and ICT. Using a Spearman Rho Correlation, the researchers analyzed and tested the null hypothesis,
"HO: that there are no significant relationships between and among climate change, sustainable forest
management, and information and communication technology."

The assessment of the relationship between CC and SFM, SFM and ICT, and ICT and CC are
described as follows: First, the relationship between CC and SFM was positive, moderate in strength,
and statistically highly significant, r = +.388, p <.001. The mean for CC was 3.44 (5D = 1.29), and the
mean for SFM was 1.76 (SD = 1.10). The difference in the mean indicates that SFM was weakly
connected as compared to CC, which was strongly linked to the SDG Framework. The results suggest
that more SDTs shall be aligned to SFM to increase its positive contribution to help achieve some of
the SDG targets that are related to CC. Second, the relationship between SEM and ICT was positive,
weak in strength, and statistically insignificant, r = +.014, p = .057. The mean for SFM was 1.76 (SD =
1.10), and the mean for ICT was 2.14 (SD =1.05). It indicates that SFM and ICT were weakly connected
to the SDG Framework. The result suggests that additional SDTs aligned with ICT are needed to
maximize the potential of using ICT to sustainably protect and manage the forest. Third, the
relationship between ICT and CC was negative, weak in strength, and statistically no significant r = -
.026, p =.736. The mean for ICT was 2.14 (SD = 1.05), and the mean for CC was 3.44 (SD = 1.29). It
indicates that ICT was moderately connected while CC was strongly linked to SDGs Framework.
Hence ICT and CC were negatively correlated, and there is a need to add more SDTs aligned with
ICT to strengthen its connections for CC mitigation. These findings were also supported by the study
of Aye et al. (2022), which suggest that forests are both a cause and a solution for greenhouse gas
emission and preventing forest ecosystem loss and degradation and promoting their restoration
could contribute more than one-third of the total climate change mitigation required by 2030 to
achieve the goals of the Paris Agreement [24,26].

Lastly, to emphasize the relationship between CC, SFM, and ICT, this research assessed the
hypothesis: "HO: There are no significant relationships between and among the CC, SEM, and ICT".
The results showed that the relationship between CC and SFM is highly significant. However, ICT
has no significant association with CC and SFM; hence, HO was rejected for the relationship between
CC and SFM but acceptable for the relationship between ICT and CC and ICT and SFM.
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4.4. CSI-Nexus and SDG 2030 Integration Framework

Figure 7 shows the CSI-Nexus and SDG 2030 Integration Framework, which indicates the
interconnection of 124 SDTs to the four (4) clusters, namely, CC+SFM, SEM+ICT, ICT+CC, and
CC+SFM+ICT. Although this study revealed that the ICT has no significant association with CC and
SFM, it can still be considered as significantly connected because of the 56 SDTs connected to
CC+SFM+ICT, 51 SDTs connected to ICT+CC, and one (1) SDT connected to SEM+ICT clusters of the
CSI - Nexus Network. On the other hand, CC and SFM were positively correlated and significantly
highly associated with each other interconnecting 16 SDTs in the CC+SFM cluster. SEM and ICT were
also interconnected with only one (1) SDT within the SEM+ICT cluster. The CSI-Nexus Framework
also suggests that the CC+SFM+ICT cluster consists of 14 goals, and 56 SDTs shall be the priority
agenda of all stakeholders in the field of CC, SFM, and ICT. The results impl0 that any institutions
involved in climate change, forestry, and ICT must focus their policies and resource allocation on the
identified targets for policy coherence as presented [17] and systemic and contextual prioritization of
implementing the Agenda 2030 of sustainable development [63].

5. Conclusions

In conclusion, this study integrated CC, SFM, and ICT into the SDG framework and analyzed
their relationships across 169 SDTs. CC was more connected than SEM and ICT. ICT's role in reducing
climate change and safeguarding forests is overlooked in the SDG framework. The study finds that
the SDG framework undervalues ICT's interlinkages to combat climate change.

This study found a significant positive association between CC and SFM, whereas ICT has a
negative relationship with CC and a positive relationship with SFM. According to the analysis of
SDG target connections, ICT has a limited impact on CC and SFM.

The SDGs' integrated design is simplified by this study. Decision-makers in diverse sectors may
prioritize initiatives and allocate resources to the most relevant SDTs aligned to CC, SFM, and ICT
based on the findings. Future study can utilize network simulations and modeling to identify more
significant and interdependent SDTs.

Finally, our analysis was limited by a lack of existing literature and an emphasis on centrality in
identifying SDTs linkages in the CSI-Nexus. SDT interactions and interdependencies must be studied
to determine their interrelationships and create a systems thinking paradigm.
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SDTs to CC, SFM, and ICT; Table S2: Affiliation matrix of CC, SFM, ICT, SDTs, and CSI-Nexus Clusters; Table
S3: Network Centrality Measures of Integrating CC, SFM, ICT, and SDTs; Table S4: Descriptions of Sustainable
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