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26 Introduction

27  The World Bank estimates that climate change could drag more than one hundred million people
28  back into extreme poverty by 2030, with a substantial part of this reversal attributable to negative
29  impacts on health (1). These health impacts include both the consequences of heatwaves(2) as well
30 as the consequences of other extreme weather events, including impacts on mental health (3-5)
31  and changing patterns of communicable diseases(6,7), resulting in increasing pressure on primary
32 healthcare systems(8). Despite global recognition of the impacts of climate change and health, the
33 2021 WHO health and climate change global survey reported that majority of countries’ climate
34  change and health plans are witnessing low to moderate implementation(9).Bottlenecks to
35 implementation include insufficient funding and budgets, research and evidence, prioritization,
36  multisectoral collaboration, a lack of engagement of health actors in in-country processes (9,10),
37 and the lack of mainstreaming of climate action to health systems policies and standards, known
38  as “thick mainstreaming” (11) The 2022 report of the Lancet Countdown on Health and Climate
39  Change argues that adopting the "Health Centered Approach" to climate change policy presents
40  an opportunity for a low carbon and resilient future. The report further suggests that the first step
41  to achieve this ambition is to develop context-specific responses to strengthening health systems,
42  which is essential for protecting populations from the negative impacts of climate change (12).

43
44  Climate change will disproportionately impact the Global South (13). For example, extreme

45  weather events caused damage across the globe with an approximate value of US$253 billion in
46 2021, particularly in countries with low Human Development Index (12) In Africa, extreme
47  weather events affected 19 million people and caused 4,000 deaths in 2022 (14). In Ghana,
48  hydrometeorological events have affected over sixteen million people and caused four hundred

49  deaths in the last 50 years(15). Secondly, climate change is shrinking Ghana’s forest and transition
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50 zones (16), with future projections suggesting that climate change will widen health(care)
51 inequities and intensify pressure on Ghana's health budget due to increased climate-sensitive
52  diseases and extreme climate events (17).

53  The government of Ghana initiated action to enhance the adaptation of its health system to climate
54  change in 2010. These efforts culminated in the implementation of a pilot climate change and
55  health project which was implemented by the Ministry of Health (MOH), with support from its
56  development partners, from 2010 to 2015. This pilot aimed to develop systems and response
57 mechanisms to mainstream climate change risk management into the health sector (18).
58  Furthermore, the Ministry mainstreamed change adaptation into the Health Sector’s Medium-term
59  Development Plans (HMDP) for the years 2010-2013 and 2014-2017 (19,20). Subsequently,
60  Ghana developed a National Climate Change Policy led by an inter-ministerial National Climate
61  Change Committee, which estimated the cost of adaptation actions, and recommended budget
62  allocations by its health ministry for climate action (21). In 2020, Ghana’s ministry of health
63  updated its healthcare waste management policy to enhance sustainable waste management by
64  healthcare facilities (22).

65

66  Since 2010, Ghana’s national-level climate change policy documents underscore the need for
67  action on climate change and health. The National Climate Change Adaptation Strategy 2010-
68 2020 (23) envisaged decentralized planning, implementation, and monitoring at the sub-national
69 level through broad intersectoral collaboration. Specific to health systems, it emphasizes the need
70  to build health workers' capacity, upgrade existing healthcare facilities, promote modern
71  information management systems, and strengthen rapid disaster response teams to cope with

72 climate change health-related challenges. Ghana's National Climate Change Master Action
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73 Programs for Implementation 2015-2020 dedicated policy action six to climate change and health
74  and developed a mechanism for mainstreaming climate action into health systems and increase the
75  number of functional Community-Based Health Planning and Services (CHPS) to scale up existing
76  interventions for effective management of associated risk and effects of climate change. The plan

77  incorporated fixed implementation timelines alongside monitoring and evaluation plans (24).

78  Amidst the increasing threats of climate change to health systems in Ghana and the lack of data on
79  health system vulnerabilities (25), this study aims to examine how Ghana's national-level climate-
80 resilient health systems agenda has translated to building climate-resilient PHCs and to identify
81  existing barriers to further mainstreaming. The study also aims to inform health systems
82  policymakers, researchers, and local government authorities on how to improve PHC systems

83  adaptation and further the national agenda for health systems adaptation to climate change.

sa Materials and Methods

85  Study Area
86  This study was conducted in the Upper East Region (UER) of Ghana. This region is prone to

87 multiple extreme weather events(26,27), witnessing reduced access to water and food, and
88  disruption of health services due to extreme weather events resulting in restricted access and
89  provision of health services in resource deprived, hard-to-reach communities (17,28). The region
90 has poor geographical access to health facilities and points of care (including diagnostics) (29,30),
91  high poverty rates (31), intermittent outbreaks of climate-sensitive conditions like cerebral spinal
92  meningitis (32), zoonotic diseases e.g. Anthrax(33,34), and endemic malaria(35). The UER has
93 fifteen administrative districts that are coterminous with PHCs. PHCs are key implementation units
94  of Ghana’s health systems. A PHC is overseen by a District Health Management Team (DHMT)
95 headed by a district director. Healthcare services are delivered through a network of Community
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96 Based Planning and services (CHPS) with a mandate of close-to client services, health centers
97  which are referral points for CHPS and a district hospital serving as the top referral facility within

98  the PHC structure.
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100  Fig 1. Map of the Upper East Region of Ghana showing study PHCs shaded in green ink.
101  Source: Authors’ construct.

102 Study Design

103  The study utilized mixed methods, involving vulnerability and impact assessment of PHCs and

104  PHC facilities using WHO guidance and checklist, and Key informant interviews using adapted
105  Consolidate Framework for Implementation Research Index (CFIR Index) interview guides to
106  understand context-specific facilitators and barriers to mainstream climate change adaptation and

107  mitigation into PHC operations.

108  As highlighted in Fig 2, the WHO operational framework for building climate -resilient health
109  systems(36) recommends the mainstreaming of climate-resilient and environmental sustainability

110  components into the six health systems building blocks of: leadership and governance, health
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111 workforce, health information systems, essential medical products and technologies, service
112 delivery, and climate financing. To enhance implementation and system -wide approaches, the
113 WHO provided further guidance on measuring the climate-resilience of health system(37),
114  building climate -resilient and environmentally sustainable healthcare facilities(38) and a checklist
115  for assessing the climate resilient and environmental sustainability of healthcare facilities(39). The
116  checklist supports health facility managers to conduct vulnerability and impact assessments, and
117  planning on the workforce, energy, infrastructure, technology and products and Water sanitation
118  hygiene and healthcare waste which are essential for functioning of healthcare facilities which are
119  critical for optimal running of healthcare facilities.
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121 Figure 2: The WHO operational framework for building climate-resilient health systems
122 Source: WHO guidelines for Climate-Resilient and Environmentally Sustainable Healthcare
123 Facilities(38)

124  To explore context-specific facilitators to mainstreaming climate change adaptation and mitigation
125 into PHC operations, we adapted open ended key-informant interview guides and Index

126  dimensions of the CFIR Index(40), an adaptation of the CFIR(41). Index dimensions were
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127  maintained, but questions were tailored to focus on PHC adaptation and mitigation using the WHO
128  frameworks for building climate-resilient health systems as a benchmark (Supplementary material
129 1). Table 1 highlights the adaptations made to the CFIR Index dimension. The CFIR Index
130  evaluates barriers and facilitators in the implementation of evidence-based practices. It comprises
131  four dimensions and twenty-nine sub-dimensional items. The CFIR Index utilizes qualitative data
132 with responses rated on a 5-point scale ranging from -2 (Barrier) to +2 (Facilitator). As part of the
133 adaptation to CFIR Index, the study utilized thematic analysis instead of quantification of
134  responses.
135 Table 1. CFIR Index Dimensions vs Adapted Themes
CFIR Index Dimensions | Study Adaptations No. | Index Sub-dimensions
1 Perceptions of the Perceptions of 4 Framework source, effectiveness, relative advantage,
intervention suitability of WHO testability, adaptability, complexity, and cost.
framework for PHC
2 [|Perceptions of the system | Perceptions of PHC 4 Clients’ needs and resources, peer pressure,
land community systems and network and connectivity, external policy, and
stakeholders incentives
3 |Perception of the Perceptions of PHC 14 Structural characteristics, networks and
[programme programming communication, culture, implementation climate,
attributes and culture tension for change, compatibility, relative priority,
organizational incentive, goals and feedback, learning
climate, readiness for implementation, leadership
engagement resource availability, access to
knowledge and information
4 [Perceptions of the Perceptions of PHC 4 Knowledge and beliefs about the WHO framework,
clinicians who will use managers’ self-efficacy, motivation, identification with
the intervention identification with framework
WHO framework
136
137 Sampling
138  Multi-stage sampling (42) was adopted for field research because PHCs are standardized (43) and
139  are guided by the same policies and standards. PHCs are subnational or district health systems
140 modelled around three-tier healthcare facility levels comprising Community-Based Health
141  Planning and Services (CHPS), health centers, district hospitals, and a District Health Management
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142  Team (DHMT) which is headed by a district director of health services who is responsible for
143 healthcare services in the District/PHC.(44,45).

144  The current study utilized the pre-existing health systems clustering(46) of East [which is the
145  Bawku Area and Kusasi speaking group and consists of six districts (Bawku Municipal, Bawku
146 West, Binduri, Garu, Tempane and Pusiga]; Central [which is the Grune speaking group and
147  consists of five Districts [Bolgatanga Municipal, Bolgatanga East, Talensi, Nabdam and Bongo];
148 and West [which is the Kasena-Nankana and Buili speaking areas and contains four Districts
149  [Kasena-Nankana West, Kasena-Nankane Municipal, Builsa North and South] (46). Binduri,
150  Talensi, and Builsa North Districts, were randomly selected from the East, Central, and West

151  clusters, respectively.

152 Study Participants
153  All members of the District Health Management Team (DHMT) and all PHC facility managers in

154  the study districts were invited to participate in vulnerability assessments of PHC systems and
155  PHC healthcare facilities, respectively. Between the 31% of October and the 25" of November
156 2022, District Directors of Health Services (DDHS) of each PHC were purposively sampled for
157 interviews on facilitators and barriers to mainstreaming climate change adaptation and mitigation
158 into PHC operations. After interviewing the directors, they recommended experienced PHC
159  facility managers for further interviews. Participation eligibility was based on their in-depth

160  knowledge of the operations of PHCs and health sector policies and guidelines(47).

161 Quantitative Data Collection
162  The current study utilized the World Health Organization frameworks for building and assessing

163  climate-resilient health systems (37,48,49) to assess the climate resilience of PHC systems and

164  healthcare facilities (CHPS, health centers/clinics, district hospitals). The WHO frameworks were
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165 chosen because they provide tools for the systemwide assessment of PHCs (50) and are

166  recommended for use by the Ghana government (24).

167 PHC system
168  The study adapted the suggested checklist within the WHO framework for measuring the climate

169  resilience of health systems (37) by removing questions targeting national health systems and
170  restricting the checklist to short-term risk (less than ten years). The restriction to short term was
171 because PHC managers typically implemented interventions that were guided by health system
172 policies that have a typical cycle of five to ten years. A “remarks” column was also created for
173 participants to provide further context around their answers (supplementary material 1). District
174  Health Management Team (DHMT) members of the participating PHCs or Districts underwent a
175  district-based half-day orientation on the framework. After orientation, each DHMT member
176  assessed their respective PHCs individually. Participants answered the questions in the checklist
177  using a 3-level scale: (3) Unprepared; unable to respond or unavailable, (2) incomplete or basic

178  preparation or in progress, and (1) prepared; achieved or completed as prescribed by the WHO.

179 PHC facilities

180 The WHO checklist for assessing climate resilience and environmentally sustainable healthcare
181  facilities in the context of climate change was used for assessments (49). First, a hazard
182  identification template was administered to PHC facilities managers to determine which climate
183  hazards they had observed their health facility have been exposed to between September 2021 and
184  September 2022. After analyzing and determining healthcare facility-specific hazards, the
185  responding managers were invited to participate in a two-day district-based orientation and
186  vulnerability assessment of their respective healthcare facilities. All risks were evaluated based on
187  three options: (3), Unprepared or high risk, (2) Incomplete preparation or medium risk and (1)

188  Prepared or low risk as recommended by the WHO checklist. The WHO checklist focuses on the
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189  healthcare facility components of Health Workforce; Water, Sanitation, Hygiene and Healthcare

190  waste; Energy; and Infrastructure, Technology, products, and processes.

191 Qualitative Data Collection

192 Key-Informant Interviews
193  The current study adapted the Consolidated Framework for Implementation Research (CFIR)

194  Index (40) interview guides to explore PHC managers’ views on facilitators and barriers to
195 mainstreaming the WHO frameworks for climate change adaptation and mitigation into PHC
196  operations. The guides were based on questions exploring the suitability of the WHO framework
197 for PHC, PHC systems and stakeholders, PHC programming culture and PHC managers
198  identification with WHO framework (supplementary material 2). At the beginning of the
199 interviews, a PowerPoint presentation was used to refresh participants on the relevant WHO

200 frameworks (37,48-50).

200 Data Analysis

202 Quantitative Data Analysis
203  The vulnerability of each PHC system was determined by calculating the average score of the

204  individual assessments of all participating DHMT members. Based on the average score, we
205 classified the level of climate resilience into 3 (unprepared), 2 (incomplete preparation) or 1
206  (prepared). Similarly, the average score from each health facility checklist was used to classify the
207  level of vulnerability into three options: (3), Unprepared or high risk, (2) Incomplete preparation
208  or medium risk and (1) Prepared or low risk. Even though the WHO checklist does not provide
209  consolidated scoring like similar indexes (51) , the study adopted the average score per assessment
210  to help participants get a clearer understanding of the overall preparedness or vulnerability of their
211 respective PHCs and healthcare facilities.

212
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213 Qualitative Data Analysis
214  The analysis of qualitative data involved the verbatim transcription of eighteen audio recordings

215  of key informant interviews. Transcriptions were coded by thoroughly reading data, identifying
216  issues, reflecting on their meanings, and capturing them as codes. We developed a codebook
217  containing descriptions of the issues and the context, considering the breadth, depth, and nuance.

218  Finally, emerging themes were identified from the codes (52).

219  Ethical Considerations
220  This study underwent scientific and ethical review and received approval from the Navrongo

221  Health Research Center Internal Review Board, Ghana, on the 9 of September 2022 (Approval
222  ID: NHRCIRB 478). Participant recruitment and data collection was from the 9" of September
223 2022 to the 8" of November 2022. Participation was voluntary. Before participating in this study,
224  participants read a participant information brief that spelled out the purpose of the study, methods,
225  time requirements, inclusion criteria , responsibility of participant , benefits and risk and
226  confidentiality Additionally, participant were allowed time to seek clarification and they were
227  informed of their unfettered freedom to discontinue participation in the study at any stage of the

228  interview. Participants who agreed to participate signed a written consent form.

229 Results

230 Study Participants
231 Table 2 presents the categories of study Participants. Sixty-five PHC facility managers (97%)

232 participated in vulnerability assessments (Binduri 19, Builsa North, 21 and Talensi, 25) and 27
233 District Health Management Team members (82%) participated in vulnerability assessments of
234 their respective PHCs (Binduri 8, Builsa North, 10 and Talensi, 9). Eighteen PHC and district
235  health facility managers participated in interviews (1 District Director of Health Services and 5

236  PHC facility managers per district).
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237

238  Table 2. Overview of participating PHC and facility managers per District

Quantitative Data

Binduri Builsa North Talensi Total %
Type of Facility (HCF) P NP P NP P | NP |P |[NP | p NP
CHPS 14 0 18 0 18 1 50 1 98 2
Health center/Clinic 5 0 2 1 6 0 13 1 93 7
Hospitals 0 0 1 0 1 0 2 0 100 0
Sub-total (HCF) 19 0 21 1 25 1 65 2 97 3
% sub-total (HCF) 100 0 96 4 96 4 97 3 n/a | n/a
DHMT 8 3 10 1 9 2 27 6 82 18
Total 27 3 31 2 34 3 92 8 n/a | n/a

Qualitative Data

Binduri Builsa North Talensi Total
District Director of Health Services 1 n/a 1 n/a 1 na | 3 | na | na n/a
Hospital Medical Director 0 n/a 1 n/a 0O | na| 1l | na| na n/a
Hospital Administrator 0 n/a 0 n/a 1 n/a 1 n/a | n/a n/a
Health center Manager 3 n/a 2 n/a 2 | na| 7 | na n/a n/a
CHPS Manager (In-charge) 2 n/a 2 n/a 2 | na| 6 | na| na n/a
Total 6 n/a 6 n/a 6 | nfa |18 | nfa | 1 n/a

DHMT denotes District Health Management Team, CHPS denotes Community-Based Health Planning and Services, P=
participated, NP= Not participated, n/a=not applicable

239
240 PHC systems

241  Table 3 presents an overview of the PHC systems' reported climate-resilience across the three
242  districts. The average scores of ten components ranged from 2 (integrated risk and early warning
243 systems, management of environmental determinants of health, climate informed programming)
244 to 2.7 (health & climate change research), indicating that overall, PHCs were incompletely
245  prepared (2.3) to respond to climate exposures.

246

247  Variations existed between the ten components. According to respondents, PHCs were unprepared
248  in the components of the health and climate change research agenda (with average 2.6 Binduri, 2.9

249  Builsa North, 2.5 Talensi), climate health financing (average 2.5) and workforce (average 2.5).
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250 PHCs were incompletely prepared in the component of integrated risk and early warning (2)
251 management of environmental determinants of health (2), climate informed programing (2),

252  emergency preparedness and management (2.2) and vulnerability and capacity assessment (2).

253  Table 3. Vulnerability of PHC systems across the participating regions, on a scale of 1-3

District/PHC System

Climate-resilience component Binduri Builsa North | Talensi Average

Leadership & Governance 2.1

2.4 24

Workforce

Vulnerability & Capacity Assessment
Integrated Risk & early warning

Health & Climate change research agenda

Climate-resilient technology & Infrastructure 3

Management of Environmental determinants of health 1.8 29 21

Climate informed programing 1.8 2.2 2.1

Emergency preparedness & Management 2.2 2.4 2 22
Climate Health financing 2.1

Preparedness of DHMT 22 2.4 2.2 2.3

Color codes: Red=incomplete preparation or unable to respond, Yellow =Incomplete preparation, Green=prepared or able to
respond, PHC=Primary Health Care

254

255 PHC Facilities
256  Exposure/Observed Climate Hazards by PHC Facilities

257  Table 4 presents the type and number of observed impacts of climate hazards within PHC facilities
258  between September 2021 and September 2022. Healthcare facilities in Builsa North and Talensi
259  observed storms, heatwaves, floods, droughts, and wildfires while Binduri observed only storms,
260  heatwaves, and floods. Of the 65 PHC facilities surveyed, 82% (n=53) were exposed to multiple
261  climate hazards between September 2021 and September 2022.

262

263  As shown in Table 4, A total of 143 climate hazards was reported across all PHC facilities in one
264  year, with an average of 2.2 hazards per facility, which was stable across area (Binduri: 2.1, Builsa

265  North: 2.2, Talensi: 2.3. PHC facilities observed a total of forty-eight storm-related hazards (34%),
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266  twenty-five heatwave-related hazards (25%), twenty-four flood-related hazards (17%), twenty-two

267  drought-related hazards (15%) and thirteen wildfire-related hazards (9%).

268  Table 4. Type and number of hazard exposure of PHC facilities by District.

Type of Hazard Exposures of PHC Facilities by District/PHC
Binduri Builsa North Talensi Total(T)

CHPS|% |HC|% [H |% [T |% |[CHPS|% |HC|% [H |% [T |% [CHPS|% |HC|% |H |% |T |% [CHPS|% [HC|% |H|% [T |%
Storms 13 [42]4|50)/0]0]|17]|44f 10 |26| 0 (0|0 |0|10|22] 14 |36| 6 35| 1 |50|21|36] 37 |34|10(32]|1|25]|48 |34
Heatwaves 12 (393138001538 9 24| 1 (17| 1 |50|11|24] 6 |[15| 4 (24|00 |10|17] 27 |25]| 8 [26]|1|25]| 36 |25
Floods 6 |19 113|007 |18 7 |18|2 (33| 1|50{10(22f 5 (13 L |61 (50| 7|12 18 |17( 4 [13|2]|50(24 |17
Droughts 0 JojofojojOofO]|O| 8 |21|1[17/0|0[9 |20 10 |26] 3 (18| 0|0 |13]|22] 18 |17| 4 13|00 22|15
Wildfires 0O [0fO]jOjOjO[Of[Of 4 |11]2|33]0]|0]|6]|13] 4 |10|/3 |18 00| 7|12 & |7]|5]16/0/0]|13]|9
Total(T) 31 (7918 ]21]0]0(39]27| 38 |83 6 (13| 2|4 |46|32] 39 |67|17(29]| 2 |3 |58|41| 108 |76]|31|22]|4| 3 |143[100
No. of PHC Facilities| 14 [n/a| 5 |na| 0 [n/a[19|n/a]l 18 |na| 2 [na| | |n/a|2l|na] 18 |na| 6 |na| | n/a25|n/a] 50 |w/a|l3|n/a|2(na| 65 |na
Average Exposure 22 |wa|l.6(nal0.0|nal2.1|n/a] 2.1 |na|3.0|n/al2.0{na|2.2(nal 2.2 [na|2.8[nal2.0|n/a|2.3|n/a] 2.2 |na|2.4|na|2|nal2.2|n/a

Exposure of PHC facilities to Hazards

CHPS|% |HC|% [H |% [T |% |[CHPS|% |HC|% [H |% [T |% [CHPS|% |HC|% |H |% [T |% [CHPS|% [HC|% |H|% [T |%
1 hazard 2 (100f O |OjOjOf2(ftlf 5 |81 |17)0]0]| 6|29 3 |75 1|25/ 0| 0] 4|16 10 |83]| 2 |17{0|0|12]18
2 hazards 10 [67] 5133100 |15|79f 5 |71 1 (14| 1|14 7|33] 9 90| 0 [0 | 1 [10|10|40] 24 |[75] 6 [19|2| 6|32 |49
3 hazards 2 |100{ 0 [O|O]Of2]|11] 6 1000 [0|0|0[6]|29] 5 |56 4 [44] 0| 09 |36] 13 |76| 4 [24{0]|0|17]26
4 hazards 0 [0fO]jOjOjO[Of[Of 2 {100JO0)OJO]|O]|2]10f 1 |50]1]5010] 0j2|8&| 3 |75]1]25/0/0]| 4|6
TOTAL(T) 14 [74]1 5126|101 0]19]29 18 |86 2 (10| 1 |5|21|32] 18 |72]| 6 (24| 1| 4|25|38| 50 |77|13]20]|2]| 3|65 |100

269 NB: HC denotes Health Center/Clinic, H; Hospital, T=Total, n/a=not applicable, CHPS=Community- Based Planning and Services, PHC=Primary Health Care

270  Vulnerabilities of PHC Facilities
271 Figure 3 presents the degree to which the PHC facilities are prepared against, or vulnerable to, the

272 observed climate hazards. Overall, the healthcare facilities showed high vulnerability to climate
273 hazards with no facility being completely prepared or able to respond to any of the observed
274 hazards (i.e. Lower risk). Instead, 83% of PHC healthcare facilities are unprepared or unable to
275  respond (higher risk) to observed climate hazards(n=118), while 17% (had basic or incomplete
276  preparation(n=25) and hence had the capacity for only a low-level response to the impacts of

277  storms, heatwaves, floods, droughts and wildfires (Medium risk).
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279  Fig. 3. Observed Climate hazards by Healthcare Facilities and level of preparedness.
280

281  Vulnerability of components of PHC Facilities
282  Table 5 presents the preparedness or vulnerability of PHC facilities and specific healthcare facility

283  components of Workforce, WASH and healthcare waste, Energy, and Infrastructure, technology,
284  and processes). Overall, 93% of CHPS were unable to respond (higher risk) to 100 out of 108
285  exposures (93%) while health centers were unable to respond (higher risk) to 18 out of the 31
286  exposures (58%). In contrast, all hospitals show basic or incomplete preparation (Medium risk).

287  When examining the preparedness of individual components, CHPS and health centers were
288  prepared (i.e. low risk) against 1 exposure in the component of WASH and healthcare waste. In
289  the component of Infrastructure, technology, products and processes, health centers were able to
290 respond(prepared) to 7% of exposures (n=2). In the component of energy systems, all hospitals
291  show medium risk (low level of response) to their exposures(n=4), CHPS show a higher risk
292  (unable to respond) to 89% of exposures (n=96), health centers have higher risk (unable to
293 respond) to 48% of exposures(n=15). The workforce of all categories of PHC facilities are unable

294  to respond to observed climate hazards or exposures.
295

296
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297

298
299

300
301

302

303

304

305

306

307

Table 5. PHC Healthcare facility vulnerability/preparedness by component and Size

CHPS Health Center/Clinic Hospital Total
LR|{%|MR| % [HR| % T | % |LR|%|[MR| % |HR|% |T| % |LR|%|[MR| % |HR|%|T|%|LR| % |MR|%|HR|% | T %
Binduri 0104 |13|27| 87 |31[29]0]0 7512 (25(8[2610]|0| 0[O0 |O0O([Of0[Of]O|O]|10]26]|29 |74]39 27
Builsa North | 0 {0 | 8 |21|30| 79 |38| 35]|0(0 3314 (67/6[19]0]0| 2 [100[ 0 [0([2[(50] 0| 0 |12]35]|34|74] 46 32
Talensi 1{3]16([15(32| 8 |39|36|1]|6 53 | 7 (41|17 S5 0|0 1 [50] 1 |50{2(50] 2 |3.4] 16 |40| 40 [69]| 58 41
Average 1[1)18]1789| 82 |108[ 76 | 1 |3 | 17| 55 [13[42|31[ 22| 0|0 3 [75]| 1 |25/4]3| 2 |1.4|38|27|103|72|143| 100
Energy
CHPS Health Center/Clinic Hospital Total
LR|% MR| % |HR| % T| % |LR|% [MR| % |HR|% |T| % |LR|%|MR| % |HR|%|T|%|LR| % |[MR|%|HR|% | T %
Binduri 0104 |13|127| 8 |31[29]0|0|6|75(2[0[8]26[0|0] 0| 0] 0]0[0[]0]0]|O0]10(3129]26]39 27
BuilsaNorth | 0 |0 | 3 |86|35| 92 |38 35|00 | 4|67 |2 |[33[6|19[0|0]2][50]01]0[2(50]0]|0]| 9 [28]37]|33]46 32
Talensi 00| 5|15|34| 87 |39 3 |0|0 35 |11 |65(17] 55 [ 00| 2 [50| 0 |0[2]{50] 0|0 |13 (41|45 |41|58 41
Average 0012|119 | 8 |108| 76 | 0 | 0 | 16| 52 | 15]|48(31| 22 [0 |0| 4 [100| O |0|4|3] 0] O |32 |22|111[78|143| 100
Infrastructure, Technology Products and Processes
CHPS Health Center/Clinic Hospital Total
LR|% MR| % |HR| % T | % |LR| % [MR| % |HR|% |T| % |LR|%|MR| % |HR|%|T|%|LR| % |[MR|%|HR|% | T %
Binduri 0103197128 90 |31 29 | 1|13 1|13 [6|75[8|258[0|0] 0| 0| 0]|0[|0]O0] 1]|50]| 4 [18]34]29]39 27
BuilsaNorth | 0 {0 | 6 | 16|32 | 84 |38 35[0 [0 | 2|33 |4 [67[6]194[0|0] 0| 0 | 2 |[##]2]|50] 0] 0| 8 [36]38|32(46 32
Talensi 010]3|77|136| 92 |39 36 |1 5129 [11[65[17|548[ 0 |0] 2 [100| 0 |0|2]50] 1 |50| 10 (45| 47 |39 58 41
Average 0|0(12[11|96| 89 |108] 76 | 2 8 | 26 [21[68[31|21.7{ 0 (0] 2 |50]| 2 |50{4|3| 2 |1.7]22 (18[119]83|143| 100
PHC Facility Vulnerability(Preparedness)
CHPS Health Center/Clinic Hospital Total
LR|{%|MR| % [HR| % T | % |LR|%|[MR| % |HR|% |T| % |LR|%|MR| % |HR|%|T|%|LR| % |MR|%|HR|% | T %
Binduri 00| 1|13|130| 30 |[31|29]0f0 31 | 4228258/ 0]|0| 0| O |Of[Of0o[OfO|O]| 5]20]|34(29]39 27
Builsa North | 0 [0 | 3 |38|35| 35 |38 35]|0(0 154 4 |122|16(194]1 0|0 2 50| 0 [0[2(50] 00| 7 |28]39|33]46 32
Talensi 010|4|50|35| 35 [39] 36 |0|0| 7 |538[10[56(17|54.8[ 0|0 2 [50| 0 |0[2{50] 0| 0 | 13 (52|45 |38| 58 41
Total 00| 8|7.4|100{92.59|108| 76 | 0 | O | 13 [41.9( 18 [ 58 |31|21.7{ O [0O]| 4 |100| O |O|4|3]| 0| O |25 [17[118]83[143| 100
PHC denotes Primary Health Care, CHPS= Community-Based Health Planning and Services, LR=Lower Risk, MR=Medium Risk, HR=High Risk, T=Total

Facilitators and Barriers to Mainstreaming Climate Change Adaptation and
Mitigation

Participants reported that climate change adaptation and mitigation align with the vision and
mission of the Ministry of Health and Ghana Health Service. They suggested that pursuing PHC
adaptation and mitigation could enhance the safety of both clients and staff and promote quality
of care. Participants identified benefits of adopting the WHO framework to include prompt

detection of climate-sensitive diseases, improved infection control, improved staff capacity to deal

with emerging health system challenges, promotion of new and appropriate technology to support
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308 proper and standard care, and improved access to a complete range of healthcare services during

309 disasters and emergencies.

310 Facilitators
311  Six main themes were identified as facilitators to furthering climate change adaptation and

312  mitigation: policy mainstreaming, active leadership, multi-sectoral collaboration, partnerships,
313  prioritizing new projects and programs, and workforce capacity.

314

315  Policy mainstreaming of the national climate change agenda into health system policies, protocols,
316  standards and accountability mechanisms, a recommendation we call “thick mainstreaming,” was

317  reported as crucial for climate action within PHC. For instance, one participant remarked:

318 “Policy; you know we here actually don’t, we only make decisions to sometimes inform
319 policy. We don’t buildup policy, we implement the policy so once the Ghana Health Service
320 structure accepts or adopt this as a policy [mainstream climate change adaptation and
321 mitigation] for the implementation, we are there to implement it” [Participant, 13].

322 Another participant remarked that:

323 Policy will influence because, if it [mainstreaming adaptation and mitigation] is
324 not in line with Ghana Health Service or the Ministry of Health policies, there will
325 be conflicting interest. [Participant 2].

326  The participants emphasized the importance of policies, standards, and protocols in shaping PHC
327  operations. Participants suggest that mainstreaming climate action in PHC policies, standards and

328  protocols will support system enforce implementation through monitoring, reporting, and periodic
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329  evaluations. This we call “Thick mainstreaming” would strategically trigger a system-wide
330 response to climate change adaptation and mitigation within the PHCs.

331

332 Participants reported that active leadership could support the mainstreaming and successful
333  implementation adaptation and mitigation efforts. A participant remarked in response to the

334  importance of leadership in any mainstreaming efforts:

335 “I'will say leadership; if they are not showing leadership, it will affect the implementation
336 because, if you do not have that leadership to ensure sustainability, especially the
337 implementation stage, there is no sustainability. They [the leadership] will finish
338 implementing the whole thing, and you will go back to zero.” [Participant 2]

339

340  Participants emphasized the need for PHC leadership to collaborate with other health-determining
341  sectors and the community to ensure successful mainstreaming and implementation because the
342 PHC systems will need the support of these stakeholders to implement effectively. The participants
343  acknowledged the importance of a multisectoral approach with subnational or local government

344  actors. A participant further remarked that:

345 “Whether it is developed by us or in collaboration, it will depend on how well we link up
346 with the other sectors to understand the impact of it on health systems” [Participant 2].
347

348 The participants emphasized the need to get a “buy-in” of subnational actors because of their
349  contribution to operations of PHCs. To emphasize the need for buy- in of other stakeholders.

350  Another participant remarked that:
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351 “If all stakeholders are brought on board and are ready to do the right thing: that is the
352 community are giving us good lands, contractors are adhering to standards, we are
353 sending the right staff and equipment, there is monitoring and supervision, it will work”
354 [Participant 7].

355

356  Building the PHC workforce’s capacity to understand the nexus between climate change and health
357  was identified as important for mainstreaming climate action into PHC operations. Participants
358 mentioned that the availability of a good mix of health staff could provide a base for the
359  mainstreaming process but emphasized the need for their buy-in through a comprehensive, system-

360  wide capacity building process. To illustrate, a participant remarked:

361 “So, it is the ability to explain the relationship between climate change and health for the
362 health staff, especially leadership, to understand first, then the acceptability will be okay.
363 [ Participant 2]

364

365  Another view regarding the capacity of the workforce was the need to integrate climate change
366  and health into the curriculum of health training institutions. This view recommends integrating
367 climate change and health considerations into the training curriculum of health professionals to

368  ensure long-term sustainability. As a participant remarked:

369 “So, I think that climate change can be incorporated into our health training institutions
370 so from day one, once you enter into any health institution before you come out, you are
371 made aware of what climate change is” [ Participant 16].”

372
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373  Participants reported that collaborations with decentralized government departments, e.g. the
374  National Disasters Management Organizations (NADMO) to undertake climate-resilient actions
375  will enhance sustainability and buy -in of stakeholders. Collaborations with NADMO and other
376  decentralized departments were reported to be ad hoc with mostly no formal plans, designated
377  officers and budgets. A participant from one of the DHMTs in justifying his score during

378  vulnerability assessment remarked that:

379

380 “Health emergency committees (are) in place but (there are) no budget and plans”
381 [DHMT member].

382

383  Partnerships with NGOs were reported as crucial for mainstreaming climate action into PHC
384  operations. NGOs are already leading autonomous adaptation and mitigation efforts in WASH and
385  healthcare waste through capacity building and the provision of appropriate infrastructure. They
386  underscored the importance of NGOs regarding innovation and resources for PHC systems and
387 acknowledged a need to include and build partnerships with NGOs to enhance PHC adaptation

388  and mitigation efforts. A participant remarked that:

389

390 “We have a partner [an NGO] in the district that is supporting us in terms of WASH and
391 infection prevention control, so they provide us with water, toilet facilities, bathrooms and
392 incinerators” [Participant 7].

393

394  New projects and programs were reported as potential entry points for mainstreaming climate

395 change adaptation and mitigation within PHC. Proponents of this view suggest that PHC systems
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396 can take advantage of new donor or government of Ghana funded projects and programs to
397 mainstreamed resilience actions, learn lessons and institutionalize. They suggest that the financial
398  constraints of PHC require a staggered approach starting with new projects. Other participants
399  were of the view that benefits associated with mainstreaming climate considerations into newly

400  funded projects can influence acceptability within PHC actors. Two participants remarked that:

401 “For example, as I said, the service has a standard of a building or infrastructure for the
402 CHPS facility; if implementing this, there is a need for an addition, then it should start
403 from the new ones” [Participant 2].

404 “I think if mainstreaming climate change adaptation and mitigation in PHC a success and
405 clients come for services, it’s a motivation. I think they (PHC actors) will be motivated”
406 [Participant 4].

407 Barriers
408  Five themes were identified as barriers to effectively mainstreaming climate change adaptation

409  and mitigation into PHC operations: costs, vertical/ top-down projects, complexity, inappropriate

410 community entry, and health and workforce constraints.

411  Costs associated with mainstreaming are reported as a barrier due to the low capacity for revenue
412 generation of the PHC facilities. Some participants reported that the PHC facilities could not
413  undertake sustained mainstreaming of climate action into their operations due to their poor
414  financial state and hence needed external support to initiate and sustain action. Some participants
415  reported that PHC facilities can mainstream non-capital-intensive activities like communication
416  and awareness if their capacity is built. However, mainstreaming is perceived as resource intensive
417  (human, financial, technology and others), complicating any mainstreaming efforts due to scarcity

418  and competition for resources. A participant observed:
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419 The challenge regarding cost is that we are already a handicapped due to low internally
420 generated funds and late reimbursement of NHIS; hence for a deprived health facility like
421 ours, cannot be able to work on climate change measures without extra support”

422 [Participant 3].

423  Even though cost is reported as a barrier, hospitals reported undertaking autonomous adaptations
424  in WASH and healthcare waste and energy systems by acquiring small water systems and standby
425  generators. All hospitals participating in the study reported to have financed these adaptations from

426  their incomes. A participant reported that:

427 “For instance, I think some years ago, we used to depend on the community water supply.
428 So, there were times there was no water, we decided to build a mechanized borehole, so
429 for some years now, we have been having water supply every day in the year” [Participant
430 9].

431

432  Participants reported fop-down approaches or vertical programs as a barrier to mainstreaming.
433  Participants suggest that any mainstreaming efforts must involve all levels of PHC actors in the

434  mainstreaming process. Two participants reported that:

435 “Apart from the capacity, sometimes they do not make the implementers or those who are
436 supposed to use the policy own the policy. The policy is developed somewhere; I do not
437 have any idea about it, and they push it down to me and say implement it, so sometimes, if
438 you do not own the policy, it becomes difficult for you to even commit to implementing it”
439 [Participant 15].

440 “Sometimes it has to do with funding; when programs come, the real implementors of the
441 program are left out. So, when the funding stops, then they will now be pushing the one
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442 that was not actually trained to continue. In that sense, you will be reluctant” [Participant
443 14].

444  Some participants reported that mainstreaming efforts will be complex due to the need for buy-in
445  from local government and informal actors like communities and traditional authorities, which
446  might not necessarily perceive climate change adaptation and mitigation as a priority. For instance,

447  aparticipant observed:

448 Forme, I think the four approaches are okay, we might not need to make any changes when
449 it comes to the four approaches, but we may have to first, let the people understand the
450 essence and impact of climate change and when they buy into the idea, I think that we will
451 be” [ Participant §].

452  Participants underscored the need for in-depth community entry and participatory process to ensure
453  that internal and external PHC stakeholders, especially staff, clearly understand the nexus between
454  climate change and health and the need to mainstream climate change into PHC operations
455  proactively. They reported poor community entry and stakeholder participation would hinder

456  mainstreaming climate change adaptation and mitigation into PHC.

457 “I think that receptivity will be good but depending on the entry process, if people have
458 that understanding of the benefits it will have on the healthcare systems, they will accept
459 it” [Participant 2].”

460

461  Limited staff and current staff workloads were identified as constraints for mainstreaming.
462  Participants reported that mainstreaming climate change adaptation and mitigation into PHC
463  would worsen their workloads and result in inefficiency if PHC does not recruit additional staff.

464 A participant remarked that:
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465 “For me, I will say maybe it might be a little harder when it comes to staffing because as
466 [it is] now, we don’t have enough staff and the workload is there, so if this policy comes to
467 add and it has to add more load on what I am already having and there isn’t enough staff
468 to maybe share the work, I think that one will also not make it ineffective”’ [Participant 18].

469 Discussion

470  Even though Ghana’s national climate change agenda underscores the importance of health sector
471  adaptation (24) and mitigation (22,53), this is not adequately translated into the mainstreaming of
472  climate resilience in Primary Healthcare (PHC) operations in the low resourced setting of Northern
473  Ghana. Despite substantial exposure of PHC healthcare facilities to multiple climate hazards, PHC
474  managers identified low human resource capacity on the nexus between climate change and health
475  systems, cost, and weak subnational inter-sectoral collaboration as barriers to mainstreaming. PHC
476  managers also identified systematic mainstreaming climate change adaptation and mitigation into
477  PHC policies, protocols and standards with inbuilt accountability mechanism- “thick
478  mainstreaming”, leadership commitment, improved sub-national multi-sectoral collaboration,

479  NGOs and improved workforce capacities as important facilitators.

480  Ghana’s National Climate Change Adaptation Framework Plan (54) and Climate Change Master
481  Plan 2015- 2020 (24) underscored the need for mainstreaming climate action into health system
482  policies. The Master Plan developed a mainstreaming methodology to assist health system
483  mainstream climate action at all levels of planning. However, these national level policies and
484  plans have not being further mainstreamed into health system and PHC policies resulting in limited
485  climate action in PHC operations. This finding aligns with Tye and Waslander (2021), who
486  suggest that sectorial policy inconsistency leading to poor mainstreaming in health sector policies

487  has resulted in limited climate action within the health sector (55). The poor mainstreaming of
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488  climate action into health systems may have an implication for climate action within PHCs across
489  the country because PHCs have the same structure, mandate with their operations guided by health

490  systems policies (45).

491  PHCs are the primary operating unit of the Ghanaian health system, accounting for over half of
492  essential public health services, and are at the forefront of managing public health emergencies
493  related to natural disasters (45) . This presupposes that mainstreaming climate action into PHC
494  policies and standards is crucial for moving from policy to action at the subnational level. Despite
495  the current challenges, mainstreaming climate action in PHC policy and systems will trigger
496  innovation and autonomous adaptation within PHC such as new training infrastructure or
497  partnerships that can be forced to integrate climate considerations. These also offer the potential
498  to leverage resources for PHC mainstreaming agenda. This finding aligns with Mogelgaard et, al
499  (2018) who argues that, for countries to bridge the implementation gap for adaptation, they must
500 achieve the five levers of leadership, policy frameworks, information and tools, coordination

501 mechanism, and financial processes (56).

502  The progress which has been made by PHCs in the resilience component of integrated monitoring
503 and early warning systems, climate-informed programming and management of environmental
504 determinants of health, was primarily because of the availability of a protocol for integrated disease
505 surveillance and response system (57). This reinforces that these resilience components are
506 integrated into the health management information systems of PHC and its facilities (58). This
507 example illustrates how the mainstreaming climate action into PHC policies and standards with
508 inbuilt accountability mechanisms can trigger systemwide action, and how essential capacity to

509 mainstream climate action into PHC may already be present.
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s:0 PHC System preparedness

511  PHC systems in the three study districts show incomplete preparedness (medium risk) to climate
512  exposures compared to 83% of PHC facilities that show higher risk. Participants from District
513  Health Management Committee (DHMT) of PHCs credited collaborations with NGOs for climate
514  action. For instance, NGOs were credited for the preparedness (low risk) of a few lower-level
515  healthcare facilities in the components of WASH and healthcare waste (1% of CHPS, 3% of health
516  centers/clinics) and infrastructure, technology, products, and processes (7% of health
517  centers/clinics). The Health Sector Waste Management Policy developed in 2020 (22) triggered
518 most of these collaborations and provides guidance for interventions. Collaborations with
519  decentralized government departments and the National Disaster Management Organization
520 (NADMO) are cited for the development of emergency preparedness plans for disease outbreaks
521  and natural disasters. These collaborations provide a springboard for bottom-up approaches, buy-
522  in and ownership by PHC actors, and infusion of context-specific knowledge and experience in
523  future health system agenda on climate action. We recommend health system policymakers adopt

524  and encourage decentralized and bottom-up approaches for future mainstreaming efforts.

525 Incomplete preparation (medium risk) of PHC had not translated to deepening climate action in
526  the operations of the majority of PHC facilities which they supervised. For instance, 93% of
527  community-level CHPS, the community-based clinics with a focus on close-to-client services and
528  58% of higher-level health centers or clinics to which CHPS refer within the PHC system were
529  unprepared (i.e. unable to respond or higher risk) to observed climate hazards. The inability of
530 PHC systems to translate their resilience, capacity, and associated knowledge to PHC facilities is
531 primarily due to the ad hoc nature of the existing collaborations, which contributes to the

532  disconnect between capacities and preparedness of PHC and PHC facilities. These collaborations
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533 may not always align with formal plans, budgets, knowledge dissemination, support and
534  monitoring systems of PHCs hence difficulties in translating PHC system capacities to practice
535 by healthcare facilities. Even though these partnerships are enhancing climate action within PHC,
536  we argue that these partnerships are not sustainable due to the short -term nature of donor funding.
537  They lack a system-wide approach with institutional integration, and limited learning and scale up
538  opportunities due to poor transition management. This view was reinforced by a participant who
539  suggested capacity building for climate change adaptation should directly target lower level PHC
540 facilities from inception to enhance sustainability. We recommend PHC broadens these
541  collaborations to involve health research and health training institutions to undertake
542  implementation research to enhance scale-up efforts, and government should take steps to integrate
543  planetary health into training curricula for long-term sustainability as observed by a participant.
544  The integration of planetary health in (para) medical curricula also encourages various professional
545  bodies and health care professionals to adequately prepare for climate -related challenges and show
546  leadership for sustainable climate action in PHC operations(59—63). Secondly, mainstreaming
547  climate action into PHC operations requires a shift in mindset and systems to broaden its systems
548 and integrate climate considerations in their operations. This shift requires PHC to develop and
549  incorporate into its systems a strategy to help build and stabilize intersectoral climate action. Such
550 system-wide sustainability transitions have been conceptualized to have inherent tensions, as
551  illustrated in the ‘X-curve’, developed by Dercks et al. While building better, more sustainable
552  health systems, the existing systems need to be destabilized to allow for the sustainable alternatives
553  to emerge and institutionalize, while undesirable (i.e. unsustainable) practices of the past phase
554  out (64) . As such, health system policy makers and others responsible within the transition need

555  to engage a diversity of PMC stakeholders to gather support and create momentum.
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sse  PHC Facility preparedness

557  Despite the observed multiple exposures of PHC facilities to extreme weather events linked to
558 climate change such as storms, heatwaves, floods, wildfires, and droughts — 83% were reported to
559  be unprepared (higher risk) for these events. The risk level differs by the size of the health facilities,
560  with the larger healthcare facilities generally at lower risk: half (50%) of District hospitals - the
561 mostdeveloped and resourced facilities within PHC (65), had a higher risk (unprepared), compared
562  to 58% of health centers/clinics and 93% of the community-based healthcare CHPS facilities. The
563 low revenue generation capacity of lower-level healthcare facilities (CHPS and health center)
564  presents significant challenges to undertaking autonomous adaptation because they have a higher
565 dependency on allocated financial resources which are erratic. The situation presupposes that
566  policymakers need to identify a funding mechanism for active PHC adaptation and mitigations.
567  This finding aligns with the views of Tye and Waslander (2021) who identified funding as a
568  significant challenge for progress in health system adaptation in Ghana (55). On the contrary,
569  hospitals financed autonomous adaptations from their revenues because they generate higher
570 incomes(65). For instance, interview participants from hospitals reported acquiring backup
571  generators and localized water systems from their revenues.

572

573  Hospitals show more resilience in the energy component (none of the hospitals in the current study
574  were identified as having a higher risk), primarily because of their ability to finance adaptation
575  measures for energy. The acquisition of diesel-powered generators provides the necessary backup
576  for the provision of essential healthcare services when they encounter challenges with the national
577  grid. Even though these investments in fossil fuel-dependent technology provides some level of

578  energy security, it also contributes to the carbon footprint of hospitals. This calls for increased
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579 investments in green technology alternatives to meet the demands of healthcare facilities. For
580 example, small solar units can provide alternative power for critical departments of the hospital.
581 Some CHPS and health centers/Clinics combined the national electricity grid and solar energy to
582 maintain critical supplies and departments. NGOs and central government projects largely
583 financed these energy resilience efforts.

584

585 Infrastructure, technology, products, and processes show significant unpreparedness (higher risk)
586 across all categories of healthcare facilities (50% of hospitals, 68% of health centers, and 89% of
587  CHPS). This is partly because most health centers and hospitals were constructed decades ago,
588  providing an opportunity to couple maintenance cycles with the need for substantial investments
589  to improve their resilience and sustainability. The Ministry of Health, through the CHPS policy,
590 has improved and standardized design for CHPS (66,67) , with an emphasis on adaptation to
591 context. However, local government authorities do not use these designs because of the associated
592  costs and appetite for quick fixes for political gains (as reported by respondents). The appetite for
593  short-term gains by local government authorities results in a missed opportunity to incorporate
594  context-specific climate considerations into projects, considering that CHPS has witnessed a
595 tremendous increase in numbers (63% or 2,086 facilities) between 2015 (68) and 2017 (69), with
596 the local government authorities accounting for construction of 47.8% of them (70) and CHPS
597 remain Ghana’s key strategy for attaining universal Health Coverage. (45) Therefore, the PHC
598  should take steps to deepen collaborations with its actors to improve understanding of the nexus
599  between climate change and health through the relevant collaborative and community-based

600  structures to secure buy stakeholders for increased investments to avert cost in the future.
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01  Conclusion

602  The lack of mainstreaming of Ghana’s national climate change and health systems agenda into
603  policies, protocols, standards, and guidelines of PHCs, coupled with limited funding and capacity,
604  largely accounts for the disconnect between the national agenda and PHC operations. Key
605  recommendations include the mainstreaming national climate change and health systems agenda
606 into health policies, protocols, and guidelines with built-in monitoring, accountability, and
607  participatory mechanisms. This approach, which we call “thick Mainstreaming”, will stimulate
608 climate-sensitive investments in PHC by local government actors and collective action because of
609 trust and the willingness to invest in PHC. This approach will stimulate autonomous contextual
610 adaptation and provide a framework for PHC to partner with NGOs, who are essential partners in
611  developing PHC systems. It also can allow PHC to create on potential co-benefits with health-
612  determining sectors, engage community actors and strengthen bottom-up approaches for

613  sustainable action for climate-resilient health systems.

614

615 Limitations

616  The authors acknowledge the difficulty in generalizing results of vulnerability assessments.
617  Notwithstanding this, the results can be applicable to most settings in the five northern regions and
618 some transitional zones in the middle belt of Ghana because they share similar ecological
619  characteristics. The results of the vulnerability assessments are context-specific and might not be
620  applicable to settings that experience different hazards. Secondly, only PHC facility managers
621  participated in the Vulnerability assessments of their respective facilities because we believed that
622  they have a good understanding of their operations. Even though the study highlighted the
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623  vulnerabilities of PHC facilities, more inclusive assessments involving teams of diverse staff from
624  PHC facilities especially district hospitals, would have enriched assessments. Nonetheless PHC
625  facility managers have rich experience and knowledge of their respective health facilities, and we

626  believe their assessments are reflective of the respective vulnerabilities of their facilities.

627  Regarding key informant interviews, this study focused on only PHC leadership, however, we
628  believe that their in-depth knowledge of PHC operation, policies, Ghana’s health systems and first-
629  hand application of the relevant WHO tools, making their perspectives reflective of PHC systems.
630  Finally, the focus on PHC managers is because they are solely responsible for health systems
631  policy implementation. Even though the study highlighted facilitators and barriers of national
632  nature, including perspectives from broader local government and policy level actors would have
633  deepened understanding of their perspectives. Nonetheless, PHC mangers have substantial
634  experience with Ghana’s health sector policy processes, and we belief that reported facilitators and
635  barriers are likely to be relevant at the policy level. PHCs are standardized across the country and
636  operate based on same policies, standards and programs, hence we envisage that similar results
637  could be obtained by replicating same study approaches in other PHCs in Ghana. Future studies
638 involving broader local government and national level health system actors would further enhance

639  understanding of this topic.

640 Supporting Information

641  SlFile. Key Informant Interview guide
642  S2File. Checklist for measuring the climate -resilience of PHC systems

643  Acknowledgement

Page 30 of 38


http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a Creative Commons Attribution 4.0 I nternational
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.

644

645

646

647

648
649
650
651

652
653
654
655
656

657
658
659

660
661
662
663
664

665
666
667
668

669
670
671

672
673
674
675
676

677
678

We express our gratitude to the Epper East Regional Health Directorate for granting us permission
to undertake this study. We also acknowledge the district directors of health services and their

managers for actively participating in this study despite their tight schedules.

References

1. International Bank for Reconstruction and Development/The World Bank. Low-Carbon and
Resilience Strategies for the Health Sector [Internet]. 2017. Available from: www.worldbank.org

2. Watts N, Amann M, Arnell N, Ayeb-Karlsson S, Belesova K, Boykoff M, et al. The 2019 report of
The Lancet Countdown on health and climate change: ensuring that the health of a child born
today is not defined by a changing climate. The Lancet [Internet]. 2019 Nov 16 [cited 2025 May
21];394(10211):1836—78. Available from:
https://www.thelancet.com/action/showFullText?pii=S0140673619325966

3. Saltzmanid LY, Hanselid TC, Ferreira RJ. Climate change and health equity: Expanding our reach
using technology. PLOS Climate [Internet]. 2023 Jul 17 [cited 2025 May 21];2(7):e0000242.
Available from: https://journals.plos.org/climate/article?id=10.1371/journal.pclm.0000242

4, Corvalan C, Gray B, Prats EV, Sena A, Hanna F, Campbell-Lendrum D. Mental health and the
global climate crisis. Epidemiol Psychiatr Sci [Internet]. 2022 Dec 2 [cited 2025 May 21];31:e86.
Available from: https://www.cambridge.org/core/journals/epidemiology-and-psychiatric-
sciences/article/mental-health-and-the-global-climate-
crisis/EF66D5A04141C3F91661B175AFFCD20D

5. World Health Organization. Mental health and Climate Change: Policy Brief Key points [Internet].
2022 [cited 2025 May 21]. Available from: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://iris.who.int/bitstream/handle/10665/35
4104/9789240045125-eng.pdf?sequence=1

6. Franklinos LHV, Jones KE, Redding DW, Abubakar I. The effect of global change on mosquito-
borne disease. Lancet Infect Dis [Internet]. 2019 Sep 1 [cited 2025 Jul 6];19(9):e302—-12. Available
from: https://www.thelancet.com/action/showFullText?pii=51473309919301616

7. Ross Id ME, Wright Id AH, Luke M, Tamba A, Romello H, Id H, et al. Household survey on climate
change and human health in a low-income country: Associations between increased health
emergencies and extreme changes in climate in Liberia. PLOS Climate [Internet]. 2023 Oct 3
[cited 2025 May 21];2(10):e0000286. Available from:
https://journals.plos.org/climate/article?id=10.1371/journal.pclm.0000286

8. Lokotola CL, Mash R, Naidoo K, Mubangizi V, Mofolo N, Schwerdtle PN. Climate change and
primary health care in Africa: A scoping review. The Journal of Climate Change and Health

Page 31 of 38


http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a Creative Commons Attribution 4.0 I nternational
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.

679
680

681
682
683
684

685
686

687
688
689
690
691

692
693
694
695

696
697
698
699

700
701
702
703

704
705
706

707
708
709
710

711
712
713

714
715

10.

11.

12.

13.

14.

15.

16.

17.

18.

[Internet]. 2023 May 1 [cited 2025 May 21];11:100229. Available from:
https://www.sciencedirect.com/science/article/pii/52667278223000299

WHO. 2021 WHO health and climate change global survey report [Internet]. 2021 [cited 2025
May 21]. Available from: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://iris.who.int/bitstream/handle/10665/34
8068/9789240038509-eng.pdf?sequence=1

World Health Organization. 2018 WHO HEALTH AND CLIMATE CHANGE SURVEY REPORT
TRACKING GLOBAL PROGRESS [Internet]. 2019. Available from: http://apps.who.int/bookorders.

Abugnaba-Abanga Rudolf. Rethinking investments in climate-resilient and environmentally
sustainable health systems: perspectives from Africa. [Internet]. Speaking of Medicine and
Health. . 2023 [cited 2025 Feb 4]. Available from:
https://speakingofmedicine.plos.org/2023/11/09/rethinking-investments-in-climate-resilient-
and-environmentally-sustainable-health-systems-perspectives-from-africa/

Romanello M, Di Napoli C, Drummond P, Green C, Kennard H, Lampard P, et al. The 2022 report
of the Lancet Countdown on health and climate change: health at the mercy of fossil fuels. The
Lancet [Internet]. 2022 Nov 5 [cited 2025 May 22];400(10363):1619-54. Available from:
https://www.thelancet.com/action/showFullText?pii=S0140673622015409

Carlsonid CJ, Shafiul Alamid M, Northid MA, Onyangoid E, Stewart-lbarraid AM. The health
burden of climate change: A call for global scientific action. PLOS Climate [Internet]. 2023 Jan 26
[cited 2025 May 22];2(1):e0000126. Available from:
https://journals.plos.org/climate/article?id=10.1371/journal.pclm.0000126

Moyo E, Nhari LG, Moyo P, Murewanhema G, Dzinamarira T. Health effects of climate change in
Africa: A call for an improved implementation of prevention measures. Eco-Environment &
Health [Internet]. 2023 Jun 1 [cited 2025 May 22];2(2):74-8. Available from:
https://www.sciencedirect.com/science/article/pii/S2772985023000200

Environmental Protection Agency. Ghana’s Fourth National Communications to the United
Nations Framework Convention on Climate Change [Internet]. 2020 May. Available from:
www.epa.gov.gh

Yamba El, Aryee JNA, Quansah E, Davies P, Wemegah CS, Osei MA, et al. Revisiting the agro-
climatic zones of Ghana: A re-classification in conformity with climate change and variability.
PLOS Climate [Internet]. 2023 Jan 11 [cited 2025 May 22];2(1):e0000023. Available from:
https://journals.plos.org/climate/article?id=10.1371/journal.pclm.0000023

Ministry of Environment Science Technology and Innovation. Ghana National Climate Change
Policy [Internet]. Accra, Ghana; 2013 [cited 2025 May 22]. Available from: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://faolex.fao.org/docs/pdf/ghal169292.pdf

GoG/UNDP. Integrating Climate Change Into the Management of Priority Health Risks in Ghana |
UNDP Climate Change Adaptation [Internet]. 2010 [cited 2025 May 22]. Available from:

Page 32 of 38


http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a Creative Commons Attribution 4.0 I nternational
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.

716
717

718
719
720

721
722

723
724
725

726
727
728
729

730
731

732
733
734

735
736

737
738
739
740
741

742
743
744
745

746
747
748
749
750

751
752
753

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

https://www.adaptation-undp.org/projects/integrating-climate-change-management-priority-
health-risks-ghana

Ministry of Health. Health Sector Medium-Term Development Strategy 2010 — 2013. | FAOLEX
[Internet]. 2010 [cited 2025 May 22]. Available from:
https://www.fao.org/faolex/results/details/en/c/LEX-FAOC175088/

Ministry of Health. Health Sector Medium Term Development Plan 2014-2017. Accra, Ghana;
2014.

Asante FA, Bawakyillenuo S, Bird N, Canales Trujillo N, Tagoe CA, Ashiabi N. Climate change
finance in Ghana [Internet]. 2015. Available from: http://www.odi.org.uk/projects/2537-climate-
finance-climate-change-fast-start-finance

Ministry of Health. Health Care Waste Management Policy for Ghana [Internet]. 2020 [cited
2025 May 22]. Available from: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.moh.gov.gh/wp-
content/uploads/2021/04/HEALTH-CARE-WASTE-MANAGEMENT-POLICY-Final.pdf

GoG/UNEPUNDP. National Climate Change Adaptation Strategy. | FAOLEX [Internet]. 2010 [cited
2025 May 22]. Available from: https://www.fao.org/faolex/results/details/fr/c/LEX-FAOC174398/

Ghana National Climate Change Policy Action Programme for Implementation: 2015-2020 -
weADAPT [Internet]. [cited 2025 May 22]. Available from: https://weadapt.org/knowledge-
base/national-adaptation-planning/ghana-national-climate-change-policy-action-programme/

Climate risk country profile: Ghana - Ghana | ReliefWeb [Internet]. [cited 2025 May 22]. Available
from: https://reliefweb.int/report/ghana/climate-risk-country-profile-ghana

Owusu AB, Fynn IEM, Adu-Boahen K, Kwang C, Mensah CA, Atugbiga JA. Rate of desertification,
climate change and coping strategies: Insights from smallholder farmers in Ghana’s Upper East
Region. Environmental and Sustainability Indicators [Internet]. 2024 Sep 1 [cited 2025 Oct
8];23:100433. Available from:
https://www.sciencedirect.com/science/article/pii/S2665972724001016

Smits WK, Attoh EMNAN, Ludwig F. Flood risk assessment and adaptation under changing climate
for the agricultural system in the Ghanaian White Volta Basin. Clim Change [Internet]. 2024 Mar
1 [cited 2025 Oct 8];177(3):1-24. Available from:
https://link.springer.com/article/10.1007/s10584-024-03694-6

Dotse-Gborgbortsi W, Dwomoh D, Asamoah M, Gyimah FT, Dzodzomenyo M, Li C, et al. Dam-
mediated flooding impact on outpatient attendance and diarrhoea cases in northern Ghana: a
mixed methods study. BMC Public Health [Internet]. 2022 Dec 1 [cited 2025 May 22];22(1):1-14.
Available from: https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-022-
14568-w

Kuupiel D, Adu KM, Bawontuo V, Mashamba-Thompson TP. Geographical Accessibility to District
Hospitals/Medical Laboratories for Comprehensive Antenatal Point-of-Care Diagnostic Services in
the Upper East Region, Ghana. EClinicalMedicine [Internet]. 2019 Aug 1 [cited 2025 May

Page 33 of 38


http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a Creative Commons Attribution 4.0 I nternational
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.

754
755

756
757
758
759

760
761
762

763
764
765
766

767
768

769
770
771
772

773
774
775
776

777
778
779
780

781
782

783
784

785
786

787
788
789

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

22];13:74-80. Available from:
https://www.thelancet.com/action/showFullText?pii=S2589537019301129

Kuupiel D, Adu KM, Apiribu F, Bawontuo V, Adogboba DA, Ali KT, et al. Geographic accessibility to
public health facilities providing tuberculosis testing services at point-of-care in the upper east
region, Ghana. BMC Public Health [Internet]. 2019 Jun 10 [cited 2025 May 22];19(1):1-12.
Available from: https://link.springer.com/articles/10.1186/s12889-019-7052-2

Cooke Edgar, Hague Sarah, Andy Mckay. The Ghana Poverty and Inequality Report: Using the 6th
Ghana Living Standards Survey [Internet]. 2016 [cited 2025 May 22]. Available from:
https://catalog.ihsn.org/citations/64923

Akanwake JB, Atinga RA, Boafo YA. Effect of climate change on cerebrospinal meningitis
morbidities and mortalities: A longitudinal and community-based study in Ghana. Coughlan de
Perez E, editor. PLOS Climate [Internet]. 2022 Aug 15 [cited 2024 Jan 5];1(8):e0000067. Available
from: https://dx.plos.org/10.1371/journal.pclm.0000067

Oduoye MO, Scott GY, Dave T, Bolanle AHH, Mwinbong AD, Modupeoluwa OO. One health
approach to mitigate anthrax in Ghana. Health Sci Rep. 2024 Jan 1;7(1).

Aminu Tracy Gifty. Upper East Region: Anthrax outbreak causes ban on sale of cattle in some
communities - Ghana Fact. 2023 Jun 6 [cited 2025 May 22]; Available from:
https://ghanafact.com/upper-east-region-anthrax-outbreak-causes-ban-on-sale-of-cattle-in-
some-communities/

Ayamba EY, Dzotsi EK, Dormechele W, Ansah NA, Bangre O, Nyuzaghl JAl, et al. Evaluation of
seasonal malaria chemoprevention implementation in the Upper East region of Northern Ghana.
Malaria Journal [Internet]. 2025 Dec 1 [cited 2025 May 24];24(1):1-10. Available from:
https://link.springer.com/articles/10.1186/s12936-025-05322-9

World Health Organization. Operational framework for building climate resilient health systems
[Internet]. World Health Organization; 2015 [cited 2025 Feb 4]. 47 p. Available from:
https://www.who.int/publications/i/item/operational-framework-for-building-climate-resilient-
health-systems

World Health Organization. Measuring the climate resilience of health systems [Internet]. 2022
[cited 2025 May 24]. Available from: https://www.who.int/publications/i/item/9789240048102

World Health Organization. WHO Guidance for Climate-Resilient and Environmentally
Sustainable Healthcare Facilities. 2020.

World Health Organization. CHECKLISTS TO ASSESS VULNERABILITIES IN HEALTH CARE FACILITIES
IN THE CONTEXT OF CLIMATE CHANGE. 2021.

Assefa M, Mcgovern M. The Consolidated Framework for Implementation Research (CFIR) Index
Manual For Administration and Scoring CFIR Index CFIR INDEX MANUAL CFIR INDEX MANUAL.
2019.

Page 34 of 38


http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a Creative Commons Attribution 4.0 I nternational
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.

790
791
792

793
794
795

796
797
798
799

800

801
802
803

804
805
806

807
808
809
810
811

812
813
814

815
816
817

818
819
820
821

822
823

824
825

41.

42.

43,

44,

45.

46.

47.

48.

49.

50.

51.

52.

Damschroder LJ, Aron DC, Keith RE, Kirsh SR, Alexander JA, Lowery JC. Fostering implementation
of health services research findings into practice: A consolidated framework for advancing
implementation science. Implementation Science. 2009;4(1).

Taherdoost H. Sampling Methods in Research Methodology; How to Choose a Sampling
Technique for Research. SSRN Electronic Journal [Internet]. 2016 Apr 10 [cited 2025 May 22];
Available from: https://papers.ssrn.com/abstract=3205035

Parliament of Ghana. Ghana Health Service And Teaching Hospitals Act, 1996 (act 525) [Internet].
1996. Available from: https://lawsghana.com/post-1992-legislation/table-of-
content/Acts%200f%20Parliament/GHANA%20HEALTH%20SERVICE%20AND%20TEACHING%20H
OSPITALS%20ACT,%201996%20(ACT%20525)/138#google_vignette

Government of Ghana. Ghana Health Service and Teaching Hospital -ACT525. 1996.

Ministry of Health. Ghana’s Roadmap for Attaining Universal Health Coverage 2020-2030
[Internet]. Accra, Ghana; 2020. Available from: https://www.moh.gov.gh/wp-
content/uploads/2021/08/UHC-Roadmap-2020-2030.pdf

PHS/NHRC. Hidden cost to utilization of reproductive health services in the Upper East Region of
Ghana [Internet]. 2016 [cited 2025 May 22]. Available from:
https://drive.google.com/drive/u/0/home

Flick, Uwe. The SAGE Handbook of Qualitative Data Analysis [Internet]. 2014 [cited 2025 May 29].
Available from: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.ufs.ac.za/docs/librariesprovider68/
resources/methodology/uwe_flick_(ed-)-_the_sage handbook_of_qualitative(z-lib-org)-
(1).pdf?sfvrsn=db96820 2

World Health Organization. WHO guidance for climate resilient and environmentally sustainable
health care facilities [Internet]. 2020 [cited 2025 May 24]. Available from:
https://www.who.int/publications/i/item/9789240012226

World Health Organization. Checklists to Assess vulnerabilities in Health Care Facilities in the
Context of Climate Change [Internet]. 2021 [cited 2025 May 24]. Available from:
https://www.who.int/publications/i/item/9789240022904

World Health Organization. Operational framework for building climate resilient health systems
[Internet]. 2015 [cited 2025 May 24]. Available from:
https://www.who.int/publications/i/item/operational-framework-for-building-climate-resilient-
health-systems

Organization PAH. Hospital Safety Index: Guide for Evaluators. Second Edition. 2019 [cited 2025
May 24];148-73. Available from: https://iris.paho.org/handle/10665.2/51448

Hennink Monique, Hutter Inge, Bailey Ajay. Qualitative Research Methods. Second. Owens
Alysha, Bush Charlotte, editors. London: SAGE; 2020.

Page 35 of 38


http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a Creative Commons Attribution 4.0 I nternational
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.

826
827
828

829
830

831
832

833
834
835

836
837
838
839

840
841
842
843

844
845

846
847
848
849

850
851
852
853
854

855
856
857
858

859
860
861
862

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

Ministry of Health. National Health Policy [Internet]. Accra, Ghana; 2020. Available from: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.moh.gov.gh/wp-
content/uploads/2021/08/NHP_January-2020.pdf

Ghana’s National Adaptation Plan Framework - NAP Global Network [Internet]. [cited 2025 May
24]. Available from: https://napglobalnetwork.org/resource/ghana-nap-framework/

Tye S, Waslander J. Mainstreaming Climate Adaptation Planning and Action into Health Systems
in Fiji, Ghana, and Benin. World Resources Institute. World Resources Institute; 2021.

KATHLEEN MOGELGAARD, AYESHA DINSHAW, NAMRATA GINOYA, PARVATHI PREETHAN, JACOB
WASLANDER. FROM PLANNING TO ACTION: MAINSTREAMING CLIMATE CHANGE ADAPTATION
INTO DEVELOPMENT CONTENTS [Internet]. 2018. Available from: https://www.wri.org/

GoG/Ministry of Health. Integrated Disease Surveillance and Response in Ghana [Internet]. 2002
[cited 2025 May 25]. Available from: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.moh.gov.gh/wp-
content/uploads/2016/02/Integrated-Disease-Surveillance-and-Response-Ghana-Guidelines.pdf

Ghana Health Service. Health Information Management System Standard Operating Procedures 4
th Edition 2020 [Internet]. 2020 [cited 2025 May 25]. Available from: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://ghimaghana.org/resources/STANDARD%
200PERATING%20PROCEDURE(SOP)%204th%20edition.pdf

Pendrey CGA, Chanchlani S, Beaton LJ, Madden DL. Planetary health: a new standard for medical
education. Medical Journal of Australia. 2023 Dec 11;219(11):512-5.

Shaw E, Walpole S, McLean M, Alvarez-Nieto C, Barna S, Bazin K, et al. AMEE Consensus
Statement: Planetary health and education for sustainable healthcare. Med Teach [Internet].
2021 [cited 2025 May 25];43(3):272-86. Available from:
https://www.tandfonline.com/doi/abs/10.1080/0142159X.2020.1860207

Leal Filho W, Eustachio JHPP, Paucar-Caceres A, Cavalcanti-Bandos MF, Nunes C, Vilchez-Roman
C, et al. Planetary Health and Health Education in Brazil: Towards Better Trained Future Health
Professionals. International Journal of Environmental Research and Public Health 2022, Vol 19,
Page 10041 [Internet]. 2022 Aug 15 [cited 2025 May 25];19(16):10041. Available from:
https://www.mdpi.com/1660-4601/19/16/10041/htm

Oudbier J, Sperna Weiland NH, Boerboom T, Ravesloot JH, Peerdeman S, Suurmond J. An
evidence-based roadmap to integrate planetary health education into the medical curriculum.
Med Teach [Internet]. 2023 [cited 2025 May 25];45(3):328-32. Available from:
https://www.tandfonline.com/doi/abs/10.1080/0142159X.2022.2137015

Irlam J, Reid S, Rother HA. Education about planetary health and sustainable healthcare: A
national Delphi panel assessment of its integration into health professions education in South
Africa. Afr J Health Prof Educ [Internet]. 2024 Apr 16 [cited 2025 Jun 2];16(1):e327. Available
from: /doi/pdf/10.7196/AIJHPE.2024.v16i1.327?download=true

Page 36 of 38


http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a Creative Commons Attribution 4.0 I nternational
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.

863 64. Hebinck A, Diercks G, von Wirth T, Beers PJ, Barsties L, Buchel S, et al. An actionable

864 understanding of societal transitions: the X-curve framework. Sustain Sci. 2022 May

865 1;17(3):1009-21.

866 65. Wang H, Otoo N, Dsane-Selby L. Ghana National Health Insurance Scheme. Improving Financial
867 Sustainability Based on Expenditure Review. 2017.

868 66. GoG/Ministry of Health. National Community-Based Health Planning and Services(CHPS) Policy
869 [Internet]. 2016 [cited 2025 May 25]. Available from: chrome-

870 extension://efaidnbmnnnibpcajpcglclefindmkaj/https://ghs.gov.gh/wp-

871 content/uploads/2022/10/CHPS-POLICY.pdf

872 67. Ghana Health Service. Community-Based Health Planning and Services National Implementation
873 Guidelines [Internet]. 2016 [cited 2025 May 25]. Available from: chrome-

874 extension://efaidnbomnnnibpcajpcglclefindmkaj/https://ghs.gov.gh/wp-

875 content/uploads/2022/10/National-CHPS-Implementation-Guidelines-Final-Version-ZNS-

876 13022017.pdf

877 68. Ghana Health Service. The Health Sector in Ghana Facts and Figures 2015 [Internet]. 2015 [cited
878 2025 May 25]. Available from: chrome-

879 extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.moh.gov.gh/wp-

880 content/uploads/2017/07/Facts-and-figures-2015.pdf

881 69. Ghana Health Service. The Health Sector in Ghana Facta and figures 2018 [Internet]. 2018 [cited
882 2025 May 25]. Available from: https://www.scribd.com/document/375031363/FACTS-FIGURES-
883 2017-pdf

884 70. Kwame Yeboah B, Letsa T, Asor Mensah E, Odame-Ankrah E. PROGRESS OF COMMUNITY-BASED
885 HEALTH PLANNING AND SERVICES IN GHANA [Internet]. 2019. Available from:

886 www.globalscientificjournal.com

887

888

889

890

891

892

Page 37 of 38


http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

100

92
82 79 81
80
60
40
18 19

20 10 g

0

Storms  Heatwaves Floods Wilfires Droughts Average

86 83

Percentage

Level of Preaparedness

W %Incomplete preparation( Medium Risk) B % Unprepared(High Risk)

Figure


http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

AT

S

™ 'n'.':

! 'C:ﬂ | UPPER EAST REGIONAL MAP SHOWING THE DISTRICTS

I i TN {

e P 3 Bé:@:ku Muni. g Pusig&_ .
o - o SEas — 2} [ LI i

s b ; Bongu T ; /7 Tempane !
Kasena Mankana West ; : ! ! o ]

Fhmin g .l.
s N . , - i i
i e : }.;, R ”'-"'. : N :; - s ;
; . - se? L Nobdam o . BawkuWEst . S —_
- AT J ; : 1 ] T
: - & Bolgatanga East- -, &
L i

F: I..." ; " .___."'

) : " o L G Garu Wy’
L T Kasena Nankana Mupic0 9 12nga Mumi £ o -

BEEE , . X . ]
ki i , P Talensi g _ -
: Builsz Morth Muni ¥ ! ! ' 3
L ";l. _:: ll: W B
= b . e ~ . !
ek LS ¥ F Ay
L 1 i = "
% ! 4 - ' f .
-l l.' i '
= g ] - ¥ |-. e H-, L
= ":, : I L - ,__':_ I
' ' i L L T, A _."'-' T
Fany Builsa South i, B i
; . ro
e £
"y - .
I"a

25 12.5 0 295 Km Legend
_ . . _ Study_Districls

Upper_East_MMDA

Figure


http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

