
[image: ]

ISSN 2278-2540 | DOI: 10.51583/IJLTEMAS | Volume XIV, Issue X, October 2025 

 

Climate Change Impacts on Different Regions 

1                                  2                                3 * Pradeep Kumar Tiwari, Dr. Lalit Kumar Dubey, Shrikant Yadav 

1,3 R. P. P. G. College Kamalganj, Farrukhabad (U.P.), Department of Geography 

2Assistant Professor, R. P. P. G. College Kamalganj, Farrukhabad (U.P.), Department of Geography 

DOI: https://doi.org/10.51583/IJLTEMAS.2025.1410000005 

Abstract: This research examines the regional effects of climate change in South Asia, Sub-Saharan Africa, and Latin America from 1991 to 2020, concentrating on temperature, precipitation, and socio-economic vulnerability. The study utilizes secondary datasets  from  ERA5,  CRU,  EM-DAT,  FAO,  World  Bank,  and  ND-GAIN  to  implement  the  IPCC  Risk  Framework  (Risk  = Hazard × Exposure × Vulnerability) for the comparison of climate hazards across areas. The results show that South Asia saw the biggest rise in temperature (+1.1°C) and a 6% drop in precipitation. This caused more hot days and changes in the monsoon. Sub-Saharan  Africa  had  the  highest  overall  climate  risk  because  of  less  rain  (–10%),  more  droughts,  and  a  low  ability  to  adjust because of economic and infrastructure problems. Latin America experienced modest climate stress but gained advantages from comparatively greater adaptation capacity and institutional resilience. The comparative study highlights the imperative for region -specific adaptation solutions, including climate-smart agriculture, early warning systems, social support, and green infrastructure, to enhance long-term resilience.
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I. Introduction  

Climate  change  is having  a huge and  varied  effect  on  different  parts  of  the  world,  changing  weather  patterns,  ecosystems, and human cultures in complicated ways. The increase in global average temperatures is a worldwide trend, but the effects of climate change are very different in different parts of the world. For example, some places have more frequent and severe storms, more intense heatwaves, higher sea levels, or changes in rainfall that cause drought or flooding.

Climate change doesn't affect everyone the same way. For example, arctic regions are warming more faster than other locations, which is causing sea ice and permafrost to melt. On the other hand, low-lying coastal and island communities are more at danger from rising  sea  levels  and  storm  surges. Changes  in monsoon  patterns and  stronger  cyclones  are  jeopardizing  local  agricultural and  water  supplies  in  certain  areas,  such  the  tropics.  In  temperate  and  midlatitude  zones,  storm  frequency  and  precipitation patterns are also changing. The ecological, economic, and social conditions of each location also affect how vulnerable it is, thus different solutions are needed to reduce risk and adapt.

It is important to know about these differences between regions in order to come up with good ways to deal with climate hazards. This  is  because  the  risks  and  chances  for  adaptation  are  quite  different  in  each  region.  Ongoing  research  and  high-resolution climate models continue to improve our understanding of how local climates are changing. This helps communities all around the world build resilience via targeted infrastructure, policy, and conservation activities. Each region must deal with a unique mix of climate-related problems as part of the global response to climate change. These problems might include long-term drought, more floods, hazards to food security, or public health difficulties (Collins et al., 2024).

Climatic change is the long-term shift in the Earth's climatic patterns. It is mostly caused by things people do, including burning fossil fuels and cutting down trees (Intergovernmental Panel on Climate Change, 2020). The impacts of these changes are not the same  all  across  the  world  because  of  variances  in  topography,  climatic  systems,  and  social  and  economic  factors  in  different regions (National Center for Atmospheric Research, 2024). For instance, arctic regions are warming more quickly, which causes ice to melt and permafrost to thaw. Tropical and coastal areas, on the other hand, are seeing changes in rainfall, droughts, harsher storms, and rising sea levels (European Commission, 2022, NASA, 2024). This kind of regional difference implies that climate change affects various places and industries in different ways, such as agriculture, water resources, health, and infrastructure.

A  comparative  regional  approach  is  beneficial  as  it  acknowledges  these  disparities  and  facilitates  customized  adaptation  and mitigation plans suited to local vulnerabilities and capacities (IPCC, 2020; U.S. Environmental Protection Agency (EPA), 2025). Policymakers and communities may better prioritize activities, allocate resources, and develop resilience where it is most needed by  understanding  how  things  are  different  in  different  areas.  By  showing  where  urgent  help  is  needed  and  encouraging  global solutions that take into account local circumstances, it also makes it easier for countries to work together.

Regional climate impact evaluations usually look at important areas like the Arctic and Antarctic, tropical areas like the Amazon Basin,  Sahel,  and  South  Asia,  midlatitudes  like  Europe  and  North  America,  low-lying  islands,  and  coastal  areas  (IPCC,  2020, NCAR). Studies frequently concentrate on recent decades and imminent forecasts (2025–2030), utilizing baseline comparisons to pre-industrial epochs (1850–1900). Commonly evaluated indicators encompass temperature anomalies, alterations in precipitation patterns, the frequency and severity of extreme weather events, fluctuations in sea levels, and the resultant impacts on human and ecological systems (World Meteorological Organization (WMO, 2025, EPA, 2025).
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Objectives 

• To assess temperature and precipitation trends from 1991 to 2020 across three selected regions: South Asia, Sub-Saharan Africa, and Latin America.

• To evaluate region-specific socio-economic impacts, including food security, disaster frequency, and public health outcomes.

• To compare adaptive capacity using a consistent framework of Risk = Hazard × Exposure × Vulnerability.

• To identify adaptation strategies and gaps specific to each region.


II. Research Methodology  

The paper has assessed 30 years of climate and socio-economic trends of 1991 to 2020. The main climate change indicators that were  retrieved  in  both  ERA5  and  the  Climatic  Research  Unit  (CRU)  reanalysis  datasets,  along  with  the  EM-DAT  disaster database,  were  temperature  increase,  changes  in  precipitation,  extreme  heat  events,  and  drought  episodes.  The  socio-economic variables  were  obtained  at  the  world  bank,  FAO,  WHO  and  ND-GAIN  repositories.  The  period  of  research  19912020  was compared and  the  three  distinct regions have  been  selected:  South  Asia,  Sub  Saharan  Africa, and  Latin  America. Climatic risk was assessed through the use of IPCC Risk equation (Risk = Hazard x Exposure x Vulnerability). Python and Excel were used to process the data and make statistical analysis. The research method is based on the deskside secondary data strategy,  and there is no  fieldwork  or  interviews  and  this  means  that  ethical  consent  is  not  needed.  The  constraints  that  have  been  recognized  are heterogeneity and inconsistencies of the data.


III. Results and Discussion 

Climate Change Trends (1991–2020)

Table 1 represents the key indicators of climatic change of South Asia, Sub-Saharan Africa and Latin America over the years

1991-2020 using the publicly available data and regional reports that the IPCC has provided.

Region          Temperature          Precipitation          Extreme  Heat  Days Drought        Frequency 

Increase (°C)            Change (%)           (days/year)               (events/decade) 

South Asia       +1.1                     –6                      18                        3.4

Sub-Saharan      +0.9                    –10                    12                        4.1

Africa

Latin America    +0.8                    +3                     9                         2.3

 

Source: (IPCC AR6 Working Group 1 Regional Summary Report, 2021), (ERA5 Climate Reanalysis Data, European Centre for Medium-Range  Weather  Forecasts  (ECMWF),  2022),  (EM-DAT  International  Disaster  Database,  Centre  for  Research  on  the Epidemiology of Disasters (CRED), 2023)

South  Asia recorded  the highest temperature  gain  ( +1.1⁻ 1  °C) and a  strong reduction  of  precipitation  (  -6  -percentage)  thus creating  a  conducive  high  frequency  of  extreme  heat  day  and  common  flooding  caused  by  monsoonal  variability  (IPCC  AR6 WG2  Chapter  -10,  2022).  Sub-Saharan  Africa  faced  significant aridification records  characterized  by  a  10 percent reduction  in rainfall and an increase in the number of drought events (4.1 events per decade) and tightening agricultural productivity and water resource supply (EM-DAT, 2023). Latin America experienced a small growth in precipitation ( +3) and continues to face local rainfalls and changes in the dry seasonality (IPCC AR6 WG2, 2022).

Socio-Economic Vulnerability Indicators

Table 2 shows the main socio-economic indicators that determine the vulnerability and adaptive capability in the region based on

the data provided by the global databases.

Region        GDP per Capita          Agriculture             Malnutrition         Adaptive Capacity 

(USD, 2020)         Employment (%)         Prevalence (%)           Index (0–1) 

South Asia             1,856                     38                        18                      0.42

Sub-Saharan           1,474                   50.7                      22                      0.34

Africa

Latin America            7,445                     17                        8                       0.65

 

Source:  (World  Bank  Open  Data,  2023),(Food  and  Agriculture  Organization  (FAO)  Statistics,  2022),(WHO  Global  Nutrition Report, 2022), (Notre Dame Global Adaptation Initiative (ND-GAIN), 2022)
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The most vulnerable region is represented by Sub-Saharan Africa, which is reflected in the low income persistence, high degree of  reliance  on  agriculture,  high  levels  of  malnutrition,  and  the  low  adaptability  (ND-GAIN  Index,  2022).  South  Asia  faces moderate  exposure  which  is  due  to  large  population  density  in  the  rural  agrarian  environment  and  various  problems  of  health. Latin  America  has  relatively  strong  economic  conditions  and  adaptive  capacity  of  institutions  thereby  alleviating  the  general vulnerability.


Integrated Risk Assessment 

Applying the IPCC risk model (Risk = Hazard × Exposure × Vulnerability), normalized scores (0 to 1) for each dimension and composite risk were estimated as follows:

Region              Hazard Score  Exposure Score  Vulnerability Score  Composite Risk Score 

South Asia            0.75             0.80               0.58                   0.70

Sub-Saharan Africa  0.70             0.85               0.68                   0.73

Latin America        0.60             0.65               0.35                   0.53

According  to  Intergovernmental  Panel  on  Climate  Change  Working  Group  (2)  Sixth  Assessment  Report  (2022),  the  highest climate risk is in Sub-Saharan Africa due to loads of exposure and vulnerability. South Asia has a slightly low risk profile, which is attributed to its high population density and the occurrence of climate risks. Latin America has the lowest composite risk as its socio-economic condition is rather robust.

Adaptation Measures and Challenges 


South Asia 

The  agricultural  sector  and  mitigation  of  disaster  risks  are  the  main  elements  of  climate  adaptation  efforts  in  South  Asia. Countries  like  India,  Bangladesh and  Nepal have  started integrating  early  warning mechanism like real  time  flood  and cyclone warnings, installation of micro- irrigational mechanisms like drip and sprinkle irrigation systems and planting of climate resistant varieties  (e.g.  drought  resistant  rice,  drought  resistant  wheat).  The  measures  are  the  beginning  of  a  new  outlook  of  proactive construction of resilience in the region. Besides infrastructural and crop innovation, the crop insurance schemes that are in line with weather have been effective in mitigating the risk to farmers occasioned by weather. The economic insuring aspect of those tools allows the producers to reduce losses and invest in adjustive activities, which strengthens the resilience of the entire agrarian societies  (IPCC  AR6  WG2  Chapter  10,  2022).  Still,  there  are  structural  problems.  The  unequal  distribution  of  social advancement, the limitation of the local government structure, and the restricted access to information and technology in the rural areas still stand in the way of the fair adoption of the adaptation response. Also, the challenges associated with the availability of financial  resources  and  the  need  to  change  centuries-old  agricultural  systems  contribute  to  the  vulnerability  of  agricultural systems (IPCC AR6 WG2 Chapter 10, 2022).

Sub-Saharan Africa 

The  adaptation interventions that are  undertaken  in  Sub-Saharan  Africa  include  the  production  of  drought-resistant  varieties  of cereals,  such  as new  varieties  of  maize  and  millet,  and  the implementation  of  on-site  water harvesting  methods,  and  the  social protection  programs,  specifically  cash  transfer  schemes.  Various  national  settings  have  initiated  community-based  adaptation (CBA)  projects  where  adaptive  solutions  are  developed  in  active  involvement  of  the  local  communities.  However,  the  current limitations in the infrastructural capacity, lack of state investment, and lack of technical resources hinder the process of adaptation activities. In addition, frequent political unrest and general lack of education do little to help in the process of fitting  in (World Bank Climate Reports, 2023).


Latin America 

Adaptation activities are being conducted in Latin America both in cities and rural areas. In developed cities, green infrastructure, shade  planting  and  cool  roof  is  developed  in  response  to  heatwaves.  Agro  forestry,  soil  improvement  activities  and  water conservation  are  some  of  the  practices  that  have  been  implemented  in  the  agricultural  settings.  Besides,  climate-sensitive agriculture and community education have been launched in some localities. Nevertheless, the destruction of forests especially in the Amazon region and poor governance have remained as some of the big challenges. These difficulties require the mobilization and empowerment of local communities and development of clear environmental policies (FAO, 2022).


IV. Discussion  

The comparative analysis explains how differences in socio-economic statuses, governance potential, and environmental factors define the climate change vulnerability in regions. Even though there is an increase in temperatures and changes in the patterns of precipitations  reported  in  all  the  three  regions,  the  exposure  and  the  ability  to  adapt  are  significantly  different.  Temperature concomitant increase,  a  concomitant decrease  in rainfall, and an increase  in  monsoon  variability  in  the  South  Asia have  had  a direct negative  impact  on agricultural  productivity,  water  availability,  and  food  security.  Despite  the introduction  of  adaptation
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strategies such as climate-adaptive crop types, micro-irrigation, and early warning systems, there is a lack of implementation that cannot be corrected, which can be explained by the limitations of institutional coordination and socio-economic inequalities. The maximum  composite  climate  risk  is  exhibited  in  Sub-Saharan  Africa.  High  dependence  on  rain  based  farming,  low  per  capita income levels as well as poor infrastructure make it more vulnerable to droughts and hot weather stresses. Although adaptation programes  based  in  communities  and  drought-resistant  crop  programes  are  in  place,  their  scope  and  funding  are  limited. Enhancing  financial access,  education  and  strengthening  of  local  governance  are key  to  resilience  enhancement. The  effects  of climatic  conditions  in  Latin  America  are  relatively  tamed  by  stronger  state  apparatus  and  greater  GDP  rates.  However, deforestation  in  the  Amazon  basin,  and  unplanned  urbanisation  threaten  the  stability  of  the  ecology.  Adaptation  initiatives, including agroforestry, water-conservation policies, urban greening, and so on, have already shown improvements in the region; however, enforcement, and policy coherence remain to be problematic. The results herein support the assumption that climate risk cannot be characterized merely by the intensity of hazard, but it is the combination of exposure and vulnerability. Areas that have better institutions and a diversified economy experience increased adaptive capacity, but those that are caused by poverty, poor governance, and weak ecosystems continue to stay at higher risk.


Limitation  

The  research  is  based  purely  on  secondary  data  sources;  in  spite  of  methods  used  to  make  heterogeneity  of  data  quality  and reporting  standards,  data  quality  and  reporting  standards  might  lead  to  an  undermining  of  comparability.  The  IPCC  Risk Framework  is  simplifying  complicated realities, and the normalization process  that  will  follow  that  can hide major  differences within  intra-regional  lines.  Moreover,  the  lack  of  stakeholder  interviews  prevents  the  qualitative  richness  of  the  analysis  of adaptation.


V. Conclusion  

The  empirical  results  of  this  paper  show  that  the  effects  of  climate  change  are  regional  with  a  strong  influence  of  the  socio-economic  and  environmental  contextual  factors.  The  South  Asian  region  experienced  the  largest  temperature  rise  and  a precipitation decrease between 1991 and 2020, thus triggering frequent floods and droughts, as a result of which food and water security is at risk. Sub-Saharan Africa, despite a relatively modest increase in temperature, remains the most susceptible area due to limited adaptive ability, infrastructural inadequacy and political instability. The Latin America region is relatively lower in its composite  risk; however,  the region  faces  a  lot  of  problems  which have  been  brought  about  by  deforestation and inequality  in governance  of  the  region.  In  response  to  effective  adaptation,  localized,  multi  sectoral  approaches  are  needed,  which  combine technological,  institutional  and  community  based  approaches.  The  improvement  of  climate-smart  agriculture  and  disaster preparedness is a critical need in South Asia. Water resource management, diversification of agriculture and investing in health and  education  systems  should  become  top  priorities  of  Sub-Saharan  Africa.  Latin  America  should  focus  on  ecosystem preservation, resilience  in  cities  and  forest  safeguard.  This comparative  evaluation  proves  that resilience  to  climate  is not  only based  on  the  reduction  of  hazards  but  also  on  the  improvement  of  social-economic  realities,  governance,  and  the  capacity  to adapt. Intensified international collaboration, inclusive financing systems, as well as evidence-based policymaking are invaluable in gearing these regional adjustment pathways throughout the next few decades.
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