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Abstract: The aim of this article is to analyse the context of climate change and the need for public 

policies from a global perspective in the aspects of degradation and impact, as well as the 

identification of more effective methodologies for the formulation of public policies. The method 

used in this article was a literature review, and information was obtained from 61 scientific articles 

indexed mostly in the Scopus and Dialnet databases. The results show large-scale deforestation in 

industrialized countries, plus 35% in the Alps, which has led to a reduction of more than 80% in the 

length of most Alpine glaciers. In conclusion, climate change is generating devastating effects 

worldwide such as rising temperatures, shrinking glaciers, water loss, deforestation and black carbon 

emissions, which are affecting local economies and natural resources, and water scarcity is looming 

in the future, which will generate a war for water resources between dominant states due to low 

agricultural production and food shortages. 

Keywords: climate change; environmental policies; public policies; renewable energy; environmental 

regulation; and sustainability 

 

Introduction  

In the current context, the world is undergoing sudden climatic changes in which climate change 

and the COVID 19 pandemic are the global crises that most affect human beings (Khojasteh et al., 

2022). Studies suggest that climate change is linked to the COVID 19 virus (Drews et al., 2022), one of 

Europe's greatest concerns and one that has put the population on edge, forcing them to take 

measures to reduce environmental impact by creating public policies for the preservation of natural 

resources and the well-being and health of human beings (Cifuentes, 2022).  

In Germany, awareness of climate change has prompted politicians and the German population 

to take action to protect the environment (Venghaus et al., 2022). The problem has been affecting 

urban populations and farming communities in China, who have found it necessary to generate 

adaptation techniques to cope with climate change through the formulation of public policies to make 

it sustainable and ensure the integrity of rural people (Mir et al., 2022). 

Also, Pakistan's atmospheric space is the most polluted in the world, which directly affects its 

economy and health, due to its weak national strategy to mitigate climate change (Sohail et al., 2022).  

In this context, international standards have been developed with the aim of reducing carbon 

emissions in the atmosphere, generated by the energy, industrial and agroforestry sectors, as a 

measure to mitigate climate change (Honegger et al., 2022). The war between Russia and Ukraine has 

been causing an energy crisis, increasing the cost of living due to rising fuel prices. This situation also 

has a negative impact on the environment, as it contributes to global warming and hinders the goal 

of keeping the global temperature increase below 1.5°C (Berglund et al., 2022).  

Another important aspect concerns public policies in the United States that focus on electricity 

generation and seek to reduce greenhouse gas emissions in order to achieve environmental justice 

(Declet & Rosenberg, 2022), All of this shows that Americans are attentive to the consequences, but 

their concern is nevertheless low compared to other state policies (Cole et al., 2022). On the other 

hand, the European Union has identified sustainable development as a key strategy for the 
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development of countries worldwide (Medeiros et al., 2022); despite the alternatives of 

geoengineering technologies as a strategy to tackle global warming (Hart et al., 2022) there is still no 

progress on concrete policy responses at the global level to address the problem. (Wamsler & Bristow, 

2022). 

In addition to the implementation of the Paris agreements, all European states are reporting on 

the implementation of environmental policies (Borghesi et al., 2022), with public spending having the 

greatest significance for sustainable policies (Sovacool et al., 2022). Science is also constantly 

searching for ways to prevent global temperatures from exceeding 1.5°C and 2°C (Van Beek et al., 

2022). Hence the importance of studying climate change and public policies to adapt to it, which 

continues to be a challenge (Carneiro et al., 2022).  

It is also worth mentioning that in Africa there was a process of glacier increase due to the 

decrease of temperature in the sea Waters (Mekonnen et al., 2022) que está modificando el clima y 

está afectando a los glaciares debido al impulso de forma abrupt man-made abrupt change to nature 

a (Braumann et al., 2022), and as a product of the embaste there has been a very significant glacial 

retreat in the central Andes of Chile during the last 60 years (Cereceda et al., 2022). Even at the 

beginning of the marine glaciers there was a marine situation called Neoproterozoic snowball, where 

the oceans had sea ice layer of 1000 m thick, it had to happen a global warming event produced by 

CO2, but there is no exact data that can explain the time it took the process of marine deglaciation 

nor what physical form it had in the ocean (Zhao et al., 2022). In this sense, public policies play a very 

important role in the preservation of the ecological footprint of nations, which, depending on their 

management, can accelerate or decrease the ozone footprint through the formulation of 

environmental policies (Ahmed et al., 2022). 

This article is justified by an understanding of climate change, which has been causing serious 

damage to the planet, directly affecting economies, public health and ecosystems. It is therefore 

crucial to understand public policies for effective and sustainable mitigation of the effects. The main 

objective was to analyse the context of climate change and the need for public policies from a global 

perspective, focusing on deglaciation, its impact and the identification of effective methodologies for 

the formulation of public policies. The importance of this study lies in the search for prevention 

policies to help mitigate climate change. Sub-themes such as the importance of climate change 

adaptation policies, the process of marine deglaciation and its impact on marine diversity and 

glaciers, glacier melting in Latin America and Peru, and the impact of climate change on industry 

were explored.  

Methodology 

The review article was developed under the qualitative approach, under the methodology of 

documentary analysis, mostly of scientific articles indexed in the Scopus and Dialnet databases, the 

Boolean operators AND and OR were applied in Scopus, considering open access articles, product of 

this, articles were identified according to the sub-themes, which were selected one by one, because of 

this is shown in Figure 1 which explains the flow of the articles.    

 

Figure 1. Research flowchart. 
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The results show that the use of the methodologies favours the fight against climate change, 

which is why it is important to use the methodology of documentary analysis to understand and 

assess the local impact, and to recommend the guarantee of work, the construction of green 

infrastructures, the promotion of clean transport in order to achieve climate stabilization (Khojasteh 

et al., 2022), on the other hand, using online surveys as a methodology, they found the existence of a 

relationship between the variables COVID 19 and climate change in Spain (Drews et al., 2022). 

Through the methodology of the analysis, the experts proposed public policies through the approach 

divided into four components such as the milestones, the green pact in the EU, the climate law and 

the circular economy aimed at climate care in order to combat climate change (Cifuentes, 2022). 

In order to show the importance of the climate change problem in Germany, they used the 

quantitative and qualitative methodology of scientific and governmental documentary analysis and 

statistical reports to identify key indicators (Venghaus et al., 2022). Using the ARDL methodology, 

AARDL (Autoregressive Distributed Lag Lag Model) determined the influence of democracy on the 

ecological footprint (EF) of the environment, adding the density, purified energy and economic 

development of Pakistan (Ahmed et al., 2022). On the other hand, through the GAINS simulation 

methodology, they managed the prevention of air pollution through the Ener Neo model to combat 

climate change (Mir et al., 2022). 

Using the quantitative method, the literature and a semi-structured questionnaire collected 

information in Kasur, Punjab, and Pakistan, for the generation of public policies in response to 

climate change (Sohail et al., 2022). Using a qualitative approach, they researched and compiled 

information on the principles of climate governance that are most relevant to carbon dioxide 

decontamination (Honegger et al., 2022). They showed that the paradigm of public policy on climate 

change is underpinned by social theories (Berglund et al., 2022). Also, by conceptualising 

environmental justice, it allowed the economic situation to be calculated, using the k-means analysis 

algorithm as a technique for looking at the effects of coal-fired power on the environment (Declet & 

Rosenberg, 2022).  

Using regression analysis, they evaluated the climate change policies issued by Congress (Cole 

et al., 2022). The EIT methodology (TARGET_TIA) assisted in the research to assess impacts in five 

dimensions in the five regions of mainland Portugal. In this context, the Operational Programme for 

Sustainability and Efficient Use of Resources (POSEUR) played a key role in the path towards carbon 

neutrality by supporting policy actions such as the promotion of green public transport through the 

replacement of old fleets with vehicles powered by hydrogen generated from renewable energy 

sources (Medeiros et al., 2022). 

Using the methodology of thematic analysis, the results of their research enabled decision-

makers to recognise the relationship between mental health and climate change, and how this is 

reflected in current policies (Wamsler & Bristow, 2022). While study 1 investigated the role of political 

ideology in mediation, study 2 analysed the effects of climate change and climate solutions, 

highlighting the importance of considering climate risk and communicating carbon reduction 

solutions (Hart et al., 2022). The prioritisation of green policies by governments may result in a 

redistribution of investment from carbon-intensive companies to more sustainable sectors, which 

may have long-term negative consequences for the carbon-intensive sector in terms of 

competitiveness and capital attraction (Borghesi et al., 2022). 

According to studies, research on climate change adaptation is the most funded, followed by 

mitigation through energy systems, transport, agro-climatic engineering and industrial 

decarbonisation, although funding has been unevenly allocated to specific technologies such as 

resilience, energy efficiency and electric vehicles (Sovacool et al., 2022). In the IPCC SR1.5 report, a 

number of mutually reinforcing interactions between scientific modelling and policy making are 

observed, which have led to the goal of limiting global warming to 1.5°C gaining prominence on the 

global climate agenda (Van et al., 2022). 

The results show that large-scale deforestation, human activities in general, industry, 

governments of industrialised countries and urbanisation are the main factors contributing to climate 
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change (Cheval et al., 2022). Another study used digital methods to investigate the interaction 

between climate science and agriculture, its results indicate that CCAFS has had a positive impact by 

increasing public awareness of Climate-Smart Agriculture (CSA), engaging with key stakeholders in 

a network of over 60,000 members, influencing the debate on climate change adaptation  (Carneiro 

et al., 2022). Another study used simulations of the Weddell Sea that incorporated cavities in the ice 

shelves and considered the physical and biological processes associated with carbon accumulation in 

the deep ocean. These simulations were conducted under the high-emissions climate change scenario 

SSP5-8.5 and revealed changes in the production of dense water, which could affect the distribution 

of carbon between the atmosphere and the ocean, accelerating climate change (Meredith, 2022). On 

the other hand, analysis of mountain glaciers reveals that, after the Last Glacial Maximum (LGM), 

there were periods when deglaciation stopped or glaciers stabilised, possibly during the transition 

from the Old Dryas to the Bølling (periods), (Braumann et al., 2022).  

Based on experimental methodology, it was revealed that cooling of tropical sea surface waters 

led to the formation of glaciers in East African mountains such as Mount Kenya, Kilimanjaro, 

Ruwenzori and the Ethiopian highlands. In addition, the southward shift of the intertropical 

convergence zone (ITCZ) during the ice shedding events of the Heinrich 1 (H1) event is thought to 

have been a major cause of the drought in north and southeast Africa around 16-17 cal kyr BP 

(Mekonnen et al., 2022).  Another mapping study was conducted using semi-automated and manual 

methods, using LANDSAT imagery downloaded from the USGS, EROS, with a spatial resolution of 

30m. Where images were selected from austral summer periods to minimise the presence of seasonal 

snow, the impact of atmospheric pollutants emitted by local mining activities on glacial retreat of the 

Western High-range Glacier (OAG) compared to the Bello Glacier (BG) was examined. A relationship 

was found between pollutants and glacial retreat rates, indicating that retreat is not related to climatic 

or glaciological factors (Cereceda et al., 2022). 

Through the simulation method, it is highlighted that the estimated time for the deglaciation of 

the snowball Earth varies from 350 to 1500 years, depending on the surface albedo of the ice. The 

retreat of the marine glacier edge from 5° latitude to 10° latitude can take 100 to 1000 years, while the 

retreat from 10° to 15° latitude takes 90 to 250 years. The deglaciation time is shortened with higher 

ice albedo (Zhao et al., 2022). Therefore, it is important to highlight and define public policies on 

climate change (Porto de Oliveira, 2022; Urbina, 2020). In this regard, greenhouse gas emissions 

caused by human activities have increased significantly, which have been identified as the main cause 

of global warming observed since the mid-20th century (IPCC, 2014).  

Peru stands out for its ecological diversity but also faces limitations in relation to historical 

meteorological data, due to the lack of reliable information, the mathematical models used to predict 

the country's climate are unstable and unreliable (Sánchez, 2016). However, there is a model chain 

methodology that integrates different numerical models to analyse spatial and temporal patterns of 

climate-related hazard metrics, making it possible to assess potential environmental and socio-

economic impacts in the coastal zone (Torresan et al., 2019). Another study shows that collaboration 

between science and the humanities, together with the involvement of researchers and local actors, 

is essential to mitigate climate risks (Krauß, 2020). In this regard, the international community has 

been seeking responses to economic, social and environmental imbalances through the 2030 Agenda 

for Sustainable Development and the 17 Sustainable Development Goals (SDGs), these commitments 

are based on equality and sustainability as guiding principles for new global, regional and national 

strategies and policies (Velia et al., 2016).  

To understand the capacities that influence state performance, it is important to have a 

conceptual framework that describes the public policy cycle in order to establish performance 

indicators for each stage of the process (Pablo & Pablo, 2015). Within this approach, the characteristics 

of the actors involved are described, considering their capacity of veto and support, which allows the 

generation of indicators of viability and legitimacy of a policy. These indicators reflect the causes or 

possibilities of success of such policies (Cortés & Marín, 2014) 
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The most relevant results of this study are: 1) The participation of the regional government in 

the definition of public policies is fundamental to guarantee the representation of regional interests. 

2) Coordination between regional government and national policy is crucial to avoid overlaps and to 

achieve efficient management at regional and national level (Santibáñez & Barra, 2008). As an 

experience, it was identified that the Municipal Sanitation Council of Belo Horizonte has had 

difficulties in involving the population due to a lack of understanding of the concept of sanitation 

and its technical approach, which hindered participation and understanding of climate change 

(Cardoso & Rezende, 2014). 

It was taken into account that, due to human activity, the global temperature has risen by more 

than 1 ◦C in 120 years and continues to increase at a rate of 0.2 ◦C per decade. And by not taking 

mitigation measures, in less than 50 years an increase of 2 ◦C will be reached, endangering life on the 

planet and all that lives on it (Miralles & Miralles, 2022), one of the notable consequences is the 

increased danger of fires in forest areas (Shi & Touge, 2023), This has led to the implementation of 

actions practically separated from those of climate change mitigation and biodiversity conservation, 

without taking into account possible conflicts between the outcomes, leading to missed opportunities 

for synergistic measures (Rusch et al., 2022).  

1. The effects of the marine deglaciation process 

Based on the results of the NGR adjustment, they determined that the upper sediments of 

Sounding U1538A were deposited in the last 1.85 million years, with an average sedimentation rate 

of 23 cm per thousand years. In addition, a correlation was found between opal-rich sediments and 

warm stages, suggesting that the Early Pleistocene interglacials experienced a WAIS retreat (Bailey 

et al., 2022). A comparison is made between the deglaciation simulation and geological 

reconstructions of ice sheet change in the KNS region, which revealed that there was a rapid retreat 

of ice during the early Holocene (Cuzzone et al., 2022). The decrease in sediment accumulation may 

be linked to the increase in sea ice extent and the decrease in melting of the Northeast Greenland Ice 

Sheet (NEGIS) glaciers due to water cooling (Davies et al., 2022).   

In that sense, the Holocene, which began 10,000 years ago, is important (RAE, 2021), Also, 

studies in Brazil suggest that melting ice sheets in the northern hemisphere and increased 

atmospheric CO2 were the main drivers of post-GWP warming (Santos et al., 2022). The areas of 

greatest marine biodiversity are found in tropical and mid-latitudes, where sea surface temperatures 

have remained stable during centuries of extreme global-scale ocean warming. However, these areas 

are expected to experience significant changes in rapid warming rates between the pre-industrial and 

post-industrial periods, exposing them disproportionately to rates of temperature increase that are 

not analogous to those of the pre-industrial and post-industrial periods (Brown et al., 2022). 

2. The effects of melting glaciers in the world Latin America and Peru 

Research in New Zealand's glacial cirque on the Moraines revealed a reduction in ice volume 

due to temperatures that were approximately 5.8 degrees Celsius colder than today, warming that 

coincided with changes in westerly southerly winds and an increase in atmospheric carbon dioxide 

(Moore et al., 2022). Also, moraine belt-3 in the Ahuriri River valley was formed approximately 19.8 

± 0.3 thousand years ago, indicating the location of the glacier margin at that time. In addition, ancient 

shorelines were found in moraine belt-3, suggesting the existence of an ancient lake and its 

subsequent retreat (Tielidze et al., 2022). Another experiment revealed that the higher orbital 

eccentricity in period T2 compared to T1 had a significant impact on the mass balance of the Northern 

Hemisphere ice sheets during deglaciation, as well as on the meltwater flux due to ice sheet volume 

loss (Obase et al., 2021).  

According to the results, global warming has caused a noticeable increase in temperatures and 

a slight change in precipitation patterns in the Shiyang River basin (Jun et al., 2022). The study notes 

that by 1875 AD, a significant increase in residual black carbon (RBC) ice core concentrations was 

observed, coinciding with the more than 80% reduction in the length of most alpine glaciers during 
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the 19th century. This suggests that soot may not have been the determining factor in the end of the 

Little Ice Age (Sigl et al., 2018). Water scarcity is the main manifestation of the influence of climate 

change, affecting both water availability and demand. A marked decrease in the amount of accessible 

water is expected in most regions (Ray Biswas et al., 2022). Water from the Huaytapallana glaciers is 

vital for the Mantaro valley, which impacts the Peruvian economy by sustaining local agriculture and 

the water supply for almost half a million people in Concepción and Huancayo. It also contributes to 

the production of approximately 35% of the country's hydroelectric power (Torres et al., 2018). 

3. Impact of climate change on industry 

The decrease of glaciers directly affects tourism due to the low number of visitors, thus affecting 

the local economy due to climate change (Salim et al., 2021). In addition, rising global temperatures 

are causing a transformation in weather patterns and an increase in the occurrence of fires, with 

serious consequences for economic development, social structure and the tourism industry (Sibitane 

et al., 2022). Also, the deforestation of 30% of the Alps has caused a catastrophe in its contours as 

large snow avalanches, which are seriously affecting the economy of the place becoming 

unsustainable (Brugger et al., 2021). The emission of black carbon (BC) in the USA, India, China and 

other areas of Asia represents a significant threat to Himalayan glaciers and the Tibetan Highlands 

(HTP), which is why it is essential to reduce these emissions in order to preserve these valuable water 

resources and counteract the impact of climate change in the area (Yi et al., 2019). Against this 

background, the use of empirical evidence in policy making has been crucial in advancing 

environmental protection, as evidenced by the effective actions taken to address the ozone hole 

problem (Chen, 2021).  

Global freshwater depletion will affect food production because it will lead to food shortages, 

which is one of the UN's priorities (Feizizadeh et al., 2022). Companies that manufacture means of 

transport are also involved in carbon emissions (Miklautsch & Woschank, 2022). The unstoppable 

progress of climate change is cited as the main factor behind the retreat of glaciers, which will result 

in diminishing water resources and eventual global freshwater shortages (Cueva et al., 2023). 

Discussion of the results 

In the discussion of the results, similarities were found in terms of the public policy approach: 

Khojasteh et al. (2022), Cifuentes (2022), Sohail et al. (2022), y Wamsler & Bristow (2022) emphasize 

the importance of developing informed public policies to combat climate change.  Another similarity 

is in the use of documentary analysis methodologies. While Venghaus et al. (2022), Khojasteh et al. 

(2022), y Drews et al. (2022) use documentary analysis to assess the impact of climate change and the 

effectiveness of policies. A variety of methodologies were identified, on the one hand Ahmed et al. 

(2022) apply ARDL and AARDL to study democracy and the ecological footprint, whereas Meredith 

(2022) uses ocean simulations to understand climate change. Other authors such as: Cheval et al. 

(2022) focus on specific issues such as deforestation and urbanisation, and Braumann et al. (2022) 

investigate the history of deglaciation. Common understanding of the impact of climate change on 

policy: All studies recognise that climate change is a critical factor that needs to be addressed through 

evidence-based policy. The importance of research is key to understanding climate change and its 

effects, as demonstrated by the studies of Carneiro et al. (2022) y Sovacool et al. (2022). There is also 

a consensus on the need for coordinated global action, as suggested by the emphasis on EU climate 

legislation and climate law (Cifuentes, 2022). 

Hart et al. (2022) examine the impact of climate change information on threat perception and 

communication of solutions. On the other hand, Borghesi et al. (2022) discuss the consequences of 

green policies on the investment and competitiveness of carbon-intensive firms. Along these lines, 

Van Beek et al. (2022) analyse the interaction between scientific modelling and policy making in the 

context of the IPCC SR1.5 report. In addition, Honegger et al. (2022) investigate the principles of 

climate governance and their importance in the generation of public policies. In this regard Berglund 

et al. (2022) argue that public policy on climate change is based on social theories. Another study such 
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as the Declet & Rosenberg (2022) use the k-means analysis algorithm to study the effects of coal-fired 

power. Also, Cole et al. (2022) conduct a regression analysis to evaluate the climate change policies 

issued by Congress and Medeiros et al. (2022) assess the impacts of policies in five dimensions in 

mainland Portugal's regions. 

In terms of methodologies and findings, Mekonnen et al. (2022) suggest that changes in sea 

surface temperature and movements of the ITCZ influenced the formation of glaciers in East Africa 

and droughts in North and Southeast Africa. Also, Cereceda et al. (2022) use LANDSAT imagery to 

analyse the impact of pollutants from mining activities on glacial retreat, finding a direct relationship 

between pollutants and retreat. Along these lines Zhao et al. (2022) simulations show that the Earth's 

deglaciation time depends on the albedo of the ice, with shorter times associated with higher albedo. 

On the other hand, they identified Porto de Oliveira (2022) y Urbina (2020) which emphasise the 

importance of defining clear public policies to address climate change. It takes into account IPCC 

(2014) that this scientific meeting identifies greenhouse gas emissions as the main cause of global 

warming since the mid-20th century. 

On the other hand Sánchez (2016) highlighted Peru's limitations in meteorological data and the 

instability of climate models. In response, the following was identified Torresan et al. (2019) who 

propose a model chain methodology for assessing environmental and socio-economic impacts in 

coastal zones, while Krauß (2020) advocates for the inclusion of the humanities in climate risk 

management and the development of place-based climate services de Velia et al. (2016) discussing 

the 2030 Agenda and the SDGs as frameworks for addressing economic, social and environmental 

imbalances. In terms of governance and public policy, the following were identified Pablo & Pablo 

(2015) y Cortés & Marín (2014) describe a conceptual framework for the policy cycle, establishing 

indicators of performance and feasibility. Some authors such as Santibáñez & Barra (2008) y Cardoso 

& Rezende (2014) examine the involvement of regional and local government in defining and 

understanding public policies. In terms of overall impact and future actions, the following are 

considered Miralles & Miralles (2022) warn about the rise in global temperature and its consequences, 

such as the increased danger of forest fires. In this regard Shi & Touge (2023) y Rusch et al. (2022) 

propose transformative governance principles to address constraints to climate change mitigation 

and biodiversity conservation. 

In terms of similarities, it was found that both Bailey et al. (2022) as Davies et al. (2022) relate 

changes in sedimentation to climatic variations, suggesting that warmer or colder conditions have a 

direct impact on sediment deposition and glacier dynamics. Coincidences were also found between 

the studies of Bailey et al. (2022) y Cuzzone et al. (2022) agree that interglacial periods, characterised 

by warmer temperatures, have influenced the retreat of the ice sheets. Another type of concurrence 

was in the retreat of the ice sheets according to the findings of Bailey et al. (2022) and Cuzzone et al. 

(2022) show that there has been a significant retreat of ice sheets during warm periods, which is 

reflected in the correlation between opal-rich sediments and warm stages, as well as in the rapid 

retreat of ice during the early Holocene. Due to multiple factors in this respect; Santos et al. (2022) y 

Brown et al. (2022) highlight global warming as a key factor affecting both ice sheets and marine 

biodiversity, with significant implications for the future. 

On the other hand, differences were found in terms of temporal and spatial scale Bailey et al. 

(2022) y Cuzzone et al. (2022) focus on specific geological periods and regions, Brown et al. (2022) 

address ocean warming on a global scale and over centuries. While Santos et al. (2022) identify 

melting ice sheets and rising CO2 as drivers of post-GWP warming, whereas Brown et al. (2022) focus 

on how warming will affect areas of high marine biodiversity in the future. The studies of Moore et 

al. (2022), Tielidze et al. (2022b) and Obase et al. (2021) reveal that changes in climate, either through 

variations in temperature or atmospheric composition, directly impact glaciers, using geological 

formations such as moraines and shorelines to infer historical changes in glaciers. As for the 

coincidences, Moore et al. (2022) and Obase et al. (2021) agree that periods of warming have been 

associated with deglaciation and significant changes in the environment, whereas Ray Biswas et al. 
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(2022) and Torres et al. (2018) highlight the relevance of glaciers as a source of freshwater and their 

impact on water availability due to climate change. 

On the other hand, the differences arise in the time scale addressed by the studies, since Moore 

et al. (2022) and Tielidze et al. (2022) focus on specific periods in the geological past, whereas Jun et 

al. (2022) and Ray Biswas et al. (2022) examine the contemporary and future effects of climate change. 

In addition, Sigl et al. (2018) The results show that soot was not the determining factor in the end of 

the Little Ice Age, challenging the common notion that anthropogenic pollution has been a key driver 

of climate change. Other results show that the decline of glaciers, essential for tourism, negatively 

impacts the local economy by reducing the influx of visitors, highlighting the urgency of action to 

mitigate climate change and its effects (Salim et al., 2021). Rising temperatures are causing climate 

change and increasing the frequency of fires, severely affecting economic development and the 

tourism industry (Sibitane et al., 2022). Deforestation in the Alps has led to natural disasters such as 

avalanches, compromising the economic sustainability of the region (Brugger et al., 2021). 

In addition, the use of empirical data has been essential for formulating effective environmental 

protection policies, such as those aimed at addressing the ozone hole (Chen, 2021). Black carbon 

emissions in countries such as the US, India and China pose a threat to Himalayan glaciers and the 

Tibetan Highlands, highlighting the need to reduce these emissions to preserve water resources (Yi 

et al., 2019). Climate change is causing lakes, such as Lake Urnia in Iran, to dry up, anticipating a 

decline in agricultural production with significant regional and local economic impacts (Feizizadeh 

et al., 2022). Furthermore, according to the sixth IPCC report, the industry and transport sectors 

contribute significantly to greenhouse gas pollution (Miklautsch & Woschank, 2022). And it is the 

main driver of glacier retreat, which could result in diminishing water resources and eventually 

freshwater scarcity (Cueva et al., 2023). 

Conclusion 

Climate change is generating devastating effects worldwide such as the reduction of glaciers, 

water loss, rising temperatures, deforestation and black carbon emissions, which are affecting local 

economies and the natural resources they possess, therefore, there is a need to generate public policies 

for environmental protection whose function is to reduce polluting emissions, in response to which 

the importance of using empirical data from the formulation of internal policies in each State was 

identified. In addition, the importance of addressing deforestation and promoting sustainable 

practices in key sectors such as industry and transport.  

Finally, due to 35% deforestation, there has been a reduction of more than 80% in the length of 

most alpine glaciers, and one of the problems looming in the future is water scarcity, which will 

generate war for water resources between the dominant states, and due to low agricultural 

production, there will be a global food shortage. In view of this, there is a need for the preservation 

of water resources and ecosystems in order to mitigate the impacts of climate change on local and 

global communities. 

Future Directions 

The studies reflect the complexity of the Earth's climate and geological systems and the 

interconnectedness of climate, geology and biodiversity. Understanding these processes is crucial for 

predicting and mitigating the effects of climate change in the future. It is therefore important to 

understand the historical and current factors influencing climate change, including evidence of ice 

volume reduction and its impact on water resources. This evidence is crucial for climate change 

adaptation and mitigation policies, underlining the relevance of glaciers as indicators of climate 

change and critical resources for human communities and ecosystems. It should be noted that 

renewable energy generation is also at risk, due to the absence of water in the future. 

Finally, climate change must be addressed from an interdisciplinary approach, combining 

science, policy and economics, incorporating methodologies, ranging from satellite imagery analysis 
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to simulations and conceptual frameworks, that can mitigate the effects of climate change and 

promote sustainability.  
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