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Abstract 

Purpose: The aim of the study was to analyze the role 

of climate change in altering bird migration patterns in 

Vietnam. 

Methodology: This study adopted a desk 

methodology. A desk study research design is 

commonly known as secondary data collection. This 

is basically collecting data from existing resources 

preferably because of its low cost advantage as 

compared to a field research. Our current study looked 

into already published studies and reports as the data 

was easily accessed through online journals and 

libraries. 

Findings: Climate change has significantly altered 

bird migration patterns in Vietnam, primarily due to 

shifting temperatures, altered precipitation patterns, 

and habitat loss. Warmer temperatures have caused 

many migratory birds to adjust their timing, either 

arriving earlier or delaying their departure, which 

often leads to mismatches with food availability and 

breeding conditions. Additionally, changes in rainfall 

patterns have impacted the availability of critical 

stopover sites, such as wetlands, which are essential 

for resting and refueling during migration. Habitat loss 

due to climate change and human activities has further 

compounded these challenges, threatening the survival 

of various bird species that rely on consistent 

migratory routes. 

Unique Contribution to Theory, Practice and 

Policy: Ecological niche theory, phenological 

mismatch theory & climate envelope theory may be 

used to anchor future studies on role of climate change 

in altering bird migration patterns in Vietnam. 

Conservation practices should focus on adaptive 

habitat management that accounts for the changing 

migration patterns of birds due to climate change. 

Policymakers should prioritize the development of 

climate-responsive conservation policies that 

explicitly address the impacts of climate change on 

migratory bird species. 

Keywords: Climate Change, Altering Bird Migration 

Patterns  
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INTRODUCTION 

Bird migration patterns in developed economies like the USA, Japan, and the UK are heavily 

influenced by climate change, habitat availability, and urbanization. For example, in the United 

States, studies have shown that species like the American Robin (Turdus migratorius) are 

migrating earlier in the spring due to warmer temperatures, with data indicating a shift of 

approximately five days earlier over the past 20 years (Robinson & Sutherland, 2019). Similarly, 

in Japan, the Oriental Stork (Ciconia boyciana) has experienced changes in migration routes and 

timing due to rapid urban development and changes in rice farming practices, leading to a decline 

in their traditional wintering sites (Kawachi, 2020). The UK has also observed shifts in bird 

migration patterns, particularly with species like the Blackcap (Sylvia atricapilla), which now 

increasingly overwinter in Britain rather than migrating to southern Europe, a trend that has been 

linked to milder winters and the availability of food resources (Berthold, 2018). These changes 

highlight the dynamic nature of bird migration in response to anthropogenic factors, necessitating 

ongoing monitoring and conservation efforts. 

Canada and Germany is significantly influenced by climate change and habitat alterations. In 

Canada, species such as the Snow Goose (Anser caerulescens) have shown a northward shift in 

their breeding grounds due to warming temperatures, with studies indicating a 4% annual increase 

in northern migration over the past two decades (Johnston, 2019). Similarly, in Germany, the 

Eurasian Blackbird (Turdus merula) has been observed to shorten its migration distances, with a 

growing number of birds overwintering in Germany rather than migrating south, largely due to 

milder winters and increased urban food resources (Lehikoinen, 2020). These trends underscore 

how climate change is reshaping migration patterns in these countries, affecting both the timing 

and distance of migration routes. 

Australia and France are being influenced by climate change and human activities such as 

agriculture and urban development. In Australia, the migration of the Eastern Curlew (Numenius 

madagascariensis) has been disrupted due to habitat loss in the Yellow Sea, a crucial stopover site, 

leading to a decline of over 80% in their population over the past 30 years (Studds, 2017). 

Similarly, in France, the European Pied Flycatcher (Ficedula hypoleuca) is arriving at breeding 

grounds earlier than usual, a shift of about 10 days over the last 25 years, attributed to warming 

temperatures during spring (Saino, 2019). These changes highlight how environmental factors in 

developed nations are altering traditional migration patterns, with significant implications for bird 

populations. 

In developing economies, bird migration patterns are similarly impacted by environmental 

changes, though often exacerbated by deforestation, agriculture, and unregulated urban expansion. 

For instance, in India, the Siberian Crane (Leucogeranus leucogeranus) has seen a significant 

decline in its migration to the Indian subcontinent, with numbers dropping by nearly 80% over the 

last three decades due to habitat loss in wetlands (BirdLife International, 2020). In Brazil, the 

Amazonian bird species such as the White-bellied Parrot (Pionites leucogaster) are altering their 

migratory routes due to deforestation, with a noticeable shift towards the edges of the forest rather 

than the central Amazon, reflecting changes in food availability and forest cover (Santos & Silva, 

2019). These shifts in migration patterns in developing economies indicate a critical need for 

improved environmental management to protect migratory bird species from further declines. 
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India and Brazil, bird migration patterns are increasingly impacted by environmental changes, 

particularly habitat destruction and climate variability. In India, the Lesser Florican (Sypheotides 

indicus) has experienced a dramatic decline in its migratory population, with a reduction of nearly 

60% over the past three decades due to extensive agricultural expansion and loss of grassland 

habitats (Jathar & Rahmani, 2018). In Brazil, the Rufous-bellied Thrush (Turdus rufiventris) is 

altering its migration routes in response to deforestation in the Amazon, leading to a noticeable 

shift towards urban areas where food availability has increased, reflecting changes in habitat 

structure (Rosa, 2017). These examples from developing economies highlight the urgent need for 

conservation efforts to protect migratory species and their habitats. 

Mexico and Indonesia, bird migration patterns are heavily impacted by deforestation, agricultural 

expansion, and climate change. In Mexico, the migration of the Monarch Butterfly (Danaus 

plexippus) has seen a drastic decline due to habitat loss in their wintering grounds in Michoacán, 

with numbers decreasing by more than 70% since the 1990s (Brower, 2017). In Indonesia, the 

critically endangered Black-winged Starling (Acridotheres melanopterus) is experiencing 

disrupted migration due to deforestation in Sumatra and Java, leading to a significant decrease in 

their population and alterations in migration routes (BirdLife International, 2020). These examples 

underscore the critical impact of environmental degradation on bird migration in developing 

economies, necessitating urgent conservation efforts. 

Vietnam and Peru, bird migration is heavily influenced by environmental degradation and climate 

variability. In Vietnam, the migration of the Black-faced Spoonbill (Platalea minor) has been 

affected by the loss of wetland habitats, with a decrease of over 50% in their numbers observed 

during winter migration in the Mekong Delta over the past 20 years (Yu, 2019). Similarly, in Peru, 

the migration patterns of the Andean Flamingo (Phoenicoparrus andinus) have been disrupted by 

mining activities and water extraction, leading to significant changes in their traditional migration 

routes and a 30% decline in population over the last decade (Larsen, 2018). These examples 

underscore the impact of human activities on bird migration in developing countries, necessitating 

more robust conservation efforts. 

In Sub-Saharan Africa, bird migration patterns are undergoing significant changes due to climate 

variability, desertification, and human activities such as agriculture and hunting. The African-

Eurasian migratory bird species, such as the Barn Swallow (Hirundo rustica), are arriving later in 

their African wintering grounds, with studies indicating a delay of up to 10 days over the past 15 

years, likely due to changes in weather patterns and habitat degradation in the Sahel region 

(Ockendon, 2018). In Nigeria, the Northern Carmine Bee-eater (Merops nubicus) is experiencing 

a reduction in population size due to the encroachment of agricultural activities into their breeding 

habitats, leading to a significant decline in their migratory numbers (Olsson, 2019). These 

examples from Sub-Saharan Africa underscore the vulnerability of migratory birds to 

environmental changes and the need for region-specific conservation strategies to mitigate these 

impacts. 

Kenya and South Africa are witnessing significant changes in bird migration patterns due to 

climate change, habitat loss, and human activities. In Kenya, the migration of the European Bee-

eater (Merops apiaster) has been delayed by up to 15 days over the past 20 years, attributed to 

changing weather patterns and increased desertification in the Sahel region (Ndang'ang'a, 2019). 
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In South Africa, the Southern Yellow-billed Hornbill (Tockus leucomelas) is experiencing a 

reduction in its migratory range due to habitat fragmentation and agricultural encroachment, 

leading to a decline in population numbers by nearly 30% over the last decade (Hockey, 2018). 

These trends in Sub-Saharan Africa demonstrate the critical challenges migratory birds face, 

emphasizing the need for region-specific conservation strategies. 

Ethiopia and Tanzania are observing significant changes in bird migration patterns due to climate 

change, habitat loss, and human activities such as agriculture and overgrazing. In Ethiopia, the 

migration of the White Stork (Ciconia ciconia) is increasingly affected by the changing climate, 

with delays in arrival times at wintering grounds by up to 12 days over the past 15 years, likely 

due to shifts in weather patterns along their migration routes (Thomson, 2018). In Tanzania, the 

Lesser Flamingo (Phoeniconaias minor) is facing declining numbers during migration due to 

habitat destruction in key wetland areas, with populations decreasing by nearly 40% over the past 

decade (Baker, 2016). These trends in Sub-Saharan Africa illustrate the pressing challenges 

migratory birds face in the region, highlighting the need for targeted conservation initiatives. 

Ghana and Uganda are witnessing notable changes in bird migration patterns due to climate 

change, deforestation, and agricultural expansion. In Ghana, the migration of the Woodland 

Kingfisher (Halcyon senegalensis) has been delayed by an average of 10 days over the past 15 

years, a change likely linked to shifting rainfall patterns and increasing deforestation in the region 

(Norris, 2019). In Uganda, the Grey Crowned Crane (Balearica regulorum) is experiencing 

reduced migration distances due to the loss of wetland habitats and agricultural encroachment, 

leading to a 25% decline in their population numbers over the past decade (Byaruhanga, 2018). 

These trends illustrate the pressing challenges faced by migratory birds in Sub-Saharan Africa, 

highlighting the need for targeted conservation strategies. 

Climate change indicators such as rising temperatures, altered seasonal shifts, changing 

precipitation patterns, and increased frequency of extreme weather events are critical in 

understanding the impacts on bird migration patterns. Rising temperatures, for example, have been 

linked to earlier onset of spring, leading to earlier breeding and migration timings in many bird 

species (Both , 2016). Seasonal shifts, particularly changes in the timing and duration of seasons, 

disrupt the synchronization between bird migration and the availability of food resources, which 

is vital for their survival during long journeys (Visser , 2018). Altered precipitation patterns can 

affect the availability of water bodies and wetlands that serve as critical stopover sites for 

migratory birds, influencing their routes and success rates (Høye, 2021). Additionally, the 

increased frequency of extreme weather events, such as storms and heatwaves, can lead to higher 

mortality rates during migration and force birds to alter their traditional routes, impacting overall 

population dynamics (Jenni & Kéry, 2020). 

These climate change indicators collectively challenge the adaptive capacities of migratory birds, 

leading to shifts in their migration timing, routes, and even their destinations. For instance, studies 

have shown that species like the Pied Flycatcher (Ficedula hypoleuca) in Europe are arriving at 

breeding grounds earlier due to warmer springs, potentially causing a mismatch with peak food 

availability (Both et al., 2016). Similarly, altered seasonal shifts have caused some species to 

extend their stay in non-breeding areas or skip migration altogether, as seen with certain 

populations of the American Robin (Turdus migratorius) (Marra, 2020). The disruption of 
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precipitation patterns has led to the decline of wetland-dependent species like the Black-faced 

Spoonbill (Platalea minor), which relies on consistent water levels at stopover sites (Yu et al., 

2019). Finally, extreme weather events are increasingly impacting migratory success, with storms 

causing significant losses in species such as the Swainson's Hawk (Buteo swainsoni) during 

migration (Newton, 2018). These examples illustrate the complex and multifaceted ways in which 

climate change indicators are reshaping bird migration patterns globally. 

Problem Statement 

The problem of climate change altering bird migration patterns has become increasingly critical 

as rising global temperatures, shifting seasonal cycles, and changing precipitation patterns disrupt 

the delicate balance of ecological cues that birds rely on for their migratory journeys. These 

environmental changes are causing shifts in migration timing, routes, and even the destinations of 

many bird species, leading to potential mismatches between the availability of food resources and 

the birds' arrival times at breeding and stopover sites. This disruption poses a significant threat to 

the survival and reproductive success of migratory birds, as well as to the ecosystems that depend 

on these species. Recent studies have highlighted how species like the Pied Flycatcher (Ficedula 

hypoleuca) are now arriving earlier at their breeding grounds, risking a mismatch with peak insect 

abundance, which is crucial for feeding their young (Both, 2016). Additionally, the increasing 

frequency of extreme weather events, such as storms and heatwaves, has been linked to higher 

mortality rates during migration, further exacerbating the risks to migratory bird populations (Jenni 

& Kéry, 2020). Understanding and addressing the role of climate change in altering bird migration 

patterns is essential for developing effective conservation strategies and mitigating the impacts on 

global biodiversity. 

Theoretical Framework 

Ecological Niche Theory 

Originated by G. Evelyn Hutchinson, the Ecological Niche Theory posits that species occupy 

specific niches based on environmental conditions and resource availability, which determine their 

survival and reproduction. This theory is relevant to the study of climate change and bird migration 

as it helps explain how shifting environmental conditions alter the niches that migratory birds 

depend on. As climate change affects temperatures and seasonal cycles, the ecological niches of 

migratory birds are disrupted, leading to changes in their migration patterns, such as altered timing 

and routes (Kearney & Porter, 2020). 

Phenological Mismatch Theory 

The Phenological Mismatch Theory, developed by scholars like Marcel Visser, describes the 

mismatch between the timing of life cycle events in different species, often caused by climate 

change. This theory is highly relevant to bird migration studies as it explains how changes in 

climate can cause migratory birds to arrive at breeding or feeding grounds either too early or too 

late, leading to reduced survival and reproductive success. For example, if birds arrive after the 

peak availability of food, they may struggle to feed their young, leading to population declines 

(Visser & Gienapp, 2019). 
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Climate Envelope Theory 

The Climate Envelope Theory, attributed to ecological modeling, suggests that species' 

distributions are largely determined by climate variables within a specific "envelope" of suitable 

conditions. This theory is crucial for understanding how climate change may force migratory birds 

to shift their ranges as their current habitats become unsuitable. The theory helps predict potential 

future ranges of species under different climate scenarios, providing insight into how bird 

migration patterns might change in response to global warming (Gaston, 2019). 

Empirical Review 

Both (2016) investigated the impact of climate-induced earlier spring arrivals on Pied Flycatchers 

in Europe, focusing on how rising temperatures have disrupted the timing of migration and 

breeding. By analyzing long-term observational data and applying phenological analysis, the study 

revealed that these birds now arrive at breeding grounds earlier than before, leading to a mismatch 

between the timing of their breeding and the peak availability of food resources, such as 

caterpillars. This mismatch is critical because it directly affects the reproductive success of the 

species, as food availability during the breeding season is crucial for the survival of nestlings. The 

researchers recommend the implementation of targeted monitoring programs to track these shifts 

in phenology and suggest that conservation efforts need to be adjusted to address these temporal 

changes. They also emphasize the importance of aligning conservation strategies with the altered 

timing of ecological events to mitigate the negative impacts of climate change on bird populations. 

Marra (2020) conducted a comprehensive longitudinal study using advanced satellite tracking 

technology to investigate the changing migration patterns of American Robins in response to 

climate change. The study uncovered that warmer winter temperatures have caused some robin 

populations to alter their traditional migration routes, with an increasing number choosing to 

remain in northern regions throughout the year rather than migrating south as they historically 

have. This shift in behavior could have profound implications for the species' long-term survival, 

as it may expose the birds to harsher winter conditions and reduce their access to critical resources 

needed during the non-breeding season. The findings suggest that these changes in migration 

behavior may lead to new challenges in terms of survival and reproductive success, prompting the 

authors to recommend further research into the long-term ecological impacts of these shifts. They 

also call for the development of adaptive management strategies that take into account the 

changing migratory behaviors of bird populations, particularly in the context of a warming climate. 

Visser and Gienapp (2019) explored the implications of phenological mismatches caused by 

climate change, focusing on how shifts in the timing of food availability affect the survival rates 

of migratory birds. Through a combination of experimental manipulation and detailed 

observational data, the researchers demonstrated that climate change is causing some bird species 

to arrive at their breeding grounds either too early or too late relative to the peak abundance of 

their primary food sources. This misalignment poses a significant threat to the birds' reproductive 

success, as arriving at the wrong time can mean insufficient food for raising offspring, leading to 

lower survival rates. The study highlights the critical need for conservation strategies that can 

mitigate these mismatches, suggesting that habitat management practices should be adapted to 

ensure the availability of food resources throughout the breeding season. The authors stress that 
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addressing these phenological mismatches is essential for the conservation of migratory bird 

species in a rapidly changing climate. 

Høye (2021) used remote sensing data to monitor the timing of spring arrival in Arctic bird species, 

revealing that climate change is causing these birds to arrive at their breeding grounds earlier each 

year. The study found that the advancement in arrival dates is closely linked to rising temperatures 

in the Arctic, which are warming at twice the global average rate. This earlier arrival may lead to 

a mismatch with the availability of food resources and suitable nesting conditions, which could 

have detrimental effects on breeding success. The researchers emphasize the importance of 

international collaboration in monitoring these changes, as the global nature of bird migration 

requires coordinated efforts across multiple countries and regions. They advocate for the 

development of more comprehensive climate models that can accurately predict the effects of these 

shifting migration patterns and inform conservation strategies. The study underscores the urgency 

of addressing climate change's impact on Arctic ecosystems, where the effects are being felt most 

acutely. 

Ockendon (2018) examined the impact of altered precipitation patterns on bird migration in Africa, 

utilizing a combination of historical records and climate models. The study revealed that changes 

in rainfall patterns across the continent are affecting the timing and success of migration for several 

bird species, particularly those that rely on specific wetland habitats. These shifts in precipitation 

have led to changes in migration timing, with some species arriving at their breeding or stopover 

sites either too early or too late, resulting in lower reproductive success and increased mortality. 

The authors recommend increased protection of critical habitats, particularly wetlands, which are 

vital for the survival of many migratory bird species. They also suggest that conservation strategies 

should account for the changing climate by ensuring that key habitats are preserved and managed 

in ways that support the needs of migratory birds under different climate scenarios. The study 

highlights the importance of maintaining ecological corridors that allow birds to adapt to these 

environmental changes. 

Jenni and Kéry (2020) analyzed the timing of autumn migration in songbirds, revealing significant 

shifts in migration timing due to climate change. The study found that some species are now 

migrating earlier or later than in previous decades, with these changes linked to variations in 

temperature and food availability along migration routes. These shifts in timing may have 

profound implications for the survival and reproductive success of migratory songbirds, as they 

can lead to mismatches with the availability of resources needed during migration and at stopover 

sites. The researchers call for enhanced monitoring programs to track these changes in migration 

timing and recommend that conservation strategies be adapted to address the dynamic nature of 

bird migration in response to climate change. The study emphasizes the need for flexible 

conservation approaches that can quickly respond to the ongoing changes in migration patterns. 

Saino (2019) utilized data from ringing stations across Europe to study the effects of climate 

change on the migration timing of the European Pied Flycatcher. The study found that these birds 

are now migrating earlier in response to warmer spring temperatures, a shift that may lead to a 

mismatch with the availability of food resources, such as insects, which are crucial for feeding 

their young. This mismatch poses a significant threat to the reproductive success of the species, as 

it may result in lower survival rates for chicks. The researchers advocate for adaptive management 
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practices to conserve migratory bird populations, suggesting that conservation strategies should be 

continuously updated to reflect the rapidly changing environmental conditions. They also 

emphasize the importance of ongoing research and monitoring to understand the full impact of 

climate change on migratory birds and to develop effective conservation measures that can 

mitigate these impacts. 

METHODOLOGY 

This study adopted a desk methodology. A desk study research design is commonly known as 

secondary data collection. This is basically collecting data from existing resources preferably 

because of its low-cost advantage as compared to field research. Our current study looked into 

already published studies and reports as the data was easily accessed through online journals and 

libraries. 

FINDINGS 

The results were analyzed into various research gap categories that is conceptual, contextual and 

methodological gaps 

Conceptual Research Gaps: While existing studies have extensively documented the effects of 

climate change on bird migration patterns, there remains a conceptual gap in understanding the 

cumulative and interactive effects of multiple climate change indicators (e.g., temperature, 

precipitation, and seasonal shifts) on bird migration. For instance, most studies, such as those by 

Both et al. (2016) and Visser and Gienapp (2019), focus on temperature-induced changes in 

migration timing but often overlook how different climate factors might interact to produce 

compounded effects on migratory behavior and survival. Further research is needed to explore 

how these various climate factors together influence migration patterns, particularly in terms of 

how birds might adapt or maladapt to these changes. 

Contextual Research Gaps: The majority of research on climate change and bird migration has 

been conducted in temperate regions of Europe and North America, as seen in studies by Marra 

(2020) and Jenni and Kéry (2020). This geographic concentration leaves a contextual gap in 

understanding how bird migration is being affected in other ecosystems, such as tropical and 

subtropical regions, where different climatic dynamics may be at play. Additionally, studies like 

those by Ockendon (2018) have highlighted changes in Africa, but more context-specific research 

is needed in understudied regions to understand the unique challenges and responses of migratory 

birds in diverse habitats. 

Geographical Research Gaps: 

Geographically, there is a significant gap in research on bird migration in the Arctic and other 

polar regions, which are experiencing some of the most rapid climate changes on the planet. Høye 

(2021) pointed out the urgency of studying these regions, yet comprehensive, long-term studies 

are still lacking. Similarly, while there is some research on African bird migration (e.g., Ockendon, 

2018), there remains a need for more localized studies in diverse ecosystems within Africa, Asia, 

and South America, where the impacts of climate change on bird migration could differ from those 

observed in temperate regions. This geographical gap hinders the global understanding of how 

bird migration patterns are evolving in response to climate change and limits the development of 

effective, region-specific conservation strategies. 
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CONCLUSION AND RECOMMENDATIONS 

Conclusions 

In conclusion, the role of climate change in altering bird migration patterns is increasingly evident, 

with significant implications for global biodiversity and ecosystem health. As climate change 

continues to drive shifts in temperature, seasonal timing, and precipitation patterns, migratory birds 

are forced to adapt in ways that often lead to phenological mismatches, altered migration routes, 

and changes in migratory timing. These disruptions pose serious threats to the survival and 

reproductive success of many bird species, as they struggle to find adequate food and suitable 

habitats at critical points in their life cycles. The evidence underscores the urgent need for targeted 

conservation strategies that are adaptable to these rapid environmental changes. Continued 

research and monitoring are essential to better understand these dynamics and to develop effective 

interventions that can mitigate the negative impacts of climate change on migratory bird 

populations. Addressing these challenges will require a concerted global effort, integrating 

scientific research, conservation practices, and policy measures to ensure the protection of 

migratory birds and the ecosystems they depend on. 

Recommendations 

Theory 

Future research should integrate multiple climate change indicators, such as temperature, 

precipitation, and seasonal shifts, into the Ecological Niche Theory to develop a more 

comprehensive understanding of how these factors collectively influence bird migration. This 

could lead to the development of new theoretical models that better predict the adaptive responses 

of migratory birds to climate change, helping to refine conservation strategies. Researchers should 

refine the Phenological Mismatch Theory by exploring how climate change affects different 

trophic levels and the cascading effects on bird migration. This could involve studying the 

interactions between birds, their food sources, and the ecosystems they migrate through, thereby 

improving the predictive power of the theory and its application to conservation biology. 

Practice 

Conservation practices should focus on adaptive habitat management that accounts for the 

changing migration patterns of birds due to climate change. This could include maintaining and 

restoring critical stopover sites and breeding grounds that are resilient to climate variability. 

Practical efforts should also include creating ecological corridors that allow birds to adjust their 

migration routes in response to environmental changes. There is a need for enhanced monitoring 

programs that use advanced technologies, such as satellite tracking and remote sensing, to collect 

real-time data on bird migration patterns. This data can be used to identify emerging trends and 

inform immediate conservation actions. Additionally, citizen science initiatives could be expanded 

to engage the public in monitoring bird migrations, providing a broader data set and fostering 

community involvement in conservation efforts. 

Policy 

Policymakers should prioritize the development of climate-responsive conservation policies that 

explicitly address the impacts of climate change on migratory bird species. This includes 
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integrating climate change projections into wildlife management plans and ensuring that 

conservation policies are flexible enough to adapt to ongoing environmental changes. Policies 

should also support international cooperation, as many migratory birds cross multiple countries 

and require coordinated conservation efforts. Given the global nature of bird migration, 

international collaboration is essential for effective conservation. Policies should encourage cross-

border cooperation in the protection of migratory routes and habitats, particularly in regions that 

serve as critical stopover sites or breeding grounds. This could involve creating international 

agreements or enhancing existing frameworks like the Convention on Migratory Species (CMS) 

to better address the challenges posed by climate change. 
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