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Abstract 

Urban Heat Islands (UHI) are a climatic phenomenon where urban areas exhibit significantly higher temperatures than their rural 

surroundings. This effect is primarily driven by urbanization, the reduction of green spaces, the prevalence of heat-retaining 

materials such as concrete and asphalt, and human activities. This study analyzes the UHI effect in Los Mochis, Sinaloa, México 

through temperature monitoring at three meteorological stations across different periods of the year. Spatial data processing and 

analysis were conducted using ArcMap 10.2, enabling the creation of thermal distribution maps and the identification of 

temperature variation patterns within the urban landscape. The results confirm the presence of the UHI effect, with urbanized 

zones recording consistently higher temperatures than less developed areas. The highest temperature, 39.53°C, was observed 

between July and September, whereas the maximum recorded during January-February was 28.62°C. Temperature variations 

also fluctuated depending on the time of day, with the highest value occurring at midday and in the afternoon. The study 

highlights the necessity of implementing mitigation strategies to counteract UHI effects, such as increasing green areas, 

incorporating reflective materials in infrastructure, and promoting sustainable urban design. These measures are essential for 

enhancing urban climate resilience and improving the quality of life in affected areas. 
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1. Introduction 

Climate change is an undeniable reality, and human 

adaptability will be crucial in determining how effectively we 

respond to the new challenges it poses for urban climatology. 

Urbanization leads to significant changes in land use; as 
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built-up areas expand, the amount of space dedicated to veg-

etation diminishes. This shift alters the energy balance, dis-

rupts natural habitats, and diminishes the aesthetic value of 

urban landscapes [1]. 

In recent years, the Urban Heat Island (UHI) phenomenon 

has garnered considerable attention from researchers. UHI 

refers to the increase in air temperatures within cities com-

pared to surrounding rural areas. This effect is primarily 

caused by the proliferation of urban surfaces—such as asphalt 

and concrete—that absorb and retain heat, thereby exacer-

bating a range of urban environmental issues. In cities with 

colder climates, UHI may yield some benefits, such as re-

duced demand for residential heating. However, in cities with 

consistently warm climates, it leads to increased air condi-

tioning (AC) use, which transfers indoor heat to the outdoor 

environment. On a broader scale, heightened electricity con-

sumption for AC systems contributes to elevated greenhouse 

gas (GHG) emissions, particularly in regions reliant on fossil 

fuel-based power generation [2]. 

As a result, the UHI effect in warm climates tends to 

worsen thermal discomfort and increase the incidence of 

heat-related illnesses. Moreover, in all urban environments, 

additional heat may stimulate ecological activity by altering 

the distribution of local flora and fauna. It can also accelerate 

chemical reactions that exacerbate air pollution, such as the 

formation of ground-level ozone. 

The UHI phenomenon represents a global challenge that 

threatens the functionality, livability, and sustainability of 

urban ecosystems. It has far-reaching implications for human 

comfort, public health, air quality, energy consumption, and 

city planning. UHI intensity is influenced by both meteoro-

logical conditions and environmental characteristics, includ-

ing building materials, vegetation coverage, and traffic den-

sity. During heat waves, factors such as limited vegetation and 

low surface moisture have been identified as major contrib-

utors to the development of UHI. When metropolitan areas 

consistently record higher temperatures than nearby rural 

zones, the UHI effect is in full manifestation. The primary 

drivers of this phenomenon are heat absorption by urban 

structures and heat emissions generated by human activity [3]. 

A viable policy approach could involve upgrading homes 

with energy-efficient technologies, implementing heat pumps, 

and initiating early interventions before heat waves affect the 

region. Warmer temperatures may present both challenges and 

benefits in winter, particularly regarding energy consumption 

and demand. Milder winters could potentially reduce heating 

needs and help offset the high energy loads previously asso-

ciated with colder seasons [4]. Consequently, the UHI effect 

and its associated impacts are expected to intensify in the 

context of a warming climate and accelerated urbanization. 

According to data from the World Health Organization 

(WHO), half of the global population currently lives in urban 

areas, and by 2030, it is projected that 60% of the world’s 

population will reside in cities. Moreover, it is essential to 

recognize that urban thermal stress poses a serious public 

health risk. Case studies across various cities indicate that heat 

exposure, like many environmental hazards, is not evenly 

distributed among different socioeconomic groups. Urban 

areas are typically hotter than their surrounding rural coun-

terparts. For instance, in the United States, heat-related mor-

tality results in approximately 1,500 deaths per year, ex-

ceeding fatalities from other extreme weather events. Addi-

tionally, heat exposure is associated with a variety of 

non-lethal health issues, including heat stroke, dehydration, 

reduced labor productivity, and impaired learning perfor-

mance [5]. In Mexico, UHIs represent a growing concern due 

to rapid urban expansion, the decline of green spaces, and the 

proliferation of impervious surfaces such as concrete and 

asphalt. This phenomenon significantly affects public health, 

energy consumption, and air quality. These consequences 

underscore the urgent need for effective mitigation strategies, 

including urban reforestation, the promotion of sustainable 

building practices, and the use of reflective paving materials. 

The UHI effect has direct implications for public health, 

energy consumption, and environmental quality, UHI exac-

erbates heat-related health issues, increases electricity de-

mand for cooling, and contributes to the urban population’s 

vulnerability to climate change [6]. 

Therefore, the primary objective of this research is to ana-

lyze and quantify the UHI effect in Los Mochis, Sinaloa, 

Mexico. By utilizing meteorological data and conducting 

spatial analysis through Geographic Information Systems 

(GIS) technology, specifically ArcMap, the study aims to 

identify spatial temperature distributions and the intensity of 

the UHI across different seasons. This research seeks to 

generate data-driven insights that enhance the understanding 

of urban climate dynamics and to provide a robust scientific 

basis for sustainable urban planning and effective climate 

adaptation strategies. Understanding the distribution and 

intensity of the UHI is essential for developing mitigation 

policies, enabling the exploration of research questions such 

as: Which areas of the city exhibit the highest and lowest 

temperature variations? To what extent does the Urban Heat 

Island effect manifest in Los Mochis, Sinaloa, across different 

seasons? Addressing these questions will allow local gov-

ernments to implement evidence-based strategies to combat 

the UHI effect, thereby promoting urban resilience. 

2. Background 

UHIs, linked to rapid urbanization, have drawn attention to 

their role in raising temperatures in both urban and rural areas 

[7, 8]. With rapid urban expansion and ongoing infrastructure 

development, many cities are facing growing UHI-related 

environmental and social challenges [9]. Thus, understanding 

how landscape patterns influence the thermal environment is 

essential for improving urban ecological conditions [10].  

Conversely, other studies have evaluated the effectiveness 

of green spaces and commercial infrastructure in mitigating 

temperature fluctuations. This study uses ArcGIS software to 
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map data, perform spatial analysis through cloud-based 

mapping, and produce visual representations with geographic 

information systems (GIS) to promote greater insight on the 

formulation of goals and policy making for strategic man-

agement [11]. Additionally, research utilizing heat maps to 

analyze the average temperature increase due to UHI effects 

in Salt Lake City has demonstrated that extreme heat repre-

sents a serious threat and is expected to become increasingly 

frequent as climate change progresses. Neighborhoods in Salt 

Lake City located at higher elevations tend to experience 

more moderate heating effects and exhibit higher average 

household incomes [12].  

By processing high- and low-resolution satellite imagery, a 

detailed analysis of UHI intensity has been conducted, em-

phasizing the importance of remote sensing technologies in 

delineating UHI boundaries. This study aims to identify the 

areas most vulnerable to this phenomenon and examine their 

relationship with urban structural characteristics, which con-

tribute to adverse health outcomes, increased pollutant dis-

persion, and extreme temperature events, among other im-

pacts [13, 14]. Furthermore, a historical review of surface 

urban heat island studies using satellite data is also included, 

covering temporal trends, geographic scope, study periods, 

and research methods. The influence of public and private 

green spaces on surface temperature (ST) has also been ex-

amined [15, 16]. Considering that UHIs are closely linked to 

several Sustainable Development Goals (SDGs) outlined in 

the 2030 Agenda—particularly those related to climate action, 

health and well-being, and sustainable cities—this study aims 

to analyze and monitor UHIs using GIS to assess temperature 

dynamics in Los Mochis, Sinaloa, Mexico. The insights 

gained will support the development of strategies for man-

aging and mitigating their impact on the regional climate. 

3. Materials and Methods 

This research was carried out in Los Mochis, Sinaloa, 

Mexico, located within the municipality of Ahome. Accord-

ing to the Municipal Planning Institute of Ahome (IMPLAN), 

Los Mochis is situated in the northern part of Sinaloa, at 

25°47’37” N latitude and 108°59’49” W longitude, with an 

average elevation of 14 meters above sea level. 

With a population of 298,009, Los Mochis represents 64.88% 

of the municipality’s total population. The city experiences an 

arid climate, marked by high evaporation rates that create a 

warm-humid microclimate for most of the year. The study 

area, illustrated in Figure 1, includes key urban characteristics 

such as city layout, transportation routes, and urban bounda-

ries, incorporating essential geostatistical units. 

 
Figure 1. Geographic Location of the Study Area in Los Mochis. 
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The study employed a quantitative approach with an ex-

perimental design, utilizing both on-site and remote meas-

urement and analysis tools to assess the intensity of UHIs 

effect in Los Mochis. 

Monthly average temperatures were calculated and 

grouped by season: July to September (summer), October to 

December (autumn), and January to February (winter). This 

seasonal grouping enables broader temperature analysis 

beyond daily or weekly fluctuations, providing more accurate 

insights into the relationship between urbanization and the 

UHI phenomenon [17]. 

After retrieving the data stored by the meteorological 

stations and calculating monthly average temperatures, the 

information was processed using ArcMap 10.8 software. 

The projection and coordinate system corresponding to the 

study area were defined [18].  

Subsequently, the Inverse Distance Weighted (IDW) 

interpolation method was applied, using a search radius 

that included three strategically located weather stations 

within the city, as shown in Table 1. 

Table 1. Weather stations. 

Weather Station Latitude Longitude Zip Code 

ILOSMO10 25.768068 -108.99733 81293 

ILOSMO11 25.785068 -108.97755 81257 

ILOSMO12 25.795465 -109.01875 81230 

4. Results 

Temperature patterns in Los Mochis were analyzed for 

three periods: July to September 2024, October to December 

2024, and January to February 2025, using data collected 

from three monitoring stations. The results revealed predict-

able daily variations, with minimum temperatures around 

30°C in the early morning and a maximum of 40.18°C rec-

orded at midday. Slight temperature differences were ob-

served between stations, indicating the influence of urban and 

environmental factors on heat distribution (Figure 2). 

 
Figure 2. Average temperature July-September 2024. 

A typical thermal pattern emerged, with the lowest tem-

peratures occurring at dawn and a gradual increase until 

peaking between 12:00 p.m. and 2:00 p.m., followed by a 

steady decline in the evening (Figure 3). During this period, 

the minimum temperature was approximately 15°C, while the 

maximum reached 29.13°C. Compared to the warmer months 

(July–September), temperatures were significantly lower, 

reflecting the seasonal nature of the regional climate in De-

cember. 
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Figure 3. Average temperature October-December 2024. 

In contrast, Figure 4 illustrates average temperature varia-

tions in Los Mochis during January to February 2025. Daily 

average temperatures ranged from 15°C to 28.62°C, with an 

intermediate value of approximately 21–22°C sustained for 

most of the day. The temperature curve displayed a positively 

skewed distribution in the early hours, peaking in the after-

noon and symmetrically declining thereafter. The thermal 

distribution was homogeneous across all stations, with only 

minor variations between them. Compared to the Ju-

ly-September 2024 period, winter temperatures were low-

er—by about 11°C in maximum values. Furthermore, the 

narrower temperature range indicated lower thermal variabil-

ity. When compared to the October–December 2024 period, 

temperatures in January–February were slightly lower, con-

firming this as the coldest time of the year. 

 
Figure 4. Average temperature January-February 2025. 

For the geospatial analysis using ArcMap 10.2, Figure 4 presents the urban temperature map for July to September in 
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Los Mochis. A color gradient from yellow (lower tempera-

tures) to dark red (higher temperatures) was used, with values 

ranging from 37.075°C to 38.812°C. Warmer zones were 

concentrated in the northwest and western sectors of the city, 

while cooler areas were found in the southeast. Although 

temperature differences were not extreme, there was an ap-

proximate variation of 1.7°C between the warmest and coolest 

zones. 

This analysis suggests that Los Mochis experiences intense 

heat during the summer, with minor localized variations likely 

influenced by urban structure and geographic characteristics. 

 
Figure 5. Geographic Location of the average temperature in Los Mochis from July to September 2024. 

As the area around LOSMO10 station exhibits the lowest 

temperatures—due to factors such as vegetation, land use, or 

infrastructure—an analysis of accumulated rainfall during the 

same period was conducted. 

Figure 6 presents a map of accumulated precipitation from 

July to September in Los Mochis, Sinaloa. Precipitation levels 

are represented using a color gradient, with green indicating 

lower rainfall accumulation and dark blue representing higher 

levels of precipitation. Rainfall distribution across the city is 

uneven, resulting in significant variations in accumulated 

precipitation. The southwestern region (dark blue) recorded 

the highest rainfall, while the northwestern sector (green) 

experienced the lowest precipitation. 

A comparison with the temperature map (Figure 5) reveals 

that warmer areas tend to receive less rainfall, supporting the 

correlation between the urban heat island effect and reduced 

precipitation in densely urbanized regions. Areas with more 

vegetation (less urbanization) may exhibit higher rainfall 

accumulation due to increased moisture interaction with 

vegetation. Additionally, meteorological factors such as 

low-pressure systems and localized storms contribute to 

spatial variations in precipitation. 

Figure 7 highlights the highest average temperatures from 

October to December, concentrated in the central-eastern and 

northwestern areas of the city, reaching approximately 31.1°C. 

This trend is associated with increased urbanization, the 

predominance of paved surfaces and buildings, and limited 

vegetational contributing to greater heat absorption and re-

tention. 
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Figure 6. Rainfall distribution in Los Mochis from July to September 2024. 

 
Figure 7. Geographic Location of the average temperature in Los Mochis from October to December 2024. 
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In contrast, the lowest average temperatures during this 

period, around 29.9°C, are mainly found in the southwestern 

and some peripheral areas. These zones likely contain more 

vegetation, bodies of water, or lower urban density, which 

favor better heat dissipation. 

Finally, Figure 8 presents a spatial interpolation map, based 

on meteorological station data, modeling thermal variability 

in the region. It displays the average temperature from Janu-

ary to February in Los Mochis, Sinaloa, showing minimal 

variation, with values ranging from 26.19°C to 26.97°C. The 

map indicates a uniform temperature distribution during this 

period, with only slight differences between urban and pe-

ripheral zones. This type of analysis is vital for climate change 

research, urban planning, and thermal comfort assessment in 

the region. 

 
Figure 8. Geographic Location of the average temperature in Los Mochis from January to February 2025. 

5. Conclusions 

This study examined the impact of UHI in Los Mochis, 

Sinaloa, by monitoring temperatures at three meteorological 

stations across different periods of the year. Spatial data 

processing and analysis were conducted using ArcMap 10.2, 

enabling the creation of thermal distribution maps and the 

visualization of temperature variation patterns in urban areas. 

The results demonstrated the presence of UHI effect, with 

higher temperatures in urbanized areas compared to less 

developed regions. The highest temperature was recorded 

between July and September, reaching a peak of 40.18°C, 

while the maximum in January-February was 28.62°C. 

Temperature variations also fluctuated depending on the time 

of day, with the highest readings occurring around midday and 

afternoon, highlighting distinct seasonal differences. 

The study highlights the urgent need for strategies to mit-

igate the UHI effect, including the expansion of green spaces, 

the use of reflective materials in infrastructure, and the pro-

motion of sustainable urban design. These measures can help 

reduce urban overheating and improve the quality of life for 

city residents. 

Effectively addressing UHI requires a multidimensional 

approach aligned with the 2030 SDGs. Through public 

policies, sustainable technologies, and ecological urban 

planning, cities can reduce their vulnerability and move 
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toward greater climate resilience. Rising urban temperatures 

increase electricity consumption due to heightened use of air 

conditioning and ventilation systems, leading to higher 

greenhouse gas emissions. Promoting energy-efficient 

building designs and the adoption of renewable energy 

sources will help lower the carbon footprint while reducing 

health risks such as heatstroke, respiratory illnesses, and 

cardiovascular conditions. In cities with extreme tempera-

tures, heat-related mortality tends to rise, disproportionately 

affecting vulnerable populations. 

The findings of this study provide a critical foundation for 

future research in urban climatology, environmental plan-

ning, and public health policy. By offering a localized un-

derstanding of UHI dynamics, this research enables future 

scholars to: 

(1) Conduct longitudinal studies on the evolution of UHI in 

response to urban expansion or policy interventions. 

(2) Examine the socioeconomic impacts of urban thermal 

disparities. 

(3) Develop and evaluate localized mitigation strategies, 

such as green infrastructure or reflective surface tech-

nologies. 

(4) Integrate UHI data into comprehensive climate adapta-

tion frameworks. 

Ultimately, this study serves as a catalyst for interdiscipli-

nary research and policy innovation aimed at creating cli-

mate-resilient, sustainable, and livable cities. 
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