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Problem / Question 

 

Rising temperatures are a threat to human health, especially for specific 

vulnerable groups. Globally and domestically, warmer weather and unusually hot days 

are continuously increasing as (Figure 1). This kind of extreme temperatures is referred to 

as heat wave. As annual temperatures keep rising, the heat wave is silently and 

dangerously obstructing people’s lives.  

In part due to a lack of tangible and significant forecasting, extreme heat events 

may be more dangerous than other natural disasters. For instance, the Chicago Heat 

catastrophe in 1995 killed ten times more than the 1989 San Francisco Earthquake 

(Klinenberg, 2002). Additionally, literature and evidence indicate that impacts from the 

heat wave could be more severe because human health symptoms from the extreme heat 

are difficult to discern and are often casual and natural human body responses towards 

hot weather such as sweating, and rising body temperatures and heart beats (the United 

States Environmental Protection Agency, 2016).  

Statistically, physically vulnerable groups such as the elderly, children, and lower 

socioeconomic residents are more fragile to the extreme heat and experience more 

challenges of preparing for heat events. 

As an illustrator, Fred Barnard, say, “a picture is worth a thousand words” (Safire, 

1996). The objective in this paper is to find associations among the heat patterns, heat-

related illness, socioeconomic conditions, and the geography of existing emergency 

response facilities for heat-related illness using Geographic Information System (GIS) 

software. With GIS, decision makers, first responders, and the public can learn from GIS 

about heat wave and danger that climate change pose.  

 

 
Figure 1. Temperature World Wide, 1901-2015  

Source: U.S. EPA, 2016 

 

 

 

 

 

 



 

 

Sources and Process 
 

1. Annual Extreme Heat Temperatures 

 

Finding the annual temperature record required an additional effort. I had to 

contact Ph.D. Student Joshua M. Walston from Atmospheric Sciences Western Regional 

Climate Center to get a link to set up and pull out each Los Angeles area (NO AA 

Regional Climate Center, 2018). Then, transferring extracted data to Excel file and 

ArcMap software was another step to create the Los Angeles Extreme Heat Map 1 to 

Map 4. When I exported the data, spelling mistakes are critical matters. Even one single 

letter missing or mistyped causes no result or different matching results.  

Also, as the annual temperatures range shift, I must reduce numbers of classes to 

match the different periods. Depending on the annual temperature range, numbers of 

temperature classes are differentiated. Moreover, the color categories in the legend have 

to be matched and adjusted. 

Data inconsistency is another challenge. Some period of data is not available. 

Several climate stations do not have data for years 1990 and 1995. As Map 23 shows, the 

Climate Stations are not located in every region in Los Angeles. So, temperature data 

from Hawthorne are utilized for Lynwood, Compton, Gardena, Inglewood, and 

Lawndale. The accuracy of the exact temperatures is difficult to drawn. 

 

2. Heat-related Illness Data  

 

Map 5 to Map 12 are based on Heat-Related Illness data from California 

Environmental Health Tracking Program website. The hospitalization and emergency 

visit data are from the Office of Statewide Health Planning and Development (OSHPD), 

which is accountable for gathering data from hospitals in California. 

 The original data display on the website, needed to be converted to Excel files. 

The website does not provide detailed numbers of heat-related illness for individual Los 

Angeles cities. Even though I contacted Maxwell Richardson and Heather Amato from 

California Department Public Health, they could not provide any details for the Los 

Angeles region. 

 

3. Population Sensitivities and Social Vulnerabilities 

 

The United States Census Bureau website has income data and demographic 

information for Los Angeles County. However, SimplyAnalytics website already had 

shapefiles of the poverty rate, the average household income, and the vulnerable age 

groups. Map 13 to Map 16 are created based on SimplyAnalytics files. 

 

4. Emergency Response Locations 

     

The primary emergency location data are from two different websites. Los 

Angeles County Hospital locations are from the Los Angeles County Health Services 

website (DHS Health System, 2011). Los Angeles Cooling Centers are selected from a 



 

 

shapefile which contains all public facilities and buildings in Los Angeles County (Los 

Angeles County GIS Data Portal, 2016). 

 

 

Analysis 
 

1. Annual Extreme Heat Temperatures  

 

Annual average climate changes, and extreme high temperatures are indicators of 

the heat wave. Map 1 to Map 4 represent extreme heat data, highest temperature per year, 

from 1995 to 2018 in Los Angeles County, and show how more areas are increasingly 

exposed to higher annual temperatures.  

Temperatures, in general, keep increasing yearly. Santa Monica, being near the 

Pacific Ocean, reached 81 degrees in 2000 and 90 degrees in 2005. Long Beach reached 

97 degrees in 2000 and 111 degrees in 2010. Hermosa Beach and Redondo Beach 

reached 85 degrees in 2010 and 97 degrees in 2018. Areas near the ocean are 

comparatively cooler than inner areas. Inner areas like Cerritos, La Habra, Norwalk, and 

Baldwin Park had extreme temperatures that were above 115 degrees. This in comparison 

is higher than the beach areas below 95 degrees in 2018.  

Due to the temperature increases, the scale on the legend needs to be adjusted. 

Since the extreme heat occurs more frequently and the increasing temperatures impact to 

most areas in Los Angeles, the scale range in the legend is adjusted to remove the 

indicators for temperature under 80 degrees for year 2000 and for temperature under 88 

degrees in the maps of 2015 and 2018. Data after 2000 indicate that the lowest extreme 

temperature is above 88 degrees and the scale legend is modified into four categories. All 

the annual temperature data are extracted from SC ACIS Tool from NO AA Regional 

Climate Center website. 

 

2. Heat-Related Illness Data  

 

Based on expanding extreme temperatures in Los Angeles County, increasing 

emergency visits and total hospitalization associated with extreme heat are not surprising 

results. Compared to Map 5, 2005 heat-related emergency visits, more area are covered 

by higher numbers of heat-related patients on Map 6. Even though an increment is subtle, 

Riverside County had more heat illnesses in 2016 than in 2015.   

Overall hospitalization numbers are increasing over a decade. Although Fresno 

and Orange Counties in 2010 lowered the number of patients, Kern County grew a large 

number of heat-related patients. Between 2015 and 2016, the heat-related hospitalizations 

increased drastically in San Bernardino and Kern Counties. The heat-related illness data 

in California are available from California Environmental Health Agency (California 

Department of Public Health). 

 

 

 

 

 



 

 

3. Population Sensitivities and Social Vulnerabilities 

3.1 Income and Poverty 

 

 Much research data and literatures has exhibited that low-income households with 

fewer resources are less prepared to react emergency situations such as heat wave (Li et 

al., 2015; United States Environmental Protection Agency, 2016; California Department 

of Public Health). The studies show that less access to the necessary information and 

resources among the vulnerable groups can worsen abilities to respond to the heat wave. 

Appropriate and essential information and health services are crucial for safety and 

healthy environment in vulnerable communities. Map 13 represents average household 

incomes in the U.S. dollars, and Map 14 indicates poverty rates in Los Angeles County in 

2018 (SimplyAnalytics, 2018). Since the two maps carry contrary information, low-

income communities with higher poverty rates make sense and reflect both data 

reasonably. 

 

3.2 Vulnerable Age Groups 

 

Socially and economically more vulnerable groups, such as seniors older than 65 

years old and children younger than 5, have the more frequent amount of hospital visits 

which indicate their sensitivity to the extreme weather. In California, ages under four 

years had most difficulties during the heat wave in 2006 (California Department of Public 

Health). 

 

4. Emergency Response Locations 

 

 
Figure 2. Fatality by Hazard, 2006-2015 

Source: NOAA National Weather Service, 2016 

 

Many fatalities result from heat-related illness (Figure 2). Heat wave is more 

dangerous than other natural disasters because the heat-related effects are seen as natural 

body reactions to hot temperature, and not indicators of a more serious ailment; however, 

heat wave will cause premature deaths (Klinenberg, 2002; United States Environmental 

Protection Agency).  

Distance and availability of emergency response centers such as hospitals and 

cooling stations are significant factors to reduce heat-related mortalities and morbidity 

rates. Considering the population of 10 million in Los Angeles County (U.S. Census, 

2017), the number of existing cooling centers seems insufficient as Map 17 depicts.  



 

 

Current evacuation routes to the emergency centers in Los Angeles play a 

significant role since major infrastructure and transportation modes, including public 

transportation and personal owned vehicles, are heavily depended on roads and freeways. 

However, in the case of natural disasters like earthquakes, geographically closer 

emergency response stations are recommended.     

Hospitals and cooling centers are designated as primary emergency locations, but 

the number of the emergency response stations is relatively low and secondary 

evacuation stations are necessary. Educational institutions such as college and university 

sites have large properties and are well recognized to local community residents. To 

fulfill the insufficient first emergency stations, the academic-purpose buildings are 

indicated as additional evacuation centers on Map 21 and Map 22, sourced from Los 

Angeles County GIS.  

 

 

Data Combinations 
 

1. Extreme Heat Temperatures and Population Sensitivities and Social Vulnerabilities 

 

     The size of circles indicates different percentages of children between age 0 and 

5. More children of 5 years and younger live in the areas with bigger circles concentrated 

in central Los Angeles. These areas with higher youth populations indicate more 

exposure to the heat wave. The enlarging geographical boundary of the extremely high 

temperature is a climate health threat to the Age Group I (5 Years and Younger) as the 

annual temperature continually increase. 

Similar to Map 25 and Map 26, the sizes of circles in Map 27 and Map 28 

represent percentages of Age Group II (65 Years and older). Not as severe as the Age 

Group I, the senior populations are also impacted by the climate change and heat wave. 

Based on the increasing temperature data along the ocean and the tip of the southern area 

near Rancho Palos Verdes, extreme heat temperatures threaten to the health of an 

enlarging senior population. 

 As the sizes of circles enlarge, the percentage of average household incomes get 

bigger in Map 29 and Map 30. Likewise, inner regions of Los Angeles have higher 

poverty rates as well as higher extreme temperature records. Thus, geographically and 

socioeconomically more vulnerable communities are also exposed to higher health risks 

as the annual temperature gradually rises. 

  

2. Emergency Response Locations and Population Sensitivities and Social Vulnerabilities 

 

 Two Vulnerable Age Groups, I (5 Years and Younger) and II (65 Years and 

Older), have different living habitats. Group I tends to live more in the central inland 

versus Group II’s preference for the outskirts of the County. Areas with Age Group I can 

more-easily access the emergency response facilities than the Age Group II, except for 

Lancaster in the Northern East. Also, there is not an emergency facility in areas with a 

high percentage of Age Group II like Rancho Palos Verdes and Malibu. Possible 

assumptions could be geographical conditions such as expensive properties and uneven, 

hilly site conditions. 



 

 

There are insufficient emergency response facilities for both very low-income 

communities, such as Downey, Whittier, South Gate, and Commerce, and high-income 

communities like Rancho Palos Verdes, Malibu, and beach areas. Especially, more 

shortages exist in certain areas where more demands and necessities are needed.  

One approximate vulnerable area boundary is shaped like a triangle pointed at 

Downtown Los Angeles in the North, Downey in the East, and Carson in the South. More 

severe barren areas for the emergency designations are Lancaster in the Northern East 

and Malibu in the Northern West. Future emergency plans of the heat wave should 

consider how areas with low numbers of the response facilities can be threatening to the 

socioeconomic vulnerable groups. Shared common needs based on a holistic 

development should be considered when potential emergency locations are suggested.  

 

  

Conclusion 
 

As the extreme heat temperature maps and data show above, the unusual and high 

heat events are becoming more common in Los Angeles County. Socially vulnerable 

groups such as low-income communities located in the inner land, compared to affluent 

neighborhoods near the Pacific Ocean are more exposed to the heat wave.  

Even though the primary emergency stations are proportionally dispersed for the 

Age Group I (5 Years and Younger), there are not enough stations for the Age Group II 

(65 Years and Older). Elderly living in San Fernando and Lancaster areas are at high risk 

to the heat wave, but there is less access to hospitals and cooling centers in those areas.  

     More primary emergency stations are located among the vulnerable communities, 

though some low-income communities like Whittier and Downey still need more 

emergency response locations. Secondary evacuation facilities can provide as temporary 

emergency centers to fulfill the shortage, but for heat-related illness, the primary 

emergency facilities are crucial. 

     Since 10 million people live in Los Angeles, the current emergency response 

facilities are deficient. Specifically, residents in socioeconomically and regionally more 

vulnerable communities should acknowledge climate change risks and prepare for the 

annual heat wave to prevent hospitalization and emergency visits. Decision makers and 

local government agencies should establish an official heat-response strategic plan and 

put efforts to educate community residents and establish more stations. Knowing health 

risks and community vulnerabilities to the heat wave at the local level can reduce health 

hazards and prevent catastrophic climate disasters. 

 

 

Data Limitations 
 

1. Hospitalization and Mortality Rate in Los Angeles County 

 

Surprisingly, finding exact data that I desired was more difficult than I expected, 

but through the research process, various information and data inspired me to produce 

more ideas. Unfortunately, emergency visit and hospitalization data only for Los Angeles 

cannot be applied. Based on researches, hard data at local hospitals could exist, but 



 

 

possibly they were not electronically available (Klinenberg, 2002). If more time and 

research assistance are granted, more accurate and realistic maps could be generated. 

2. Disabled Population 

 

One oft-overlooked minority group is disabled residents. Disabled population data 

is not available currently. Also, more detailed information such as disabled residents by 

geography, demography, and socioeconomic factors are impossible to collect at this 

point. More effective map results can be produced if more quantities and diverse data can 

be collected for health risk prevention of disabled neighbors in Los Angeles. 

 

3. Social Interaction  

 

During a natural disaster, like heat wave or earthquakes, both social contact and 

communication by social media are essential and play a key strategy to get out of the dire 

situation immediately. If social interaction data or rates are available, emergency plans 

for setting up additional evacuation locations in the future could be strategized and 

deliberated more effectively. 



 

 

Maps 

 
Map 1. Extreme Heat, Los Angeles in 1995                                         Map 2. Extreme Heat, Los Angeles in 2000 



 

 

  
Map 3. Extreme Heat, Los Angeles in 2015                                     Map 4. Extreme Heat, Los Angeles in 2018 



 

 

 
Map 5. Heat-Related Emergency Visits, California in 2005              Map 6. Heat-Related Emergency Visits, California in 2010  



 

 

 
Map 7. Heat-Related Emergency Visits, California in 2015      Map 8. Heat-Related Emergency Visits, California in 2016 



 

 

 
Map 9. Heat-Related Hospitalization, California in 2005                  Map 10. Heat-Related Hospitalization, California in 2010 



 

 

 
Map 11. Heat-Related Hospitalization, California in 2015               Map 12. Heat-Related Hospitalization, California in 2016 



 

 

 
    Map 13. Average Household Income, Los Angeles County, 2018           Map 14. Poverty Rates (%), Los Angeles County, 2018 



 

 

 
Map 15. Vulnerable Age Group I (5 Years and Younger), Los Angeles County, 2018 (Left) 

Map 16. Vulnerable Age Group II (65 Years and Older), Los Angeles County, 2018 (Right) 



 

 

 
      Map 17. Existing Cooling Centers in Los Angeles County, 2016        Map 18. Existing Los Angeles County Hospitals, 2011 



 

 

 
Map 19. Primary Emergency Locations on Base Map          Map 20. Primary Emergency Locations on Disaster Routes 



 

 

 
Map 21. Colleges and Universities as Secondary Evacuation Locations on Base Map (Left) 

Map 22. Colleges and Universities as Secondary Evacuation Locations on Disaster Routes in 2016 (Right) 



 

 

  
                       Map 23. Climate Stations in Los Anglees                              Map 24. Climate Change Vulnerability, Los Angeles 

       Source: SC ACIS      Source: California Environmental Health 

 

 



 

 

 
Map 25 and 26. Vulnerable Age Group I (5 Years and Younger) 

Over Extreme Heat in 1995 (Left) and 2018 (Right) 



 

 

 
Map 27 and 28. Vulnerable Age Group II (65 Years and Older)  

Over Extreme Heat in 1995 (Left) and in 2018 (Right) 



 

 

 
Map 29 and 30. Income Percentage in Los Angeles County in 2018 

Over Extreme Heat in 1995 (Left) and 2018 (Right) 



 

 

 
Map 31. Emergency Response Locations and                Map 32. Emergency Response Locations and 

Vulnerable Age Groups I (5 Years and Younger)          Vulnerable Age Groups II (65 Years and Older) 



 

 

 
Map 33. Emergency Response Locations and   Map 34. Emergency Response Locations and 

Average Income in Los Angeles County, 2018    Poverty Rate in Los Angeles County, 2018 
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