	STATE ENVIRONMENTAL HEALTH INDICATORS COLLABORATIVE (SEHIC) CLIMATE CHANGE INDICATORS
Category: 
Environmental Indicators

Indicator: 
Maximum, Minimum, and Diurnal Temperature
Measure(s):  
1) Maximum Temperature 

2) Minimum Temperature

3) Diurnal Temperature Range

	Measure Description

	

	Last updated:
	August 1, 2011

	Time Scale
	Temperatures: Daily, Weekly, Monthly, Seasonally
Diurnal Temperature Rage: Daily, Weekly

	Unit
	Degrees F 

	Geographic Scope
	State and multi-state

	Geographic Scale
	Where monitors exist 

	Background and Significance
	Heat extremes can influence the economic, agricultural, manufacturing, energy and infrastructure costs, as well as increase morbidity and mortality. In the United States, there are, on average, 400 deaths directly related to excessive heat1. The true magnitude of temperature-related mortality could be even higher, since the primary cause of extreme heat related deaths is not consistently captured on the death certificate1,10,11. It is known that infants, children under 1 year of age, and the elderly are considered at higher risk of mortality due to elevated ambient temperatures1,12,13. 
Statistically significant increases in cardiovascular and respiratory mortality have been associated with extreme heat5,3. Daily maximum and minimum temperatures have been used to evaluate the temperature-mortality relationship18.In the Ramon et al. study of 50 U.S. cities, extreme heat increased mortality 5.74% from 1989 to 20002. Daily maximum temperature was used to define extreme heat; those days with a maximum temperature that exceeded the 99th percentile were considered extremely hot2. Another study by Lin et al. showed that for each degree above a pre-calculated temperature-health-effect threshold there was a 2.7%-3.1% increase in respiratory hospitalizations, and an increase of 1.4%-3.6% in cardiovascular hospitalizations6. Aside from extreme temperatures, variations in sub-maximum temperature changes have been associated with other increases in morbidity and mortality rates7,8 and with periods of at least 3 consecutive days of elevated temperature and humidity9. Based on these reported findings, diurnal temperature ranges can be used to assess consecutive days of elevated temperature, as well as determine variation in temperature18.  Air temperature alone is not a sufficient indicator of heat stress18. 
It has been estimated that over the past century, the overall global surface temperature has increased by 0.7–1.4°F17. Climate change is expected to have an impact on the occurrence of extreme temperature days and weather patterns. It is predicted that, in the future, climate change will increase the number of extremely hot days, and decrease the number of extremely cold days8. As the U.S. becomes more urbanized, and the elderly population continues to increase16, it is likely that heat-related morbidity and mortality will become an even larger public health concern than it is today. However, it is also anticipated that a series of technologic, infrastructural, and behavioral strategies could be implemented to mitigate the adverse consequences of ever-increasing heat on morbidity and mortality8. These indicators may help us monitor trends in temperatures. This type of analysis could produce results that could be useful in the evaluation of public health policies and related intervention efforts. 

	Rationale
	Diurnal temperature range is defined as the difference between daytime maximum and nighttime minimum temperature. On a weekly scale it is calculated as the different between that week’s maximum and minimum values. This measure will help monitor variation, and may more accurately identify unrelenting excessive heat, which is related to several adverse public health complications. Current predictions are that increasing ambient and apparent temperatures will create a growing public health concern.  Minimum and maximum temperatures will capture temperature extremes. Thus, a maximum-minimum temperature indicator can be used as a precursor to the near-term occurrence of a heat hazard, and its associated public health consequences, which have been identified as increases in morbidity and mortality.  The future linking of this proposed hazard heat indicator to adverse health outcomes may offer further benefits and insights.  

Because there is no widely accepted standard for assessing elevated ambient or apparent temperature, this temperature indicator will provide an easy to understand hazard measure of extreme heat.  Maximum and minimum temperature values will be more sensitive in detecting temperature extremes than the information that can be extracted from average temperature19. 
Daily temperature readings from weather monitoring stations are readily available and can be used to evaluate trends in temperature that occur temporally and spatially. Tracking these measures may help us to better understand evolving extreme temperature changes that can occur in the future, as a concomitant climate change event.

	Limitations of Measure
	One limitation of this temperature extreme indicator is that it does not include other known changes in criteria air pollutants, such as ozone or fine particulate matter.  For this reason, this extreme temperature indicator will necessarily underestimate the additional contribution of air pollution on respiratory or cardiovascular chronic diseases due to extreme heat events.

In addition, this extreme heat indicator alone can not adequately measure extreme heat exposure because indoor temperature can be influenced by air conditioning, activity patterns, and other factors which are difficult to quantify.
Finally, a third limitation is that this indicator does not define what is considered an extreme temperature, a heat wave, or a heat hazard. 

	Data Source
	 NOAA- individual station data

	Limitations of Data Source
	Monitors are available in some, but not all, locations in the U.S.  Temperature monitors are usually placed in population centers or nearby airports.  Thus, it will be difficult to capture variations in temperature extremes or changes in the heat index in places that do not have temperature monitors.  Even though some small airports next to less densely populated cities do have temperature monitors, there a far more temperature monitors in large cities.  This will present a bias in the temperature extreme data that may require correction by also using modeled temperature predictions.
Another limitation is that, because of equipment failure, there can be missing temperature readings even where there are temperature monitors.  Additionally, there could be time lag between when data are recorded and when they become available for others to analyze. Comparative climatic data are often released 4-6 months following the end of each year, and individual station data are made available approximately 2-3 months after they are recorded. 
Descriptive statistical analyses of minimum and maximum temperature values and the diurnal temperature range may be acceptable at the beginning.  But, in the future it may be necessary to use more advanced statistical methods to analyze the three proposed measures.

	Related Datasets
	ED data, Hospitalization data (NHDS), Vital Records (death records), Air quality data (e.g. ozone, particulate matter)

	Additional Data Elements
	month of year

	Recommendations
	1. Since maximum temperature should be higher than minimum temperature for any given day, check and flag all negative values of Diurnal Temperature Range (DTR).
2. Check for outliers of both maximum and minimum temperature as well as outliers in DTR. An outlier as more than 4 standard deviations of the indicator.  
3. Check the amount of missing data over time. Stations with more than 10% missing data may need to be excluded during analysis.
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How-To-Guide – Maximum and Minimum Temperature/Heat Index

1. Daily Maximum and Minimum Temperature:
a. From the NCDC NOAA individual station data available through NCDC or at http://cdo.ncdc.noaa.gov/pls/plclimprod/poemain.accessrouter?datasetabbv=SOD&countryabbv=&georegionabbv=NAMER obtain the data from all stations located within your state.
· Choose the “Continue With ADVANCED Options” button

On the next screen, under “Retrieve data by:”
· Select the bubble to select “State/Territory”, and choose your state from this list

· Pick the bubble for “Specific Station(s)”

All other bubbles should be blank. Under “Send output to:”

· Choose the bubble for “File (user selects elements)”

· Press continue

Proceed to the next screen:

· Capture the first 100 stations in your state, or all stations if there are <100, (there is a limit of 100).
· Press continue

Continue to the next screen:

· Choose your “Date Range” on the right hand side

· Select your “Output Format”

· From the “Select Meteorological Element(s)” menu on the left choose your elements of interest. Be sure to include:
· Daily Maximum Temperature (TMAX)

· Daily Minimum Temperature (TMIN)

On the next screen:

· Review the inventory file and give your email 

· Submit request

If you have more than 100 monitors in your state, repeat this process for the remaining monitors.

b. From the compiled station data, produce a table that stratifies the maximum and minimum temperature by date. 

2. Weekly Maximum and Minimum Temperature:
a. Use the data obtained in number 1, above. There is no week variable present, so the date of observation must be used to derive the number of week. 

b. Produce a table that stratifies maximum and minimum temperature by week. The result should be only two temperature readings (the highest and lowest) per week. 
3. Monthly Maximum and Minimum Temperature:
a. Use the data obtained in number 1, above. 

b. Produce a table that stratifies maximum and minimum temperature by month. You may need to use the date to derive the month. The result should be only two temperature readings (the highest and lowest) per month.

4. Seasonal Maximum and Minimum Temperature:
a. Use the data obtained in number 1, above. 

b. Produce a table that stratifies maximum and minimum temperature by season. Seasons will be defined as below based on the dates of the northern hemisphere equinoxes and solstices. 

· Spring- March 20th-June 20st
· Summer- June 21st-September 22nd
· Fall- September 23rd- December 20th
· Winter- December 21st- March 19th

 The results should include two temperature readings (the highest and lowest) per season.
5. Diurnal Temperature Range:
a. Use the daily max and min values to calculate the daily diurnal temperature range.
b. Use the weekly max and min values to calculate the weekly temperature range.
