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In my master study, we compiled time series of daily counts of hospitalization due to environ-
mental exposure to high ambient temperature (ICD-9-992.0-5) among residents in the Boston 
Metropolitan Statistical Area (MSA) age 65 and above. We detected the relationship between 
hospitalization and exposure indicators using generalized linear models. The analysis was con-
ducted for the whole MSA, however, the hospitalization clustered within some zip code areas, 
therefore, aggregating all the hospitalization records to the MSA level may hide some useful in-
formation. We have hospitalization records and zip code level, but we cannot extract tempera-
ture records on zip code level from the ground monitoring stations. Fortunately, remote sens-
ing data can provide the records. 

We selected four regions with highest hospitalization records as the case regions and one re-
gion with no hospitalization records as the reference region. Extracting daytime and nighttime 
temperatures for these five regions for May, June and July through 2000 to 2006 from 
MOD11C3, we found strong spatial and temporal correlations between daily temperature 
difference and hospitalization. Calculating the daily temperature difference using band math, 
and defining urban heat islands as regions with smaller temperature difference, we found the 
regions with high hospitalizations are not necessarily to be the UHIs. The landsat data are not 
adequate for analysis the correlation between temperature and hospitalization. Based on the 
temperature difference between the same day on 1990 and 2002, majority of the regions be-
came warmer within a decade. The hospitalization of each region is also correlated with its land 
use type.  

Introduction 

 The heat stroke related hospitalization of a certain region is correlated with its temperature 
difference between nighttime and daytime. 

 UHIs can be defined as regions with smaller daily temperature differences. 

 The hospitalizations in the Boston MSA are more closely correlated with the mean tempera-
tures of the four regions with high hospitalizations than the mean temperatures of the whole 
regions. 

 Majority of the regions in the Boston MSA become warmer than a decade before. 

 The hospitalization of a certain region is associated with its land use.  

hypothesis 

5) We mapped the classification results in ArcGIS based on lati-
tudes and longitudes of regions.  

Findings:  Unfortunately, we only have (1999, 2000 and 2002) 3 
years’ data around September and year 2003’s data in July to 
conduct analysis. The sample size is not adequate to conduct re-
gression analysis; moreover, it is not reasonable put tempera-
tures for different months and seasons in the same regression 
model. Therefore we cannot achieve a definitive conclusion on 
the correlation between mean temperature of the four regions 
and the hospitalization. We did change detection of tempera-
ture using year 1990 and year 2002’s data, then convert the 
difference map back to an ArcGIS map based on the latitude 
and longitude of points. As we expected, majority of the regions 
become warmer than ten years’ ago. 

4) There are in total 39 cases happened in the zip 
code areas (listed above) from 1991 to 2006. 

There were 30 cases happened before 2002001, 
say the land use types were type 13, and 9 cases 
happened after 2002001, when the land use type 
turned to be type 4. 

5) There are three special zip codes in light purple 
in the map: the hospitalization happened after 
2002001 in those regions are far more than those 
before 2002001. 

Findings: This method is quite straightforward 
and we did find the dangerous land use type 
(type 13) and safe land use type (type 4). Type 4: 
Deciduous Broad leaf forest; Type 13: Urban and 
built-up. The core difference between urban area 
and forest is still ambient temperature. The cor-
relation between land use change and hospitali-
zation can be explained: when the land are partly 
changed into forest, some people move away, 
therefore there were fewer cases after 2002. 

  

Reference 

1) The land use of 2001. The red dots are the five regions explained above. 

2) All the four regions with high hospitalizations are in land use type 13.  

 

1) This is change map of land use from 2001 to 2006. 
The grey color indicates no changes and the blue col-
or indicates the change from land use type13 to land 
use type 4. 

2) The “changing centers” are our attention centers, 
we will check the variation of hospitalization accord-
ing to time in these regions.  

3) Those circled regions are mapped in ArcGIS based 
on latitude and longitude. 

Those zip codes within which the land use type 
changed from type 13 to type 4 are: 01701, 01702, 
01746, 01756, 01757, 01760, 02019, 02030, 02035, 
02038, 02053, 02054, 02056, 02081, 02093, 02492, 
02762, 03042, 03290. They are in light yellow in the 
map.  

Analysis steps 

1) We mapped the heat stroke related hospitalizations from 1991 to 2006 in the Boston MSA on zip code. 

2) We found there were some zip code areas having more hospitalizations than their neighbors. We as-
signed number 1, 2, 3, and 4 to top four regions with high hospitalizations (case region), and assign 5 to a 
zip code area with no hospitalization (reference region).  

3)Create a vector in ENVI, which will help to resize the exact research location from a remote sensing file.  

4)The research location was extracted from the MOD11C3 file. Those five red dots are selected out by 
their latitude and longitude.  

Findings: The correlation between average temperature difference for each point and its hospitalization 
is over 90%. When excluding the reference point (Point 5), the correlation can be as high as 94%. We can 
at least get some evidences that those zip code areas with high hospitalizations do have some tempera-
ture features which differentiating them from those locations without hospitalizations: that is the great 
temperature difference between daytime and nighttime.  

The yearly hospitalizations were the records for the whole Boston MSA (Assuming all the hospitalizations 
happened on locations which have similar temperature feature as the region 1-4, so the average temper-
ature difference of these four regions can represent temperature difference of all locations with hospital-
izations.). The temporal correlation between temperature difference and hospitalization is as high as 
96%. Excluding the reference region can increase the significance of this correlation. 

1) Using band math (float(b1)-float(b2)) to calculate the temperature difference for each pixel. 

b1: the band stands for daytime temperature; b2: the band stands for nighttime temperature. 

2) We used the day’s (2003182) record as an example to conduct analysis. The brighter the image is, 
the bigger the temperature difference is.  

3)The K-Means unsupervised classification method was applied to classify the temperature difference 
into 4 groups; change threshold is 2%, with 5 iterations. 

4) Due to the spatial resolution limitation: the classification image is not clear enough. We re-map the 
classification results in ArcGIS based on latitude and longitude. 

5) This is a draft map, we want to check: a) whether the locations with high hospitalizations are in the 
same group and the reference location is in another group. b) Whether the Downtown Boston area 
having smaller temperature difference than its neighbors and can be defined as UHI. 

Findings: All the high hospitalization (case regions) regions are classified in the same group (with 
greatest temperature difference: yellow group in the map). The reference region has smaller temper-
ature difference than the case regions. Therefore we can conclude: a region with high temperature 
difference is likely to have more hospitalizations.  

The Downtown Boston area does have the smallest temperature difference comparing to other re-
gions. As is marked in red in the map, the UHI covers a very small region (circled out in the map) and 
Downtown Boston can be classified as a UHI. 

The regions with high hospitalizations are not necessarily to be the UHIs, that’s because our hospitali-
zation data only cover records of elderly populations. It is unlikely that elderly people live in the cen-
ter of city. 

1)We have data for the Jul-
ian day 2003206, which is a 
SLC-off data. So the gap fill-
ing process is needed before 
doing other analysis.  
2) Gap-filled image. 
3) We apply radiometric cor-
rection and convert Landsat 
ETM+ thermal bands DN to 
Radiance; Apply Atmospher-
ic Correction, the convert 
Radiance to Kelvin.  

4) In ENVI Classic--Basic tool-
-compute difference map: 
We set the thermal band of 
the day 19900918 as the ini-
tial status and the day 
20020908 as the final status 
to compute difference map 
of temperature. 
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