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Summary and Future Work
 Baltimore’s UHI is apparent in air and land surface temperature data.
 Areas  with more and healthier vegetation have lower LST and those with urbanized surfaces 

have higher LSTs.
 Neighborhoods with higher population density have higher average LSTs.
 Neighborhoods with lower median household incomes have higher average LSTs.
 Neighborhoods with higher percentages of elderly population have lower average LSTs.  This 

analysis should be performed again at the census tract level.  Comparing the LST in Fig. 4 and 
the percent elderly in Fig. 5 suggests that this relationship may change if examined at a 
smaller spatial scale.

 Remove water surfaces from the analysis and rerun the NDVI-LST correlation.
 Correlate LST with additional land cover indices.
 Construct a vulnerability model using LST to represent risk and socioeconomic variables to 

represent exposure.

Socioeconomic Vulnerability

Land Cover Indices and Land Surface Temperature

Air Temperature

Table 1. Results of the Mann-Whitney U test.

Mann-Whitney U Wilcoxon W p-value

Baltimore vs
Rural

11 1,841 <0.001

Summer mean temperatures were, on average, 3.21 C° warmer at the Baltimore station than at the rural 
stations (Fig. 3).  The differences between the Baltimore station and the rural stations ranged between 2.81 C°
in 2001 and 2003 and 4.66 C° in 2007.   A Mann-Whitney U test confirms that the mean temperatures at the 
urban station were significantly higher than those at the rural stations (Table 1).  Max and min temperatures at 
the urban station also were significantly higher than those at the rural stations (not shown).   

Table 3. Emissivity reclassification scheme from [2].

NDVI (if) Emissivity (then)

NDVI < –0.185 0.995

–0.185 ≤ NDVI < 0.157 0.970

0.157 ≤ NDVI ≤ 0.727 1.0094×0.047ln(NDVI)

NDVI > 0.727 0.990

Table 5. Correlation coefficients. 

LST (°C) Pop Den Pop 65+ (%) Pop <5 (%) Median Income ($)

LST (°C) 1

Pop Den ***0.73 1

Pop 65+ (%) **-0.31 *-0.26 1

Pop <5 (%) -0.01 *-0.24 -0.06 1

Median Income ($) **-0.43 *-0.24 0.15 ***-0.47 1

*significant at α=0.1; **significant at α=0.05; ***significant at α=0.01.

Table 4. Correlation coefficients.

LST NDVI NDBI

LST (°C) 1

NDVI ***-0.17 1

NDBI ***0.76 ***-0.34 1

***significant at α=0.001

Download Landsat 5 image 
from 20 September 2010 from 
http://earthexplorer.usgs.gov/

Compute NDVI
using the equation 

in Table 2

Reclassify to 
emissivity estimates 
according to Table 3

Compute land surface 
temperature with the 

Thermal function in Idrisi
TerrSet

Convert to z-scores

Compute NDBI
using the equation 

in Table 2

Correlate with the 
Band Collection 
tool in ArcMap

The normalized LST map (Fig. 4) illustrates Baltimore’s surface UHI, and corroborates the air temperature data.  
These data also capture spatial variability that is missed in the air temperature data.  Areas that are dominated 
by urban surfaces with little vegetation, as shown in the NDVI and NDBI maps (Fig. 4), have higher than average 
temperatures whereas those that are heavily vegetated or water tend to be cooler than average.  Although 
both the NDVI and NDBI indices are significantly correlated with land surface temperature, the magnitude of 
the correlation between LST and NDBI is notably greater (Table 4). 

I

Air Temperature Download monthly max, mean, and min 
temperatures from USHCN 

(http://cdiac.ornl.gov/epubs/ndp/ushcn/u
shcn.html) 

Average JUN, JUL, and AUG to develop 
summer averages

Baltimore represents 
the urban temperature

Other 4 stations were 
averaged into a 

rural/background 
temperature

Plot the time series to visualize the 
urban/rural difference

Statistically assess the urban/rural 
temperature differenceFig. 2. Locations of the 5 stations used in the air temperature analysis.
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Course and Problem Overview

Stanley Changnon [1, 915] defined Applied Climatology as the field that describes, defines, 
interprets, and explains the relationships between climate conditions and weather-sensitive 
activities, and, furthermore, organized work in the filed into one of the following areas:

1. Design of structures and planning of activities;
2. Assessment of current and future conditions, including  the evaluation of 

extreme events;
3. Study of the relationships between climate conditions and those in other 

physical and socioeconomic systems;
4. Operation of weather-sensitive systems that employ climatic information in 

decision making.

At Towson University, Applied Climatology is a problem-based learning course that is offered 
once every two academic years to upper-level undergraduates and graduates.  In this course, 
students apply climatological and geospatial data to various problems.  The first topic (problem) 
presented to the students (Fig. 1) this semester was Baltimore, Maryland’s urban heat island 
(UHI).  It was presented to the students on the first day of class, and they had three class periods 
to organize themselves into working groups and to define the scope of their project so that it 
fulfills one or more of Changnon’s [1] four areas of Applied Climatology.  

The students organized themselves into three working groups:
1. Working group 1 focused on providing evidence of Baltimore’s UHI (Area 1).  

They collected and analyzed air temperature and land surface temperature 
data, and created graphics to summarize their results.

2. Working group 2 focused on land surface-related drivers of Baltimore’s UHI 
(Area 3).  They derived land surface indices and analyzed the relationship 
between them and land surface temperature.

3. Working group 3 focused on the socioeconomic vulnerability to Baltimore’s UHI 
(Area 3).  They collected and mapped socioeconomic variables and analyzed the 
relationship between them and land surface temperature.

The work completed by the students thus far is presented in this poster.
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Fig. 1. Students in Applied Climatology.

Table 2. NDVI and NDBI equations for Landsat 5 TM.

Index Equation

NDVI (band 4 – band 3) / (band 4 + band 3)

NDBI (band 5 – band 4) / (band 5 + band 4)

Fig. 4. LST z-score, NDVI, and NDBI derived from the Landsat 5 TM image captured on 20 September 2010.  The images 
are clipped to the boundary of Baltimore City.

Fig. 5 shows the spatial associations between various socioeconomic variables and average LST of 
Baltimore neighborhoods, and Table 5 provides the correlation coefficients.  Neighborhoods with 
denser populations tended to have higher average LSTs.  Neighborhoods with higher percentages 
of elderly and young tended to have lower average LSTs.  Neighborhoods with lower median 
household incomes tended to have higher average LSTs.

Fig. 5. Spatial distribution 
of average LST and 
multiple socioeconomic 
variables.  Fifty-five 
(n=55) of Baltimore’s 
neighborhoods are 
shown.  Socioeconomic 
data were obtained from 
the 2010 U.S. Census.

Fig. 3. Summer mean temperature at the urban station and the rural stations.
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Download and plot 
socioeconomic variables 

for Baltimore 
neighborhoods from 

http://www.census.gov/
data.html

Derive average 
LST for 

Baltimore 
neighborhoods 

from the LST 
raster

Extract and 
correlate each 
variable using 
the Pearson’s r

technique


