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1. Introduction 

              There are results showed that the UHI enhances rainfall 

production over and downwind of the urban area. And, the 

model simulations suggested that stronger heat islands 

tended to produce more localized effects on rainfall and 

weaker heat islands affected rainfall at some distance 

downwind of the heat island.  

             Previous investigations that studied urban impacts on 

rainfall used primarily rain gauge networks, ground-based 

radar, or model simulations. Although useful, these studies 

were limited to specific cities with special observation 

networks or theoretical model simulations.  
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1. Introduction 

                Herein, a novel approach is introduced to correlate 

urbanization and rainfall modification. Satellite-based 

analysis of rainfall modification near urban areas is 

demonstrated as a viable approach to assessing this 

problem. 
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2. Research strategy  
 

 

           To investigate the capabilities of satellite-based measurements for 
identifying urban effects on rainfall, a working hypothesis was 
established. 

          FIG. 1. Theoretical coordinate system used to define upwind control, urban, and 
maximum UHI-rainfall impact area. Gray arrow depicts the mean prevailing wind 
and defines the reference axis for the coordinate system. 
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2. Research strategy 

           TABLE 1. Mean 700-hPa wind direction (May–Sep) based on NCEP–NCAR reanalysis 

geopotential height climatic dataset from 1979 to 1998. Mean altitude above sea level (m) of 

city is also given. 
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2. Research strategy 
           An analysis of a parameter called the urban rainfall 

ratio (URR) was conducted, with 

                                  URR = R i/RBG , 

   where R i represents a given mean rainfall rate at a grid point 

and RBG is the mean background value.  

            The URR is a measure of the relative magnitude of a 

given point to a background value, and values greater (less) 

than 1.0 are considered to be positive (negative) anomalies. 
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3. Data and methodology 

 

                  FIG. 2. Schematic of TRMM platform scan strategy (following National Space 
Development Agency of Japan and National Aeronautics and Space Administration 2000). 
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3. Data and methodology 

 

             FIG. 3. A diagram illustrating the number of rainfall estimates in 0.5°-resolution 
cells as a function of latitude and longitude for region A (Texas region) and region B 
(southeastern United States) for a 15-month sample period. Sample density decreases as 
latitude approaches the equator. 
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3. Data and methodology 

 

FIG. 4. TRMM algorithm flow chart FIG. 5. Mean rainfall rates at a height of 2.0 km.  
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4. Discussions and results 
 (1) Region B (southeastern United States cities)  

 

               FIG.6 . (a) A GOES IR 3.9-μm image of the Southeast. Urban heat islands for Nashville, 
Montgomery, and Atlanta are indicated as dark warm regions in the circles. (b) A contour plot 
of the 15-month, warm-season mean rainfall rates at a height of 2.0 km using 0.5°-resolution 
TRMM PR data. Values in red are greater than or equal to 4.2 mm/h. Values in blue are less 
than or equal to 3.6 mm/h. 
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4. Discussions and results 

             FIG. 7. (a) The Georgia AEMN network of rain gauge stations. The red box represents 
the inset in (b). (b) An analysis of the mean rainfall amount from May to Sep (1998–2000). 
The redder colors are values greater than 3.0 in. (maximum value: 3.71), and bluer colors 
are values less than 3.0 in. (minimum value: 2.41). The values in the black oval represent 
possible rainfall anomalies identified by TRMM in Fig. 6b (although these values are mean 
total amounts, not rainfall rate). 
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4. Discussions and results 
(2) Region A (Texas cities) 

           FIG. 8. (a) A GOES IR 3.9-μm image of Texas. Urban heat islands for Dallas, Waco, 
Austin, San Antonio, and Houston are indicated as warm, dark regions in the circles. (b) 
A contour plot of the 15-month, warm-season analysis of mean rainfall rates at a height 
of 2.0 km using the 0.5°-resolution TRMM PR data. Values in red are greater than or 
equal to 4.2mm/h. Values in blue are less than or equal to 3.6 mm/h. 
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4. Discussions and results 
       (3) General summary of results 
               

             TABLE 2. Mean rain rates (mm/h) from TRMM precipitation radar data (2.0-km height). 
The data are averaged over specified upwind, downwind, and urban area for the warm season 
(May–Sep) for 1998–2000. The percentage change from the upwind control area is given for 
the maximum impact and urban center areas.  

                Mean percentage change in maximum impact area=28.4%. 
Mean percentage change in urban center=5.8%. 
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4. Discussions and results 

           To evaluate the significance of the differences in warm-season 

rainfall rates between the upwind control area and hypothesized 

effect areas, statistical t tests were applied. It is customary to 

establish that if this probability is less than 0.05, the difference is 

significant and not caused by chance.  

a. major impact area versus upwind control, probability=0.034; 

      b. urban area versus upwind control, probability=0.805. 

       These findings suggest that differences between the MIA and the 

upwind control area are significant and likely is not due to random 

chance. 
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4. Discussions and results 

               FIG. 9.  URRs for the control coordinate system for five cities in the study. Blue 

circles are URR values in the downwind MIA. Red squares are URR values in the UCA. 

Green plus marks are URR values in minimum impact areas. Black asterisks are URR 

values over the urban area (see Fig. 1). 
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4. Discussions and results 

                 TABLE 3. Maximum 3-yr warm-season rain rate (mm/h) found in the maximum 
impact area. The table provides information on the distance from the urban center to 
the value in column 1.  

            Maximum rain-rate value is found in the maximum impact 
area at a mean distance of 39 km from the edge of the urban center 
(or 64 km from the exact center). 
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5. Summary and conclusions 

 

             FIG. 10. Summary of the downwind locations for the cities experiencing the most 
significant urban-impacted rainfall (shaded cross region) in the warm-season months. The 
arrows represent the mean prevailing wind direction at 700 hPa as determined by the NCEP–
NCAR reanalysis climatic dataset. 
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5. Summary and conclusions 

• The study establishes that a 3-yr, warm-season analysis 

of mean rainfall rates from the TRMM PR could be used 

to identify urban-induced rainfall anomalies.  

• The study demonstrated the potential capability to study 

urban rainfall modification on a global scale and over 

longer time periods. 

• Such research has implications for weather forecasting, 

urban planning, water resource management. 
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                     Thanks 
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