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INTRODUCTION
Severe drought conditions persisted over much of the eastern United States during the 
fall/winter of 2001 and the spring/summer of 2002.  The drought began to take hold 
during the fall of 2001 and Connecticut, Delaware, New Jersey, Virginia, and 
Massachusetts experienced the driest September to February ever recorded. By August 
2002, most of the eastern US was experiencing ‘exceptional drought’ conditions (Figure 
1).  This poster focuses on the Mid-Atlantic and utilizes the Standardized Precipitation 
Index (SPI) to document the severity and duration of this drought.  In addition, the 
causes of drought are examined through a synoptic air mass analysis.  Daily air mass data 
from the Spatial Synoptic Classification (SSC) will be used to determine the changes in 
air mass frequency associated with this drought event.  Ultimately, this analysis will help 
to put the drought of 2001/2002 into historical perspective and illuminate the causal 
mechanisms that were responsible for this drought. 

DATA &  METHODS
Two representative stations from the Mid-Atlantic region were selected for analysis: 
Philadelphia, PA (PHL) and Richmond, VA (RIC) (Figure 2).  The National Climatic 
Data Center (NCDC) provided monthly precipitation data for the climate divisions in 
which these cities are located from 1895-20002.  These data were used to generate 
monthly Standardized Precipitation Index (SPI) values. 

In this study, the weather-type variability associated with this severe drought event is 
examined using the Spatial Synoptic Classification (SSC)*.  The SSC is a hybrid 
classification scheme that is based solely on surface weather data (temperature, dew point, 
sea-level pressure, wind speed and direction, cloud cover).  Each day is classified into one 
of the following weather types: dry polar (DP), dry moderate (DM), dry tropical (DT), 
moist polar (MP), moist moderate (MM), moist tropical (MT), or transition (T).  For a 
complete discussion of the weather types and development of the SSC see Sheridan 2002.  

RESULTS &  CONCLUSIONS
Summary of the 2002 M id-Atlantic Drought

Philadelphia – Drought began to take hold in Philadelphia during the summer of 2001 (Figure 
3a). Precipitation was below normal in July-August and the dry conditions persisted through 
the fall and winter.  October 2001 (SPI = -2.01) ranks as the second driest October on record.  
The drought continued to intensify during the next 4 months and February 2002 (SPI = -2.75) 
was the driest ever experienced.  During March to June, conditions improved slightly as 
precipitation was near normal over the region.  However, this did little to erase the moisture 
deficit and in July and August conditions once again became very dry.  The lack of 
precipitation coupled with hot weather, created serious water shortages throughout the region.  
The cumulative effect of the prolonged period of below normal moisture is evident in Figure 3a 
and the cumulative SPI (a measure of drought severity) reached –7.22 in August 2002.  The 
drought had a major impact on river levels, vegetation, and agriculture (Figure 4). Drought 
conditions finally began to ease in fall and during the last four months of 2002 precipitation 
was above normal.  The wet conditions have continued into 2003, with above average snowfall 
and cool temperatures.

Figure 2.  The two Mid-Atlantic cities selected for 
analysis: Philadelphia, PA and Richmond, VA
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* I would like to thank Scott Sheridan for providing the SSC data used in this studyFigure 4.  Examples of drought impacts: a) Corn crop near Elkton, MD (August 6, 2002), and  b) Lums Pond State Park, 
New Castle County, DE (July 20, 2002)

Figure 3. Monthly and Cumulative (black line) SPI values (1997-2002) for: a) Philadelphia, and b) Richmond

Figure 5. Air mass frequency comparison for a) Philadelphia, and b) Richmond

Richmond – The drought in Richmond began in October 2000 (Figure 3b).  The SPI value was 
–3.09, making it the driest October on record since 1895.  The drought intensified through 
November, December, January and February as below normal precipitation persisted.  
Precipitation was slightly above normal during March (SPI = 0.98) and May to July 2001, but 
drier conditions returned in August and persisted through February of 2002.  In fact, between 
August 2001 and September 2002 there were only 2 (out of 14) months that had normal or 
above normal precipitation and November 2001 was the driest November on record since 
1895.  The cumulative effect of the prolonged drought is evident in Figure 3b and the 
cumulative SPI reached –13.69 in July 2002.  The impacts were much more severe in this area 
because the drought lasted longer and was more severe than in Philadelphia.  Drought 
conditions finally began to ease in the fall of 2002 thanks to a series of tropical storms in 
October (Hanna, Isidore, Kyle, and Lili) that all brought rain to the east.  The year ended with 
three consecutive wet months.

Air  Mass Analysis

For each location, two extremely dry months were selected for an in-depth analysis of the 
changes in air mass frequency associated with the drought conditions (Figure 5):

Philadelphia – In February 2002 (SPI = -2.75), there was a significant increase in DM and T, 
and a significant decrease in MM, MP, MT, and DP.  In July 2002 (SPI = -1.8), there was a 
significant increase in DT and T, and a significant decrease in MM, MP, MT, and DM.

Richmond – In February 2002 (SPI = -1.76), there was a significant increase in DM and T, 
and a significant decrease in MM, MP, MT, and DP.  In June 2002 (SPI = -1.27), there was a 
significant increase in DT and DM (T), and a significant decrease in MM, MP, MT, and DP.

Figure 1.  Drought conditions in the US as of August 20, 2002
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Figure 6.  500 mb geopotential height anomalies for: a) Oct 2001-Feb 2002, b) JJA 2002

a) b)

Figure 7.  SST Anomalies Oct 2001-Feb 2002 for: a) NH Pacific Ocean, b) Tropical Pacific

a) b)

a) b)

Possible Causes

This drought was associated with significant changes in air mass frequencies and these 
changes were caused by a change in atmospheric circulation over the region. During the 
drought:

•there was a pronounced positive 500 mb geopotential height anomaly (Figure 6) over the Mid-Atlantic 
(and this ridging was also present during the dry summer).  This suggests that the Bermuda high was 
preventing moist Gulf air masses from entering the region.  

•the PNA teleconnection pattern remained in the negative phase.  The negative phase of the PNA is 
associated with filled troughs over the Aleutian area and the southeastern United States, and a lowered 
ridge over the Rockies.  This phase produces a more zonal upper-level flow and is associated with warm 
dry conditions in the eastern US. 

•Pacific SSTs were anomalously cold in the eastern Pacific and anomalously warm in the western Pacific 
(Figure 7a).  This pattern is associated with the negative phase of the PDO.  The PDO switched to the 
negative phase in April of 2001 and remained in this phase throughout the drought.  

•Tropical Pacific SST were anomalously cold in the eastern equatorial Pacific (La Niña-like conditions) 
(Figure 7b).  

All of these factors likely played a role in the formation and maintenance of this prolonged 
drought event. 

a) b)


