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Introduction-Urbanization

• Increases impervious area within watershed.
• Increases peak flood discharge and total 

runoff volume.
• Changes response of the watershed to 

precipitation.
• Previously measured using only annual 

maximum discharge.

Three Goals
• Devise a method for quantifying spatially 

and temporally distributed land use data, to 
determine degree of urbanization, during a 
gauge’s period of record. 

• Test for trends in annual maximum 
discharge [Q(t)] series and annual 
maximum peak discharge-precipitation ratio 
[R(t)] series.

• Develop relationship between degree of 
urbanization & presence or absence of 
significant trend in flood series.   

Case Study
• Baltimore-Washington area; 7 Maryland 

counties containing both developed and 
undeveloped watersheds.

• 17 gauges were selected.  
• Selection criteria:  

– Entire watershed contained in county 
boundaries;  

– Drainage area less than 130km2;  
– More than 25 years of record; 
– Not affected by hydraulic constraints;
– No upstream gauges selected.

Land Use Data
• Three interlinked  components

– Changes in land use, Spatial arrangement, & 
Temporal distribution.

• Spatial & Temporal info.
– GIS-linked tax map data provided current 

parcel level information like parcel area, year of 
development, and current land use. 

– Spatial Properties: Each watershed was divided 
4ths and % of urban development in each 
quarter was determined.

– Parcel Level Data: % of urban development as 
a function of lot size.

Land Use Data Cont..
• Changes in Land Use

– Land use and land cover data from the 1970s to 
present was readily available, however gauges 
were initiated in the 1920s & 1930s.

– Historic land use data obtained from large-scale 
Arial photos taken in late 1930s and early 
1950s & 1960s.

– Prior to major development mostly Agriculture; 
Urban and Forested areas identified & 
remaining areas were designated Agriculture 
use.   
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Precipitation Data

• Data obtained from National Climatic Data 
Center.

• Limited number of gauges with long term 
data, only 26 with 30 years or more.  

• Two weighted method employed 
– Prior to 8/1/1948, Average based on 2 available 

gauges.
– After 8/1/1948, a point inverse distance squared 

weighting was used.

Statistical Tests

• Find significant trends in Q(t) & R(t).
• Parametric t -test on the slope of the linear 

regression between both R(t) and Q(t) and 
time. 

• Two nonparametric tests, Kendall’s Tau and 
Spearman Rank Correlation

• Null hypothesis rejected if t-stat 
corresponded to a probability > critical level 
of significance, here is 1%.

Statistical Tests Cont...

• 10% increase in urban land use resulted in 
significant trend in R(t).
– With 7 of 11 watersheds showing significant 

trends.  
– 4 of the watersheds with greater than 10% 

should no significant trend with R(t).

• 5% decrease in forested areas resulted in 
significant trend in R(t) 
– With in 7 of 8 watersheds showing significant 

trends.

Stat Cont..
• Spatial distribution had on significant trends 

in discharge.
• Lot size distribution showed significant 

trends in R(t).
– 5% of development on 1/4 acre or less
– Significant trends in 7 of 9 watersheds. 

• Combining 10% urban increase, 5% forest 
decrease, and 5% increase in high-density 
development showed a significant trend in 
R(t) with 7 of 8 watersheds.  

Discussion
• Clear differences between R(t) and Q(t).

• For each indicator R(t) consistently had 
more significant trends than Q(t) for the 
qualifying watersheds.  

• Combining all 3 indicators
– R(t) significant trends in 15 of 17 watersheds
– Q(t) significant trends in 11 of 17 watersheds.  

Conclusion

• Strength in Methodology:  
– Ability to quantify both spatial and temporal 

aspects of urbanization. 

• R(t) series showed significant trends not 
indicated by the annual maximum discharge 
series, Q(t).  
– The Q(t) is the current flood frequency 

procedure recommendation for assessment. 
– Q(t) under predicts flood magnitudes.
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Conclusion
• Threshold values of urbanization 

corresponded with existence of significant 
trends.
– With % decrease in forested are being the most 

successful predictor. 

• Threshold measures
– Predict existence of significant trends in flood 

series.
– Predict trend in absence of actual discharge 

data.
– Helpful in projects where flood frequency 

information is needed.  

Group Discussion
• What issues could there be with using the 1930 to 

8/1/48 precipitation data?  
– Why do you think it was important to create data 

back to the 1930’s?
• Results indicated some basins had negative trends.  

– What does that mean?  What information would 
possibly help explain that trend?

• Basin 35 was not in agreement with the other basin 
results.  
– What could be the cause?

• Did you think important information was missing 
from the article?  If so, what?


