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Motivation 

 Changing behavior of how often it rains has 

widespread hydrologic implications 

 Much progress has been made in documenting 

observed changes in mean and extreme 

precipitation characteristics (Karl et al.,1998; Easterling et 

al., 2000; Frich et al., 2002; Kunkel et al., 2003; Groisman et al., 

2004,2005; Alexander et al., 2006; Higgins et al., 2007; Pryor et al., 

2009) 

 Station based trends have more relevance w.r.t. 

climate impact on water resources, agriculture and 

ecosystem  

 



Trend: Frequency of Annual Wet days 

36 S. C. PRYOR ET AL.

Figure 3. Linear trends in various precipitation metrics computed at the annual time scale at 643 stations across the USA, where the trend

significance and magnitude was determined using Kendall’s tau. Trends are shown for (a) 90th percentile daily precipitation (p90), (b) the sum

of precipitation accumulated during the 10 wettest days in a year (big10), (c) 95th percentile daily precipitation (p95), (d) fraction of the annual

total precipitation derived from events in excess of the 90th percentile computed for that year (fap90), (e) annual wettest pentad (wp) (5-day

period), (f) simple daily intensity (annual total/number of precipitation days) (di) and (g) number of precipitation days (nr). As in Figure 1, the

trend is expressed as a change in percent per decade, and the diameter of the symbol scales linearly with the magnitude of the trend. If the

symbol is a filled blue dot, the trend is positive; if it is a red circle, the trend is negative; if the trend is not statistically significant at the 90th

confidence level, a grey cross is shown. This figure is available in colour online at www.interscience.wiley.com/ijoc

and fap90 (120 of 643 stations), while for the other

metrics, the number of stations that exhibit signifi-

cant temporal autocorrelation is relatively small. This

indicates the ‘memory’ of the system is stronger for

the number of rainy days than for any of the extreme

metrics. A further implication is that the trend results

should not be substantially biased by temporal auto-

correlation, though they will be ‘liberal’ indicating an

excess number of rejections of the null hypothesis of

no trend (von Storch, 1999). It should be further noted

that application of the 0.05-in precipitation threshold

further decreases the number of stations that exhibit

a significant temporal autocorrelation at lag-1 for any

of the metrics considered (cf Tables I and II).

2. There is very good correspondence between stations

identified as having statistically significant trends in

the various metrics using both the Kendall’s tau and

bootstrapping trend methodology (Table I). Over 80%

of stations that are categorized as having significant

trends (of a given sign) in a specific metric by

Copyright Ó 2008 Royal Meteorological Society Int. J. Climatol. 29: 31–45 (2009)

DOI: 10.1002/joc

1895-2002 

646 stations (Pryor et al., 2009) 

1910-1995  

182 stations (Karl et al.,1998) 



Trend: Mean Consecutive Dry Days 

Alexander et al. (2006) 

• Also, station level analysis - McCabe et al (2010) for the 

Southwest   



Objectives 

 Identify historical trends in frequency of 

wet days and ‘extreme’ dry spell 

(maximum length of consecutive dry days) 

in wet and dry seasons  

 Check regional expressions of trends 

without area averaging station data 

 Capture shifts in wet and dry seasons and 

regional coherence (phenological 

implications) 

 



Data 

US Historical Climatology Network 

(USHCN) precipitation data 

Sub-select 774 stations out of 1200 

that have at least 80 years of data 

spanning ~ 1930-2009 with at least 

95% availability 

 



Station-specific precipitation 

seasons 

 How frequency and extreme dry spell 

characteristics have changed in 

(climatologically) wettest and driest seasons 

at each station 

 Wet season – climatologically wettest 91 

days period 

 Dry season – climatologically driest 91 days 

period 



Trend and significance test 

 Mann-Kendall test 

 Detect trends amidst range of inter-annual to 

decadal variability 

 Stochastic daily precipitation model (Markov 

modeling system) to generate 1000 synthetic daily 

time series of occurrence (Gianotti et al., 2012) 

 Whether observe trend falls within/outside 5-95% 

range of probability distribution of 1000 trend 

estimates derived from stochastically generated 

model data 

 

 



Trend: Frequency of Annual Wet days 



Trend: Extreme Dry Spell (annual) 



Trend: Frequency of Wet Season Wet 

Days 



Climatology: Frequency of Wet Season Wet 

Days 



Trend: Frequency of Dry Season Wet 

Days 



Climatology: Frequency of Dry Season Wet 

Days 



Trend: Extreme Wet Season Dry 

Spell 



Climatology: Extreme Wet Season Dry 

Spell 
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Fig. 2. Climatology (in days) of (a) total number of wet-season wet days (WWD), (b) total number of dry-

season wet days (DWD), (c) longest wet-season dry spell (WDS), (d) longest dry-season dry spell (DDS).  

Wet (dry) season defined as the 91-day period with the climatologically largest (smallest) number of 

precipitating events. 

 



Trend: Extreme Dry season Dry Spell 



Climatology: Extreme Dry season Dry 

Spell 



Shift in Wet Season 



Shift in Dry Season 



Summary 

 Presented trends and significance at station level  

 Station specific trends showed regional 

consistency 

 Over most stations occurrence of precipitation has 

been trending upward in wet and dry seasons with 

greater number of stations with positive trends in 

dry season  

 SE or the Atlantic Plains had negative trends in 

wet season  

 Length of dry spells has been trending downward 

in wet season (except Atlantic Plains) 

 Wet/dry seasonal shifts were significant for various 

regions important for the important river basins 
 



Thank you 


