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ABSTRACT 
Identify the variability over the long run for a series of hydrologic cycle is very significant 
and serious issue. Present study describes the patterns of Streamflow of American river 
basin, American river basin is the large striver in California, United States of America. The 
Z-score technique is applied to seasonal average, minimum and maximum streamflow data 
for 2 selected stations in the American river basin, which enables us to explore the dry 
(wet) pattern over the catchment. The Z-score technique is used to find out the year in 
which trends start (end). Based on the test’s procedures, spring streamflow trend is 
increasing more rapidly from 1995-2012 than 1970-1994 due to decrease of the frequency 
of dry year conditions. Increasing trends in spring and summer streamflow may be due to 
melting glaciers over Sierra Nevada. Autumn and winter contribute 70% of annual average 
precipitation of the state and about half of the both seasons precipitation contributes in 
spring and summer.  The results are helpful to water resources authorities and 
policymakers. 
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INTRODUCTION 

 

 The concentrations of greenhouse gases and their impacts on the climate are responsible for the change in 

global temperatures. Most of the projected climate model simulations concluded that the temperature over 

California, United States of America raises (Cayan, D., 2012). California experiences Mediterranean climate 

associated with Pacific Ocean. In California, the average annual air temperatures have raised upto 1.5 
o
F since 

the last decade of the 20
th

 century. Much of the state gets water from the snowpack on the Sierra Nevada. Due to 

increasing global temperature glaciers over Sierra Nevada have decreased since the 20
th

 century (Kadir, T., 

2013).California recieves its most of the precipitations in winter season. Streamflow from the high peaks used 

for the production of hydro-electric power which consists of 15% of the in-state electricity production. La-Nina 

associated with drier conditions for southern California and other climate drivers association is remain the 

subject of ongoing research (Department of water resources California 2012). Historically, California 

experienced severe droughts in late 1920’s, 1970’s and 1980’s but recent (2007-2009) drought is less severe 

(Christian, J.S., 2011). The purpose of the study is to investigate the seasonal trends in streamflow over the 

American River Catchment (ARC), California, USA from 1970 to 2012. 

 

Geography and Hydrologic Pattern: 

 The American river catchment (ARC) is the second largest tributary of Sacramento River catchment (SRC). 

It begins to drain from the elevation up to 3170 m, on the northern Sierra Nevada, southwest ward to the SRC 

(Fig. 1). ARC covers an area of 4900 km
2
 and divided into two catchments.ARC water not only used for 

drinking purposes but also use for hydro-electricity power generation, recreational parks and agriculture farms. 

The upper catchment comprises on three sub-catchments, North, Middle, and South, are called the Forks while 

the lower catchment (basin) is relatively flat (alluvial plain).Precipitation over the upper catchment is mostly 

associated with rain bearing westerlies. These westerlies enable high peak floods that occur throughout the year. 

Upper and lower catchments receive 889 mm and 584.2 mm average annual rainfall respectively. Average 

annual Streamflow (1970-2012) over ARC is highly variable and shows decreasing trend (Fig. 2). Most of the 

decreasing trend in ARC streamflow is observed in winter (January-March)(Fig. 3) while comparatively, 

autumn (October-December) streamflow (Fig. 4) is less decreasing than winter (January-March). Spring (April-
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June)and summer (July-September) show increasing trend (Fig.5 and 6) while streamflow trend in summer 

(July-September) is relatively less than observed in spring (April-June) streamflow. The purpose of the study is 

to investigate the seasonal trends in streamflow over the American River Catchment (ARC), California, USA 

from 1970-2012. 

 

 
 

Fig. 1: Show geographical boundaries of American River Catchment (ARC). 

 

 
 

Fig. 2: Show annual average streamflow (mm) in American River Catchment (1970-2012). 

 

 
 

Fig. 3: Show average winter (JFM)streamflow (mm) in American River Catchment (1970-2012). 

 

Data and Method: 

 Analysis is performed for the normal period 1970-2012. Monthly streamflow observation data (1956-2012), 

for the lower ARC from the station Sacramento County (38°38'08"
o
S, 121°13'36"

o
E NAD27, California) and the 

station Placer County (38°56'10"
o
S, 121°01'22"

o
E, California) for the upper catchment, obtained from United 

States Geological Survey (USGS). The station at Sacramento County and the Placer County cover 1888 and 342 

square miles areas respectively. These stations are located within the ARC. Monthly mean discharge data was in 

cubic feet per second (ft
3
/s), when it was obtained, it transformed to feet per second (ft/s) by dividing the 

catchment area for the station and then it converted into millimeter per month by usual calculations. Thus the 

average streamflow of the two stations is representative for the ARC at California, America. Representative 
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index of winter (Jan-Mar) streamflow is constructed by averaging the representative index of the ARC months 

from January to March and in the same way, spring (April-June), summer (July-September) and autumn 

(October-December) are constructed. These streamflow indices are the representatives for the ARC seasonal 

streamflow. This study demonstrates seasonal streamflow trends by using standardized technique. Each 

streamflow season is defined as dry (d) or wet (w), using standardized seasonal streamflow data as follows: 

 

𝑍 =
y𝑖−y 

𝜎
              (1) 

 
Fig. 4: Show average autumn (OND) streamflow (mm) in American River Catchment (1970-2012). 

 

 
 

Fig. 5: Show average spring (AMJ) streamflow (mm) in American River Catchment (1970-2012). 

 

 
Fig. 6: Show average summer (JAS) streamflow (mm) in American River Catchment (1970-2012). 

 

 Where, each yi is the seasonal streamflow in the yeari, y   is the average seasonal streamflow and σ is the 

monthly standard deviation.  

For each station, each season is defined as: 

Extremely wet (ew) 1.5 < 𝑍 

Wet (wet) when0.5 < 𝑍 ≤ 1.5 
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Normal (n) when−0.5 < 𝑍 ≤ 0.5 

Dry (d) when−1.5 < 𝑍 ≤ −0.5 

Extremely dry (ed)whenZ ≤ −1.5 

 This technique is also applied by [5]. A year is considered as dry (wet) if at least two seasons showed a 

condition(s) of dry (wet) out of the four seasons under study. This technique is very simple and useful for 

finding rainfall or streamflow trends.  

 

RESULTS AND DISCUSSION 

 

 In the light of the above mentioned methodology, the observed results for ARC seasonal trends are 

discussed in this section. Average annual streamflow over ARC bears less declining trend and it shows highly 

variable (Fig. 2) while situation in seasonal streamflow varies from season to season. Average annual winter 

Streamflow  (JFM) over ARC is remained 101.4 mm, this shows streamflow over ARC is winter (JFM) 

dominating, but most of the declining trend observed in winter (JFM) with value –0.76 (1970-2012). Autumn 

(OND) streamflow also shows decreasing trend with slop -0.26 while streamflow in spring (AMJ) and Summer 

(JAS) show increasing trend (1970-2012).Average annual autumn (OND) Streamflow remains 38.1 mm which 

is lower streamflow than other seasons of ARC (1970-2012).In spring, frequency of wet years (Table 2) is 

higher than the others seasons due to this streamflow shows increasing trend with value 0.61 is observed, also 

after 1994 (Table 1) frequency of dry years is 5 out of 18 years. All the seasons of ARC in this study have 

shown that the streamflow is highly variable (Table 1) from (1970-2012) due to the normal distributions of the 

dry years. In winter, consecutive occurrence of dry streamflow conditions are observed many times (Table 1) 

throughout 1970-2012 due to this a -0.61 trend is observed. In autumn, from 1972-1994(Table 1), consecutive 

occurrence of dry streamflow conditions (12 out of 15 dry years) are responsible for the negative (-0.26) 

trend.ARC average annual Streamflow experienced 18 years out of 43 (Table 1) asremained under dry 

conditions throughout 1970-2012 due to this annual streamflow shows decreasing trend. 

 
Table 1: Shows comparison among extremely wet (em), wet (w), normal (n), dry (d) and extremely dry (ed) seasonal conditions with years 

(1970-2012). Dry years and dry seasonal conditions are showed in bold face. 

Time Winter (JFM) Spring (AMJ) Summer (JAS) Autumn (OND) 

1970 w d n w 

1971 n n w n 

1972 n d n D 

1973 n n n W 

1974 w w w N 

1975 n w n N 

1976 d d d D 

1977 d d ed D 

1978 n n n D 

1979 n n n N 

1980 ew n n D 

1981 d d d Ew 

1982 w ew w Ew 

1983 ew ew ew Ew 

1984 n n n N 

1985 d d d N 

1986 ew n n D 

1987 d d d D 

1988 d d d D 

1989 n n n N 

1990 d d n D 

1991 d d n D 

1992 d d d D 

1993 n n w N 

1994 d d d D 

1995 ew ew ew N 

1996 w w n Ew 

1997 ew d d N 

1998 w w ew N 

1999 w n n N 

2000 n n d N 

2001 d d d N 

2002 d n d N 

2003 d n n N 

2004 n d d N 

2005 n w n W 

2006 w ew n N 

2007 d d n D 
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2008 d d d D 

2009 d n n D 

2010 d n n Ew 

2011 n ew ew N 

2012 d n n W 

 

Table 2: Shows numbers of years observed as extremely dry, dry, normal, wet and extremely wet seasonal conditions (1970-2012).    

Conditions Winter (JFM) Spring (AMJ) Summer (JAS) Autumn(OND) 

Extremely dry 0 0 1 0 

dry 18 17 13 15 

Normal 13 16 21 19 

Wet 7 5 4 4 

Extremely wet 5 5 4 5 

 

Conclusions: 

 Results suggested that ARC streamflow is winter (JFM) dominating but most of the decreasing trend is 

observed in winter 1970-2012. The occurrence of consecutive dry years many times throughout the era (1970-

2012) caused the decline in winter and autumn streamflow. Spring streamflow trend is increasing more rapidly 

from 1995-2012 than 1970-1994 due to decrease of the frequency of dry year conditions. Increasing trends in 

spring and summer streamflow may be due to melting glaciers over Sierra Nevada. It is known that Autumn 

(OND) and winter (JFM) contribute 70% of annual average precipitation of the state and about half of the both 

seasons precipitation contributes in spring (AMJ) and summer (JAS). Decreasing trends in autumn and winter 

precipitation couple with increasing trend in temperature may cause water shortage in future for California also 

this situation is noticeable for water managers authorities of California, America.  
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