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Long-Term-Trend Stations

The network of long-term-trend 
stations in Hawaii consists of 16 active 
stations; seven of the 16 active stations 
have sufficient data for analysis of trends 
during 1913–2002, 14 have sufficient 
data during 1953–2002, and 16 have 
sufficient data during 1973–2002.  In 
Hawaii, a total of 20 stream-gaging sta-
tions (four on Kauai, five on Oahu, two 
on Molokai, five on Maui, and four on 
the island of Hawaii) were identified as 
long-term-trend stations using two crite-
ria: (1) drainage basins upstream of the 
stations were free of artificial changes, 
and (2) stations were located in a variety 
of settings with different physical and 
climatological characteristics (Fontaine, 
1996).  Only 16 (four on Kauai, five on 
Oahu, one on Molokai, four on Maui, and 
two on the island of Hawaii) of the 20 
stations are currently (2004) active.   

Data and Methods

Daily mean discharge data collected 

by the U.S. Geological Survey at seven 

long-term-trend stations were used to 

evaluate trends in annual flow character-

istics in Hawaii from 1913 to 2002.  Only 

water years with complete data were 

considered.  Annual total streamflow 

and estimated base flow were computed 

for each water year.  Total streamflow 

includes both base flow and direct runoff 

associated with storms.  Base flow, which 

is maintained by ground-water discharge 

to streams, represents the sustained low 

flow of streams during periods of no rain-

fall.  Base flow can be estimated from the 

total-streamflow record using computer-

ized base-flow separation methods (see 

for example Oki, 2003).  

Rainfall controls both total flow and 

base flow in streams.  Rainfall data 

through 1986 were obtained from the 

Hawaii Commission on Water Resource 

Management (CWRM), and these data 

were updated through 2001 using data 

from the National Climatic Data 

Center (2002).  Data from 70 rain-gaging 

stations were used to evaluate trends in 

annual rainfall from 1913 to 2001.  

Annual flows and annual rainfall were 

statistically analyzed for long-term trends 

using the Mann-Kendall test (Hirsch 

and Slack, 1984) that was modified to 

account for 1-year serial correlation (Oki, 

in press).  The Kendall-Theil robust line 

(Helsel and Hirsch, 1992) was used to 

estimate the slope of linear trends in 

annual flows and rainfall.  For this study, 

a 5-percent level of significance was 

selected to indicate the presence of statis-

tically significant trends.

The surface-water resources 
of Hawaii have significant 
cultural, aesthetic, ecologic, 
and economic importance.  In 
Hawaii, surface-water resources 
are developed for both offstream 
uses (for example, drinking 
water, agriculture, and indus-
trial uses) and instream uses 
(for example, maintenance of 
habitat and ecosystems, recre-
ational activities, aesthetic val-
ues, maintenance of water qual-
ity, conveyance of irrigation and 
domestic water supplies, and 
protection of traditional and 
customary Hawaiian rights). 
Possible long-term trends in 
streamflow characteristics 
have important implications for 
water users, water suppliers, 
resource managers, and citizens 
in the State.  

Proper management of 
Hawaii’s streams requires an 
understanding of long-term 
trends in streamflow character-
istics and their potential impli-
cations.  Effects of long-term 
downward trends in low flows in 
streams include potential loss of 
habitat for native stream fauna 
and reduced water availabil-
ity for offstream and instream 
water uses.  Effects of long-term 
upward trends in high flows in 
streams include construction of 
bridges and water-conveyance 
structures that are potentially 
unsafe if they are not designed 
with proper consideration of 
trends in high flows.

The U.S. Geological Survey has collected high-
quality data from continuous-record stream-gaging 
stations since the early part of the 20th century in 
Hawaii.  Long-term data collection is essential for 
the understanding and management of surface-
water resources of the State.  In Hawaii, coopera-
tive funding for the U.S. Geological Survey network 
of surface-water stations currently is being provided 
by the State Commission on Water Resource Man-
agement, State Department of Transportation, U.S. 
Army Corps of Engineers, Honolulu Board of Water 
Supply, Maui and Hawaii County Departments of 
Water Supply, and others.
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Annual base and total flows at seven long-term stations were analyzed for trends during 1913–2002.  The records for 

all seven stations were complete for at least 80 percent of the years during 1913–2002.  Analysis of trends in base flow 

(ground-water discharge to streams) provides insight related to changes in ground-water storage, whereas analysis of 

trends in total flow (base flow plus direct runoff) provides insight related to changes in actual flow in the stream as well as 

changes in high flow.  

Statistically significant downward trends in annual base flow during 1913–2002 were detected at all seven stations.  

Long-term downward trends in base flow are consistent with long-term downward trends in rainfall over much of the 

State during this period.  Thus, the downward trends in base flow at the long-term-trend stations may be representative of 

many other streams throughout the State as well.  For more recent periods, such as 1953–2002 and 1973–2002, significant 

trends in base flow generally were not detected at the long-term-trend stations (Oki, in press).  For the period 1953–2002, 

a significant downward trend in base flow was detected at only one of 14 long-term-trend stations (16400000 on Molokai), 

and for the period 1973–2002, a significant downward trend was detected at only one of 16 stations (16019000 on Kauai).  

Detection of trends in base flow may be highly dependent on the period being considered.  The downward trends detected 

during 1913–2002 may reflect higher than average base flows prior to the 1940s, followed by a period after the 1940s dur-

ing which base flows did not trend significantly upward or downward.  

A statistically significant downward trend in annual total streamflow (base flow plus direct runoff) during 1913–2002 

was detected at only one of the seven long-term-trend stations (16229000 on Oahu).  For more recent periods, such as 

1953–2002 and 1973–2002, significant trends in total streamflow generally were not detected at the long-term-trend sta-

tions (Oki, in press).  For the period 1953–2002, a significant downward trend in total streamflow was detected at only one 

of 14 long-term-trend stations (16211600 on Oahu), and for the period 1973–2002, no significant trends in total stream-

flow were detected at 16 long-term-trend stations.  

For the statistical trend test used in this study, a 5-percent level of significance was selected.  The 5-percent level of 

significance indicates that a 5-percent chance for error exists in concluding that a trend is statistically significant when in 

fact no trend exists.   

Additional information on trends and variations in streamflow in Hawaii and regional factors (including El-Niño) that 

are related to the observed trends and variations is available in the U.S. Geological Survey publication, “Trends in  

Streamflow Characteristics at Long-Term Gaging Stations, Hawaii”, by Delwyn S. Oki (see reference list for complete cita-

tion).
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Implications and Future Research
Long-term downward trends in base 

flow of streams correspond to down-
ward trends in rainfall and may reflect 
a decline in ground-water storage 
and recharge.  Because ground water 
provides about 99 percent of Hawaii’s 
domestic drinking water (Gingerich and 
Oki, 2000), a reduction in ground-water 
storage and recharge has serious implica-
tions for drinking-water availability.  In 
addition, reduction in stream base flows 
may reduce habitat availability for native 
stream fauna and water availability for 
both instream and offstream uses, particu-
larly during periods of little or no rainfall.   

Long-term downward trends in 
total flow (base flow plus direct runoff) 
of streams are much less widespread 
than trends in base flow, which reflects 
differences between direct-runoff and 
base-flow characteristics.  Whereas 
base-flow trends generally were down-
ward, direct runoff likely did not change 
significantly over time, resulting in a gen-
eral lack of long-term trends in total flow.  

Further study is needed to determine 
(1) whether the downward trends in base 
flows from 1913 to 2002 will continue 
or whether the observed pattern is part 
of a long-term cycle in which base flows 
may eventually return to higher lev-
els measured during 1913 to the early 
1940s, (2) the physical causes for the 
detected trends and variations in stream-
flow, and (3) whether regional climate 
indicators successfully can be used to 
predict streamflow trends and variations 
throughout the State.  These needs for 
future study underscore the importance of 
maintaining and expanding the existing 
network of long-term-trend stream- 
gaging stations in Hawaii.
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Since 1909, the U.S. Geological Survey has operated a total of about 500 

stream-gaging stations on selected streams throughout Hawaii.  Although many of 

these stations record only peak water levels during storms, a significant number of 

stations continuously monitor stream stage (water level) and flow.  The number of 

active continuous-record stations in Hawaii peaked near 200 stations in the 1960s 

and has declined greatly since then.  Currently (2004), the number of active  

continuous-record stations in Hawaii is 69, close to the number of stations main-

tained in 1913.  The reduced number of continuous-record stations in Hawaii will 

diminish the ability of water managers and users to understand and properly man-

age the State’s surface-water resources.

For further information contact:
 U.S. Geological Survey
 Water Resources
 677 Ala Moana Blvd., Suite 415
 Honolulu, HI  96813
 http://hi.water.usgs.gov


