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Previous attempts to validate general circulation model simulations of land surface hydrology have 
often been limited by the absence of systematic historical data, especially for runoff, precipitation, and 
temperature. Because hydrological response times for unregulated watersheds in the United States 
vary from a few hours to a few days at most, climatological studies dealing with land surface hydrology 
require data at relatively short time intervals. We describe a set of 1009 U.S. Geological Survey 
streamflow stations, and 1036 National Oceanic and Atmospheric Administration climatological 
stations, for which long-term (1948-1988) observations have been assembled into a consistent daily 
data base with missing observations estimated using a simple closest-station prorating rule. Care was 
taken in selection of the streamflow stations to assure that the records were essentially free from 
regulation. The climatological stations are a subset of the historical climatology network for which 
monthly data are described by Quinlan et al. (1987). The data format is provided to facilitate 
development of alternative data retrieval algorithms. Estimated values for missing data, as well as 
suspicious observations, are flagged. The data are retrievable by station list, state, latitude-longitude 
range, and hydrologic unit code from compact digital read-only memory (CD ROM). CD-ROM copies 
are available from the second author. 

INTRODUCTION 

Predictions of long-term climate change, especially those 
that have resulted from numerical general circulation models 
(GCMs), have been the recent subject of considerable sci- 
entific interest and controversy. GCMs are based on descrip- 
tions of mass and energy balances in the atmosphere, as 
described by differential equations, which are solved using 
grid meshes with spatial dimensions of the order of hundreds 
of kilometers (see, for example, Mitchell [1989]). GCMs 
characterize land surface processes, including evaporative 
fluxes and runoff, using highly simplified land surface repre- 
sentations. To date, most attempts to validate GCMs have 
focused on long-term simulations of average climatic condi- 
tions (see, for example, Delworth and Manabe [1989]). The 
few attempts to validate GCM simulations of present surface 
meteorological conditions using historical surface meteoro- 
logical data [e.g., Rind, 1989; Grotch, 1988] have focused 
primarily on long-term climatic averages over large areas. 
They have been somewhat limited by the absence of system- 
atic historical data and methods for spatially averaging 
observational data that are consistent with GCM formula- 
tions. 

Attempts to validate GCM hydrologic predictions have 
been even more limited, in part due to problems of identify- 
ing suitable historical records of runoff that are free of water 
management effects. Neilson et al. [1989] compared the 
average seasonal distribution of precipitation and runoff 

Copyright 1991 by the American Geophysical Union. 
Paper number 91 WR00977. 
0043-1397/91/91 WR-00977 $05.00 

using selected historical observations with corresponding 
GCM seasonal predictions for two transects (latitude bands) 
across the continental United States. These comparisons 
showed some systematic problems with the GCM simula- 
tions of runoff and precipitation. However, the analysis was 
limited to long-term average conditions due to the effects of 
reservoir regulation on the streamflow records used. Fur- 
ther, the comparisons were of necessity qualitative, since 
the comparisons were between GCM grid cell simulations 
and observed point (precipitation) and watershed (runoff 
historical data. 

In addition to attempts to validate GCMs, a number of 
studies have analyzed historical climatic data (primarily 
surface temperature) in attempts to identify the existence of 
climate change signals [e.g., Diaz and Quayle, 1980; Karl, 
1985; Wigley et al., 1985; Jones et al., 1986]. Because of the 
considerable interest in long-term temperature trends, and 
because of a number of problems with the analysis of 
observational records due to station moves, changes in 
instrumentation, and other problems, Quinlan et al. [1987] 
identified approximately 1200 long-term monthly precipita- 
tion and temperature records for the continental United 
States, which they termed the historical climatology network 
(HCN). For each of the HCN stations, corrections for 
systematic biases due to changes in location, instrumenta- 
tion changes, and changes in observation times were pro- 
vided. Our daily precipitation/temperature sites are a subset 
of the HCN sites. 

Identification of streamflow records suitable for climate 
studies presents a somewhat different set of problems than 
exists for the precipitation and temperature records. Almost 
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all gauged streams in the continental United States are 
affected to some extent by man's activities, the most signif- 
icant of which are upstream reservoirs, upstream diversions 
for beneficial uses within the basin, and, especially in the 
West, interbasin transfers of water. The U.S. Geological 
Survey (USGS) has recognized the need to provide baseline 
data on natural runoff for catchments that are free of water 

management effects. The USGS Benchmark network was 
established in part to provide the basis for long-term assess- 
ments of hydrologic change [Cobb and Biesecker, 1971]. 
However, the number of stations (less than 50) is inadequate 
to characterize runoff for the entire United States, especially 
since the drainage areas of the Benchmark stations are quite 
small. 

Langbein and Slack [1982] identified approximately 200 
stream gauging stations in the continental United States that 
could be used to evaluate long-term streamflow variations. 
They grouped the stations into three classes: those with no 
reported regulation or diversions (Class I), diversions and/or 
storage capacity less than 10% of the mean annual runoff 
(Class II), and others (Class III). Among the difficulties with 
Langbein and Slack's station list is that many of the stations 
are no longer active, and some were discontinued as early as 
1913. A further update of this concept is currently in 
progress [Landwehr and Slack, 1990]; at this time the list of 
sites and periods of record is not available. It is likely that 
these data, like the original Langbein-Slack records, will be 
limited to streamflow. 

Unfortunately, stream gauging and climatological net- 
works in the United States have evolved independently; it is 
only recently, with the advent of remote data transmission 
capabilities, that meteorological and stream gauging systems 
have begun to be coupled, albeit primarily for flood forecast- 
ing purposes. Further, although the U.S. Geological Sur- 
vey's daily values for streamflow are computerized for 
virtually all long-term stations for the entire period of 
historic record, daily climatological records maintained by 
the National Climatic Data Center (NCDC) are only avail- 
able in electronic form for the period 1948 to present for 
most stations. Therefore, to be useful for such purposes as 
long-term characterization of land surface processes, atten- 
tion-needs to be focused on stream gauging stations that have 
been active during the post-1948 period. With the increased 
attention given to validation of GCMs, large-scale modeling 
efforts will need to be undertaken, for which consistent 
records of surface meteorological variables, and runoff, will 
be essential. Some preliminary efforts along these lines have 
been initiated [e.g., Lettenmaier et al., 1990]. However, our 
attention in this paper is limited to the description of the 
development of a consistent set of daily streamflow and 
climatic data for the continental United States during the 
41-year period 1948-1988, in the belief that others with 
similar data requirements will have an interest in the char- 
acteristics of the raw data, the criteria used for station 
selection, and the algorithms used for estimating missing 
values. 

STATION SELECTION: STREAMFLOW 

As noted above, our major concern was to identify stream 
gauging locations as free as possible from the effects of 
upstream diversions and storage. One of our concerns was 
that the stations be suitable for rainfall/snowmelt runoff 
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Fig. 1. Geographic distribution of runoff stations. 

modeling. This dictated that the streams be unaffected by 
diversions and/or regulation at the storm response scale; for 
practical purposes this implies daily data. To identify 
streams meeting this criterion, we proceeded as follows. 
First, we screened the USGS daily values file for all stations 
that began operation prior to water year 1948 and had at least 
40 years of record (the screening operations were performed 
using commercial sot!ware for compact digital/read only 
memory (CD-ROM) retrieval of the USGS daily values files). 
This resulted in a maximum candidate list of about $000 

stations. We then examined the comments paragraph of the 
USGS station remarks file tbr each station and classified the 

stations as follows: no upstream diversions or regulation 
(Class I), minimal upstream diversions and regulation (Class 
II), upstream diversions and regulations, extent/effects un- 
known (Class III), substantial upstream diversions and/or 
regulation, station probably unusable (Class IV), and major 
upstream diversions and/or regulation, almost certainly un- 
usable (Class V). In addition, stations with substantial nat- 
ural upstream storage (e.g., lakes) were assigned to a Class 
VI. Class IV, V, and VI stations were eliminated from 
further consideration; the relatively small number of Class 
III stations were also eliminated, but a list of these stations 
was retained for future reference. The remaining 1413 Class 
I and I! stations were further screened for stations that were 

discontinued prior to 1978. This resulted in a final list of 1009 
stations, the geographic distribution of which is shown in 
Figure 1. Although there are some stations in each state, the 
station density tends to be higher in the more humid areas 
(e.g., East and Northwest) than in arid and semiarid areas 
(e.g., Southwest) where the effects of water management are 
greater. 

ESTIMATION OF MISSING DAILY STREAMFLOW VALUES 

Each of the 1009 station records was screened, and any 
missing daily values were identified and subsequently esti- 
mated as follows. The long-term monthly average flows for 
nearest both the target site (station with missing data)and 
the neighboring site were computed for those years with 
observed data. Missing values at the target stations were 
then simply estimated as the corresponding daily flow at the 
neighboring site, multiplied by the ratio of the long-term 
monthly mean at the target site to the mean at the neighbor' 
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ing site. If missing values were encountered for the same 
date at both sites, then the second or third (if needed) nearest 
neighbors were used instead. On rare occasions when all 
four sites had concurrent missing values, the fill-in value was 
the long-term daily flow for that month and site, which was 
flagged so that it could be readily recognized. 

PRECIPITATION AND TEMPERATURE 

The initial set of precipitation and temperature sites were 
those identified by Quinlan et al. [1987], which consisted of 
1228 temperature stations and 1220 precipitation stations. 
One precipitation station for which only 4 years of data were 
present on the Quinlan et al. station list was eliminated at the 
outset. We also eliminated at the outset the seven tempera- 
ture stations for which monthly precipitation was not avail- 
able. We then retrieved the daily precipitation and temper- 
ature data for each of the remaining stations. We found that 
daily data in electronic form were not available for both 
precipitation and temperature for a number of stations; this 
further reduced the number of candidate stations, as did the 
requirement that no more than 20% of the days have missing 
values. The final list had 1036 precipitation/temperature 
sites. 

The handling of missing data for precipitation and temper- 
ature was more difficult than for streamflow because of two 
factors: first, unlike streamflow records for which the num- 
ber of missing periods tend to be 'few, but for which the 
lengths of the gaps may be long, there tend to be more, 
shorter gaps in precipitation and temperature observations, 
and these gaps tend to be scattered throughout the record. 
Therefore while gaps in the streamflow records tend to last 
for months to years, gaps in precipitation and temperature 
records tend to last for only few days, and in many cases 
only one day. The second complicating factor lbr precipita- 
tion and temperature was the desirability to have the daily 
data, after estimation of missing values, be consistent with 
the monthly data sets of Quinlan et al. [1987]. As noted 
above, Quinlan et al. provided two sets of monthly data 
records: unadjusted or "raw" data, and data adjusted for 
systematic biases due to station moves, changes in instru- 
mentation, and time of observation. We refer to the two data 
sets as the unadjusted and adjusted HCN data sets, respec- 
tively. We adjusted the daily data, through the process of 
estimating missing observations and other checks described 
below, to be consistent with the unadjusted HCN data. 
However, we also provide monthly adjustment factors to 
produce daily data consistent with the HCN adjusted data. It 
should be noted that an update to the Quinlan et al. monthly 
data has recently been released which contains adjustments 
for urban temperature stations thought to be affected by the 
so-called "heat island" effect, as described by Karl et al. 
[1988]. The number of stations so affected is relatively small, 
so we have not adjusted the daily data to be consistent with 
the latest HCN heat island adjustments. However, sufficient 
information is provided so that such adjustments could 
easily be made. 

This latter requirement of making our daily data set 
consistent with the HCN data sets was more complicated 
than originally envisioned because of inconsistencies be- 
tween the monthly HCN values and the archival daily values 
for the same stations. For example, the monthly totals based 
on the incomplete daily precipitation data (the nonmissing 

days) provided, in some cases, a greater total than the 
unadjusted monthly HCN totals. The approach used to 
identify and flag these problems is discussed in more detail in 
the next section. Whenever possible, the missing data were 
estimated and adjusted in a manner to yield a monthly total 
that is consistent with the unadjusted HCN data set. In 
addition, we calculated the adjustment factor to go from the 
unadjusted to the adjusted HCN data for each month of 
every year. This allows for the construction of daily precip- 
itation and maximum and minimum temperature data that 
are consistent with the adjusted monthly HCN values. 

We encountered additional problems with the daily clima- 
tological data. In some cases the daily observations were 
missing during months that the HCN data set reported as 
complete. In such cases the missing days were estimated so 
as to be consistent with the HCN monthly totals. In the 
process of verifying the computerized daily records for such 
cases, spot checking of the original paper records showed 
that some of the days shown as missing in the computerized 
records were in fact observed. These data were nonetheless 
treated as missing; no attempt was made to edit the raw daily 
data. The missing values were estimated using the following 
three-step procedure. 

1. The closest three stations were identified, and the 
missing days were estimated from the closest station with 
data. The observations from this station was adjusted by the 
ratio of the long-term means for that month (for precipita- 
tion) or the difference in the long-term means for that month 
(for maximum/minimum temperature). If none of the three 
closest stations had data, the long-term mean from that 
month was used to estimate the missing day. 

2. Taking the results from step !, the estimated monthly 
total (for precipitation) or monthly mean (for temperature) 
was compared to the unadjusted HCN monthly values, and 
the difference between these two monthly values is provided 
as a correction factor. Because there are different methods 
for distributing these differences (inconsistencies) within the 
month, and because different methods can have a large effect 
for particular circumstances, we decided not to adjust the 
data but instead only to indicate the magnitude of the 
inconsistencies. 

3. Information required to further modify the daily data 
set from step 2 to reflect differences between the adjusted 
HCN monthly values and the unadjusted HCN monthly 
values is provided. If implemented, this step will result in 
daily values corrected for the systematic biases due to 
station moves and changes in instrumentation, as identified 
by Quinlan eta!. [1987]. In the case of both steps 2 and 3, 
adjustments are not calculated in cases where the HCN 
monthly data are missing. 

INCONSISTENT AND SUSPICIOUS PRECIPITATION 
TEMPERATURE VALUES 

As noted above, we had difficulty making the sum (or 
average) of the values for the days in a month equal the HCN 
monthly values in many cases. We expected such differences 
to occur for the adjusted HCN values but did not expect 
such problems for the unadjusted values, particularly in 
months where no missing days were reported. Some of the 
problem may be the result of differences in time of day 
conventions for reporting monthly values in the HCN source 
data and the NCDC records. Initially, we intended to pro- 
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Fig. 2. Geographic distribution of climatological stations. 

vide adjustments that would make the sum of the days and 
the HCN monthly values consistent. Because of problems 
with adjustment of missing values we finally decided to 
provide only the monthly differences. 

In addition to the problem with sum of the day and 
monthly value inconsistencies, we encountered a number of 
suspicious values. These values were flagged but not altered. 
Suspicious values fell into the following categories: (!) daily 
precipitation < 0 or > 20 inches, (2) daily Truax < Train, (3) 
rma x - rmi n > 100øF, and (4) Truax < 20øF during the period 
May-September. 

Thirty-eight percent of the precipitation/temperature sites 
had one or more values in the above categories, although the 
total number of such occurrences in the 41 years of record 
for most of these sites was one or two. In a few cases, 
however, there were as many as 100 such flags. Perhaps of 
greater concern is the number of errors that must exist in the 
archival data but which are not obvious enough to fail the 
screening criteria. At the very least, vigilance on the part of 
data users is suggested; we encourage those responsible for 
collecting and archiving of climatological data to develop 
and employ improved quality assurance procedures so that 
the number of data errors can be reduced. 

SUMMARY CHARACTERISTICS AND STATISTICS 

The characteristics of the data can be represented in a 
variety of manners. For the purpose of validating climate 
models it is important to establish the representativeness of 
the observation locations. Figure 1 gives the location of the 
streamflow stations while Figure 2 gives the location of the 
meteorological stations. The station characteristics are sum- 
marized in Table 1 as empirical probability distributions for 
selected summary statistics for the entire continental United 
States and by USGS hydrologic units, of which there are 18, 
as shown in Figure 3. Because of the small number of 
stations within particular hydrologic unit areas, some areas 
were combined in our summary statistics tables. 

The summary statistics reported in Table 1 are the drain- 
age area in square miles for runoff stations (Area USGS), 
station elevation in feet (Elevation USGS and Elevation 
NCDC for runoff and climatological stations, respectively), 
•nd minimum distance in miles between a streamflow and 
meteorological station (Distance). In addition, summary 

statistics are provided of the fraction of missing data for 
runoff stations and for climatological stations by variable 
(precipitation, daily minimum and maximum temperature) 
and, in the case of precipitation, for the percentage of days 
for which only accumulated amounts were reported, as 
described in the previous section. All missing data and 
precipitation accumulation statistics are given for both the 
entire period of record (1948-1988) and the first 31 years 
(1948-1978). The reason for inclusion of the 1948-!978 
statistics for missing data and precipitation accumulations is 
that, in the case of runoff stations, there were a number of 
stations for which a disproportionate amount of missing data 
occurred in the last 10 years (1979-!988) because of station 
discontinuation. Generally, Table 1 shows that missing data 
were more uniformly distributed throughout the period of 
record for the climatological records. 

The statistical analysis shows that the median catchment 
area for all runoff stations in our data set is 294 square miles 
and that when segregated by region the median area varies 
from !03 to 575 square miles. The median distance between 
a streamflow and climatological station for the entire United 
States is about 20 miles, and 99% of the stream gauges are 
within about 60 miles of a climatological station. Except for 
hydrologic units 17 and 18, the climatological stations tend to 
be at a higher elevation than the streamflow stations. Finally, 
for the entire United States, over 50% of the runoff stations 
had no missing observations, while 50% of the climatological 
stations had less than about 2% missing observations (rang- 
ing from 1.62% for precipitation to 2.07% for maximum 
temperature). 

DATA AVAILABILITY 

The data are available 'from the second author on CD- 

ROM. The data are retrievable by station list, state, hydro- 
logic unit code, and latitude-longitude range. In addition, 
soi•ware is provided to identify and retrieve all climatologi- 
cal and/or streamflow stations within a given distance of a 
specific station. The data format is provided along with the 
retrieval programs to facilitate development of alternative 
retrieval algorithms. For the streamflow data there is a 
summary file listing the periods of missing data (replaced by 
estimated values in the data files) for each station. Generally, 
the number of periods of missing data is relatively small for 
streamflow, but the periods tend to be lengthy, typically a 
year or more. For the climatological data there tend to be 
more periods with missing data, of much shorter duration 
(often only a few days). Therefore the data structure for the 
climatological data is somewhat different than for the 
streamflow data. Three basic files are provided for each 
station (one each for daily precipitation, maximum temper- 
ature, and minimum temperature). These files contain codes 
indicating which days were estimated and how they were 
estimated, as well as flags for suspicious values, as described 
above. Additional files are provided with monthly adjust- 
ment factors to make the basic data fully consistent with 
either the unadjusted or adjusted HCN monthly data. 

SUMMARY 

A daily hydrometeorological data set for the continental 
United States was constructed for use in climate studies. 
The data were taken from USGS daily streamflow data and 
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TABLE 1. Statistical Summary of Streamflow (USGS) and Climatological (NCDC) Station Records 

Percentile 

1 5 10 50 90 95 99 

All Stations (1009 USGS, 1036 NCDC) 

Area USGS (square miles) 6. 23. 41. 294. 
Elevation USGS (feet above msl) 4. 24. 85. 700. 
Elevation NCDC (feet above msl) 10. 40. 140. 800. 
Elevation difference (feet) -2802. -743. -338. 62. 
Distance (miles) 0.65 2.98 6.49 20.45 
Runoff percent missing, !948-1988 0.00 0.00 0.00 0.00 
Runoff percent missing, 1948-1978 0.00 0.00 0.00 0.00 
Precipitation percent missing, 1948-1988 0.01 0.03 0.13 1.46 
Precipitation percent accumulated, 1948-1988 0.00 0.00 0.00 0.02 
Train percent missing, 1948-1988 0.01 0.! 1 0.30 1.86 
Traax percent missing, 1948-1988 0.02 0.15 0.32 1.94 
Precipitation percent missing, 1948-1978 0.00 0.02 0.05 1.38 
Precipitation percent accumulated, 1948-1978 0.00 0.00 0.00 0.02 
Train percent missing, 1948--1978 0.01 0.07 0.!7 1.83 
Truax percent missing, 1948-1978 0.01 0.08 0.!9 1.85 

HUC 8+10+11+12+13, (!63 USGS, 284 NCD½) 
Area USGS (square miles) 19. 39. 79. 538. 
Elevation USGS (feet above msl) 5. 28. 100. 933. 
Elevation NCDC (feet above msl) 35. 38. 180. 1052. 
Elevation difference (feet) -3282. -1133. -416. 70. 
Distance (miles) 0.54 3.55 9.93 25.83 
Runoff percent missing, 1948-1988 0.00 0.00 0.00 0.00 
Runoff percent missing, 1948-! 978 0.00 0.00 0.00 0.00 
Precipitation percent mis sing, 1948-1988 0.01 0.03 0.19 !. 66 
Precipitation percent accumulated, 1948-1988 0.00 0.00 0.00 0.03 
Tmi n percent missing, 1948-1988 0.01 0.09 0.31 1.94 
Trax percent missing, 1948-1988 0.02 0.18 0.31 2.03 
Precipitation percent missing, 1948-1978 0.00 0.03 0.05 1.44 
Precipitation percent accumulated 1948-!978 0.00 0.00 0.00 0.02 
Train percent missing, 1948-1978 0.00 0.04 0.12 1.92 
Tmax percent missing, 1948-1978 0.02 0.06 0.18 0.93 

Area USGS (square miles) 
Elevation USGS (feet above msl) 
Elevation NCDC (feet above msl) 
Elevation difference (feet) 
Distance (miles) 
Runoff percent missing, 1948-1988 
Runoff percent missing, 1948-1978 
Precipitation percent missing, 1948-1988 
Precipitation percent accumulated, 1948-1988 
rmi n percent missing, 1948-1988 
rraax percent missing, 1948-1988 
Precipitation percent missing, 1948-1978 
Precipitation percent accumulated, 1948-1978 
Train percent missing, 1948-1978 
Traax percent missing, 1948-1978 

Area USGS (square miles) 
Elevation USGS (feet above msl) 
Elevation NCDC (feet above msl) 
Elevation difference (feet) 
Distance (miles) 
Precipitation percent missing, 1948-1988 
Runoff percent missing, 1948-1978 
Precipitation percent missing, 1948-1988 
Precipitation percent accumulated, 1948- !988 
Train percent missing, 1948-1988 
Truax percent missing, 1948-1988 
Precipitation percent missing, 1948-!978 
Precipitation percent accumulated, !948-1978 
Train percent missing, 1948-1978 
rrnax percent missing, 1948-1978 

HUC 7+9, (136 USGS, I04 NCDC) 
23. 59. 129. 575. 

357. 429. 466. 669. 
438. 512. 579. 810. 
-63. - 15. - 1. 100. 

0.22 6.12 8.04 21.98 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.01 0.05 0.29 1.85 
0.00 0.00 0.00 0.03 
0.00 0.08 0.32 2.24 
0.00 0.06 0.35 2.26 
0.00 0.02 0.08 1.80 
0.00 0.00 0.00 0.03 
0.00 0.04 0.13 2.08 
0.00 0.06 0.19 2.16 

HUC 14+ 15+ 16, (39 USGS, 99 NCDC) 
9. ! 1. 56. 268. 

2029. 2177. 2523. 6400. 
2050. 2205. 2650. 5740. 

-3004. -2824. - 1920. -211. 
4.65 8.57 9.40 23.86 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.01 0.05 0.29 !.78 
0.00 0.00 0.00 0.03 
0.00 0.07 0.29 2.13 
0.00 0.05 0.32 2.21 
0.00 0.02 0.06 1.78 
0.00 0.00 0.00 0.03 
0.00 0.04 0.12 2.08 
0.00 0.05 0.12 2.07 

1542. 
3201. 
3300. 

486. 
37.06 
11.12 
0.10 

5.74 
0.12 
6.63 
6.58 
5.00 
0.10 
6.07 
6.07 

1986. 
6813. 
6262. 

449. 
45.06 

9.75 
0.09 
6.70 
0.15 
7.02 

7.13 
5.40 
0.14 
6.92 
7.09 

2492. 
1083. 
1236. 
289. 

42.24 
2.44 

0.02 
8.85 
0.16 

10.11 
10.26 
7.27 
0.16 
8.25 
8.15 

4010. 
7941. 
7850. 
1402. 

40.42 
14.62 
0.13 
8.95 
0.16 

10.68 
10.72 
7.23 

0.15 
7.99 
8.04 

2644. 

5957. 
5510. 

829. 
44.50 
17.05 
0.15 
9.O2 
0.19 
9.65 
9.58 
7.24 
0.18 

8.53 
8.72 

297!. 
8!53. 
7687. 

693. 
59.83 
14.62 

0.13 
9.65 
0.25 

10.71 
10.62 
7.42 

0.25 
8.70 
8.32 

4421. 
! 177. 
1437. 

420. 
51.21 
11.01 
0.10 

12.27 
0.29 

13.55 
13.50 
11.36 
0.29 

11.36 
11.37 

5872. 
8284. 
9000. 
1793. 

43.66 
19.50 
0.17 

12.69 
0.31 

14.39 
14.24 
!1.37 
0.29 

11.37 
11.37 

6564. 
8160 
7691 
1742 

60.63 
24.37 

0.22 

17.37 
0.59 

18.21 
18.35 
17.46 

0.44 
18.39 
!8.67 

6901. 
9235. 
9065. 
1649. 

85.55 
22.08 

0.20 
16.70 

1.05 
18.00 
!8.33 
16.05 
0.78 

19.13 
18.94 

7313. 
!473. 
1565. 
642. 

59.80 
16.76 
0.15 

18.51 
! .32 

18.21 
18.36 
23.35 

1.72 

23.53 
23.74 

7896. 
9617. 
9065. 
1925. 

54.53 
19.50 
0.17 

18.54 
1.34 

18.22 
18.36 
23.61 

1.77 
23.75 
23.96 
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TABLE 1. (continued) 

Percentile 

1 5 10 50 90 95 99 

HUC 17+18, (140 USGS, 164 NCDC) 
Area USGS (square miles) 5. 13. 22. 
Elevation USGS (feet above msl) 0. 90. 191. 
Elevation NCDC (feet above msl) 5. 10. 41. 
Elevation difference (feet) -6076. -2734. -1286. 
Distance (miles) 0.50 2.14 4.10 
Runoff percent missing, 1948-1988 0.00 0.00 0.00 
Runoff percent missing, 1948-1978 0.00 0.00 0.00 
Precipitation percent missing, 1948-1988 0.01 0.05 0.24 
Precipitation percent accumulated, 1948-1988 0.00 0.00 0.00 
Tmin percent missing, 1948-1988 0.00 0.07 0.33 
Tma x percent missing, 1948-1988 0.01 0.10 0.35 
Precipitation percent missing, 1948-1978 0.01 0.03 0.06 
Precipitation percent accumulated, 1948-1978 0.00 0.00 0.00 
Tmin percent missing, 1948-1978 0.00 0.04 0.13 
Tmax percent missing, 1948-1978 0.01 0.06 0.16 

HUC 3+6, (149 USGS, 120 NCDC) 

131. 888. 1578. 9552. 
1320. 4741. 6587. 7331. 
1120. 3966. 5270. 6798. 

- 135. 568. 1181. 3060. 
18.99 36.56 43.78 69.95 
0.00 14.62 21.94 24.37 
0.00 0.13 0.19 0.22 
1.85 8.67 11.51 18.09 
0.03 0.19 0.40 1.33 
2.13 8.84 11.32 18.83 
2.17 8.58 11.24 18.87 
1.65 7.01 10.97 20.23 
0.03 0.19 0.33 1.12 
2.04 7.85 11.27 20.80 
2.11 7.83 10.83 21.11 

Area U SGS (square miles) 22. 54. 76. 395. 
Elevation USGS (feet above msl) 0. 8. 16. 311. 
Elevation NCDC (feet above msl) 5. 18. 40. 475. 
Elevation difference (feet) -500. -156. -72. 103. 
Distance (miles) 0.52 2.24 6.85 23.2 ! 
Runoff percent missing, 1948-1988 0.00 0.00 0.00 0.00 
Runoff percent missing, 1948-1978 0.00 0.00 0.00 0.00 
Precipitation percent missing, 1948-1988 0.01 0.05 0.30 1.80 
Precipitation percent accumulated, 1948-1988 0.00 0.00 0.00 0.03 
Tmin percent missing, 1948-1988 0.00 0.08 0.35 2.12 
Tmax percent missing, 1948-1988 0.00 0.09 0.39 2.12 
Precipitation percent missing, 1948-1978 0.00 0.03 0.07 1.65 
Precipitation percent accumulated, 1948-1978 0.00 0.00 0.00 0.03 
Tmin percent missing, 1948-1978 0.00 0.04 0.13 1.93 
Tmax percent missing, 1948--1978 0.00 0.06 0.14 2.06 

HUC 1 +2+0413-0419, (208 USGS, 138 NCDC) 
Area USGS (square miles) 2. 10. 2!. 103. 
Elevation USGS (feet above msl) 3. 13. 28. 414. 
Elevation NCDC (feet above msl) 15. 44. 88. 490. 
Elevation difference (feet) -661. -317. -240. 64. 
Distance (miles) 0.98 2.72 5.61 16.17 
Runoff percent missing, 1948-1978 0.00 0.00 0.00 0.00 
Runoff percent missing, 1948-1978 0.00 0.00 0.00 0.00 
Precipitation percent missing, I948-1988 0.01 0.05 0.30 1.87 
Precipitation percent accumulated, 1948-1988 0.00 0.00 0.00 0.03 
Tmin percent missing, 1948-1988 0.01 0.07 0.34 2.14 
Tmax percent missing, 1948-1988 0.01 0.09 0.32 2.17 
Precipitation percent missing, 1948-1978 0.00 0.02 0.06 1.66 
Precipitation percent accumulated, 1948-1978 0.00 0.00 0.00 0.03 
Tmi n percent missing, 1948-1988 0.00 0.03 0.12 2.00 
Tmax percent missing, 1948-1978 0.01 0.05 0.13 2.11 

HUC 0400-0412+05, (179 USGS, 126 NCDC) 
Area USGS (square miles) 4. 55. 86. 300. 
Elevation USGS (feet above msl) 290. 424. 535. 765. 
Elevation NCDC (feet above msl) 462. 550. 580. 845. 
Elevation difference (feet) -1327. -298. -90. 65. 
Distance (miles) 0.30 1.92 5.31 18.38 
Runoff percent missing, 1948-1988 0.00 0.00 0.00 0.00 
Runoff percent missing, 1948-1978 0.00 0.00 0.00 0.00 
Precipitation percent missing, 1948-1988 0.01 0.05 0.31 1.84 
Precipitation percent accumulated, 1948-1988 0.00 0.00 0.00 0.03 
Tmi n percent missing, 1948-1988 0.00 0.09 0.37 2.18 
Truax percent missing, 1948-1988 0.01 0.10 0.41 2.17 
Precipitation percent missing, 1948-1978 0.00 0.03 0.09 1.67 
Precipitation percent accumulated, 1948-1978 0.00 0.00 0.00 0.03 
Trnin percent missing, 1948-1978 0.00 0.05 0.14 2.00 
Trnax percent missing, 1948-1978 0.00 0.06 0.22 2.08 

2650. 
1792. 
2160. 

767. 
38.76 

7.31 
0.06 
8.93 
0.16 
9.50 
9.73 
7.23 
0.15 
7.90 
8.00 

645. 
1097. 
1380. 
575. 

32.72 
15.16 
0.13 

8.77 
0.!7 
9.66 
9.28 
7.05 
0.19 
7.91 
7.89 

4246. 11,215. 
2034. 2840. 
3300. 3840. 
1267. 2091. 

43.52 47.48 
16.05 25.23 
o. 14 0.22 

12.60 18.40 
0.29 1.27 

14.22 18.16 
14.09 18.35 
11.27 22.52 
0.29 1.56 

11.30 22.80 
11.35 23.04 

908. 2640. 
! 281. 1660. 
1735. 2233. 
826. 1237. 

35.81 49.69 
23.15 28.60 

0.20 0.25 
12.73 18.27 
0.31 1.33 

14.40 19.28 
14.26 19.24 
10.75 21.58 
0.29 1.38 

11.31 21.98 
11.32 22.25 

1131. !516. 2853. 
1679. 2086. 2772. 
1810. 2238. 3390. 
442. 7!8. 1386. 
35.54 40.88 75.90 
7.30 14.62 22.04 
0.06 0.13 0.19 
8.81 12.11 18.36 
0.17 0.39 1.33 
9.88 13.35 18.15 
9.39 12.21 18.35 
7.22 11.09 22.21 
0.18 0.33 1.50 
7.93 11.35 22.53 
7.92 11.34 22.77 

1 square mile equals 259 ha; 1 foot equals 30.48 cm' 1 mile equals 1.609 km. NCDC, National Climatic Data Center; HUC, hydrologic 
unit code; msl, mean sea level. 
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Fig. 3. Hydrologic regions of the continental United States. 

NOAA daily climatological data for precipitation and maxi- 
mum and minimum temperature. Care was taken to assure 
that the streamflow records were essentially free from regu- 
lation. The climatological stations were a subset of the HCN 
stations for which monthly data are described by Quinlan et 
al. [1987]. 

Missing data were estimated using observations from 
nearby gauges and long-term monthly means. Approxi- 
mately 5% of the days were missing in the records and had to 
be estimated. The daily meteorological data were further 
adjusted to be consistent at the monthly level with the HCN 
data of Quinlan et al. [1987]. We believe that these data are 
relatively free from anthropogenic effects and should be 
suitable for studying a wide range of hydroclimatological 
problems where daily data are necessary. However, users 
should be aware that errors do exist, especially in the 
climatological data, and should exercise due caution. 
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