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The Effect of Observation Time and Sampling Frequency on
Mean Daily Maximum, Minimum and Average Temperature

Abstract

The use of long-lerm 1emperature data for climatic, ecohydrologic and other studies must be serutinized carefully because of the
average daily ditferences due (o time of abservation (TOB). Tn this study. data from three climatie stations in the Revnolds Creek
Watershed in southwest Idaho were used to determine it TOB had the same effect on average daily temperature al cach location
and I average temperature compuled from 144 observations per dav was the same as average temperature compuled using the
traditional method. No consistent differences between sites were [ound: however. in the spring and fall, average daily lemperatures
differed by as much as 1°C between 0600 and 1600 TOB. Average lemperatares from 0700 and 0800 TOR were closest 1o mid-
night observations. Average temperalures from afterncon TOB were all higher than from midnight observations. Average daily
temperatures computed from 10 min inlerval data. ending at TOB. were as much as 0.8°C less than the average computed from
daily maximum and minimum values for 0800 through 1900 TOR. For 0600 and 0700 TOR. average temperatures computed
from 10 min interval data were both less than and greater than averages computed by the usual method depending on time of
vear. The significance of our findings is that studics which require historical temperature records and where only small changes
in lemperature are expected, such as elimate change modeling, will be difficull Lo verify. Also, mean daily temperanere will change
at localions when several readings arc used to compule mean daily temperature rather than computing mean daily lemperature
from the daily maximum and minimum emperatures.

Introduction peralures are recorded on a midnight to midnight

D . . basis. while the cooperative observers record tem-
[t is often necessary to know maximum, minimum

and mean daily temperatures for hvdrologic.
natural resource. and agricullural planning and
development projects. This information is used to
estimale rales and amounts of snowmelt. runoff,
vegetation vields. and other temperature-related
walershed processes through the use of eco-
hvdrologic models such as SPUR {Simulation of
Production and Utilization of Rangelands) (Wight
and Skiles 1987) and ERHYM (Ekalaka Range-
land Hydrology and Yield Model) (Wight 1987).
These models use either hisloric or synthetically
generated daily climatic data as abiolic driving
variables.

perature either in the morning or aflernoon and

the maximum and minimum values represent the

24-hour period ending at times of ohservation
[l

(TOB}.

Several invesligators, the first of whom was Ellis
(1890). showed that in England mean monthly
maximum. minimum. and mean emperatures were
nol the same depending on the ending time of the
24-hour observation period. He found that the
mean maximum and minimum lemperatures were
generally warmer when the 24-hour ohservation
period ended al 3:00 a.m. rather than al midnight.
Donnel (1912). Rumbaugh (1934), Baker (1973),
and Schaal and Dale (1977) found that mean dai-
Iy temperatures {average of the daily maximum and
minimum temperatures) were higher when the
24-hour period ended in the afternoon than when

Historic maximum and minimum temperature
records are also used for studies such as delermin-
ing how emission of CO; and other gases affects
climate. Based on present eslimates. Abrahamson

(1989) suggesls that at the present rate. emission the period was midnight to midnight. They also

found just the opposite eflfect when the 24-hour
period ended at 8:00 a.in. The study by Schaal

ol gases will raise global temperature by at least

220 by the vear 2030,

Historic maximum and minimum temperatures
used for modeling or for computing parameters in
climate generalion subroutines come [rom a few
first order Nalional Weather Service stations or
from numerous cooperative observers who record
the maximum and minimum temperatures daily.
First order stations’ maximum and minimum tem-

and Dale (1977 in Tndiana showed that dailv mean
temperature for March was 0.7°C higher for the
daily period ending at 7:00 p.m. than al midnight
and (.7°C cooler than midnight ohservations when
the 24-hour period ended at 7:00 a.m. This varia-
lion in mean temperature values represents 70 per-
cent of the 2°C temperature rise projected by
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the vear 2030 due to the greenhouse effect
{Abrahamson 1989). These mean temperature dif-
ferences from midnight TOB are because daily
maximum lemperatures generallv oceur in the
alternoon and thus daily maximum readings oc-
cusionally represent the maximum temperatures on
successive dayvs with afternoon TOB. The opposite
occurs for successive minimun temperatures when
the TOB is in the morning. Edwards (1987) dis-
cusses errors due lo undersampling and Karl et
el (1989) provides a lengthy discussion of errors
that are due to type of instrumentation and loca-
tion of instruments, ele. There is a need for ac-
curale climatic data for eco-hydrologic modeling
and for other invesligations. such as assessment
ol climatic change.

The purpose of this study was: 1) to investigate
the effect of TOB on maximum, minimum, and dai-
lv average lemperature at three different elevations
on a mountainous walershed; and 2} because of
the availability of eleetronic recording equipment,
to determine how well daily mean temperature
which was calculated from hourly lemperature
values agree with the mean calculated from the
average ol the daily maximum and minimum.

which is the common method of obtaining average
daily temperature.

Study Area and Instrumentation

Temperature data from three locations on Reynolds
Creek Watershed in southwest Tdaho were used
in this study, The watershed is a toothills tributary
to the Snake River and is located approximalely
64 km southwest of Boise, ldahe (Robins et al.
1965). As shown in Table 1, site elevation ranges
from 1193 to 1895 m and thus represent different
climatic regimes. Mean annual temperature ranges
from 8.4°C at site A to 6.6°C at sitc C. Mean an-
nual precipitation ranges from 233 mm at site A
o 308 mm at site C for 1985-88.

At cach of the sites, average hourly temperature
and maximum and minimum temperatures during
the hour were recorded electronically at the end
of cach hour. Average temperature during the hour
was based on readings at 10 minute intervals dur-
ing the hour. The maximum and minimum tem-
peratures lor 24-hour periods were obtained from
the inslanlaneous 10-minute readings during
the 24-hour period. Average tempceratures were

TABLE 1. Average temperature, precipitution. and number of days of data for the three weather sites on Revnolds Creek Waler-

shed. Idahe.

Menths
Jan- Mar- Way- Jul- Sep- Nov- Annual
Site Fek Apr Jun Aug Oct Dec Avcrage
A (Elec. 1193 )
Average temperature (2C) -0.84 6.01 11.57 2010 11.36 -0.90 8.39
Average precipitation (mumi a0 40 36 8 22 AT 233
(1985-1988)
Average precipitation (mm) 33 18 33 24 33 63 280
11962-1988)
Number of davs of temperature data 390 395 125 125 407 418
B rEler. 1649 )
Average lemperature (°C) -1.02 2.26 14.06 19.84 12,13 -0.63 8.27
Average precipitation (nun) 64 00 05> 13 23 62 292
{1985-1988)
Average precipitation (nmun) o7 06 7l 27 40 78 349
[1962-1984)
Number of davs of tlemperature data 203 228 243 248 235 243
C (Elev. 1895 my
Average temperature (2C) -1.79 3.20 11,70 17.81 10.19 - 1.60 6.9
Average precipitation {mm) 137 101 74 18 31 147 308
11985-1088)
Number of davs of temperature data 207 244 223 236 242 234
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computed from the maximum and minimum tem-
peralures during the 24-hour period ending at
TOB. The only temperature data used in this study
were from days when all data were available dur-
ing a scven-vear peried at site A and four-year
periods at the other two sites. Temperalure sen-
sors were localed in pagoda-sivie self-aspirating
radiation shields at sites B and C and in a fan-
aspirated shicld at site A.

Results and Discussion
Time of Observation

The numerous different TOB used in the United
States are evident from the information for Tdaho
which is listed in Table 2. The data in Table 2 were
taken from the December 1987 climatslogical Te-
port (LLS. Department of Commerce 1987). Only
six ol the 138 climatological stations recorded max-
imum and minimumn temperatures for the 24-hour
period ending at midnight. Sixty-two stations’ times
of observations were during the morning between
0600 and 1000 with 46 stations having an 0800

observation time.

Sixly-nine stations had afternoon TOB between
1300 and 2100. One-half of the stations with after-
noon TOB were at 1700 with most of the other
observations at cither 1600 or 1800, One station’s
TOB was at sunset.

There are at least Lwo other TOB preblems that
affeel Tdaho data and data from other states, Tdaho
is divided into two time zones. Mountain and Pa-
cific. so slalions due north and south of each other
with the same TOB are observed an hour aparl.
Also. Idaho observes daylight savings time which
changes TOB of some locations. while other ob-

servers do not change the actual TOB, As dis-
cusscd in the previous section, most times of obser-
vation in [daho are on the hour either from 0600
through 0900 in the morning or 1600 through
1900 in the afiernoon. Therefore, results from
those hours are used in Tahle 3 and subsequent
lables and discussions.

Average Dally Temperature Deviations

Deviations of average dailiy temperature from mid-
night observations from the Reynolds Creek Water-
shed sites ave listed in Table 3. Deviations for 0600
arc almost all negative and vary from close Lo zero
for May and June to —0.4°C dwing the fall
iSeptember-Ocilober). The negative deviations
change to almost all positive deviations by the 0900
TOB. The largest deviations for 0900 observations
were in May and June when the devialion was
about .3°C, while the smallest deviations were dur-
ing the winter. Average morning TOB temperature
deviations varied from —.22°C at 0600 to 0.16
ai 0900, which indicates that average tempera-
tures for hyvdrological and ecological studies from
these two TOB will vary 0.38°C. On an annual
basis, the 0600 and 0700 TOB average daily
temperatures are the closest to midnight obser-
vations,

All of the deviations belween midnight and the
1600 and 1900 TOB were positive, Devialions
ranged from aboul 0.1°C during the fall for 1900
obscrvations to about 0.9°C during May and June
for 16040 observations. Aftcrnoon time of obser-
vilion lemperature deviations were highest during
the summer and least during the winter, Consider-
ing times of afiernoon obscrvations for all months,
1600 observation temperalure deviations were

TABLE 2. Time of shservation ar ldaho climatological stations duriug 1987,

AM Stations

Hour 06040 0700 0800 0900 1000 Total
Number of stalions 1 9 16 5 62
PM Stations
Hour 1300 [0 1500 1600 1800 1900 2000 2100 2400 3%
Nuwmber of stations | 1 G 9 16 4 2 1 6 | 76
134
Sunset
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grealest (0.61°C) and temperature deviations from
1900 ohservations were the least (0.28°C).

Average temperature deviations {rem afternoon
observations were grealer than from morning ob-
servalions. which indicates that for climalic studies
it is preferable to use dala (rom stalions where
temperalure is obscrved in the morning. The
largest temperature deviation difference. between
0600 and 1600 TORB. was 1.07°C for March and
April, which is about half of 1the projected world
temperature increase by the vear 2030 {Abraham-
son 1989),

Effect of Elevation on Average Dailly
Temperature Deviations

One of the objectives of this study was to deter-
mine 1 average temperature devialions were af-

fected by location {elevationt on the watershed.
Location is of interest because, in mounlainous
arcas, climatological data [rom valley sites are often
adjusted 1o represent other arcas that are al higher
elevalions. As scen in Table 3, there were no
significant average temperalure deviation dif-
ferences between sites for any of TOB's. Because
the average daily temperature deviations were not
significantly different among sites, only data from
sitc B were used in the following discussion and
in Tables 4 and 5.

Average Dally Maximum Temperature
Deviaticns from Midnight Observations

Average daily maximumn temperalure deviations
were all zero or negalive for morning times of ob-
servation. For each bimonthly period. lemperature

TABLE 4. Average daily marimum and minimum emperature deviations {?C) from observations al midnight and 24 hour period

ending at the time of observation. site B.

Maximum Daily Temperature

AMintmum Dailv Temperature

Manth JF M-A V- J-A S0 N-D Avy S MoA AL J-A S0 N-D Ave
Time of

Ohservulion

0600 —.22 .1 —.06 -.01 -.09 —.06 -.09 —-.30 ER s .01 -.21 -58 -.21 -.29
0700 22 —.11 —.00 -.01 -.09 -.08 — .04 -.31 -.11 A48 32 -1l -.25 —.05
0800 .20 -.10 -.05 -0l —-.10 -.07 - .09 -.20 360 6) 40 15 -.19 9
0900 -3 -.07 200 .00 -.04 -.04 —.03 03 ot .7h Al 33 .02 33
1600 i 1.03 L.07 95 .69 28 73 23 .al 76 35 29 27 4
1700 26 B3 B89 i 20 .18 A5 24 L0072 38 .28 .24 39
1300 21 B0 52 A3 12 1 EE .24 A9 63 32 .20 1T 35
1900 2 A4 41 22 0l {00 23 A5 13 57 30 23 11 30

TABLE 5. Average daily temperature deviations {¢C3 hased on the difference
temperatures and the average of 134 ohservatdons during the 21

B (1649 m).

maximum and minimum
time of obsceroalion, site

ketween the average of the
tal
hour period ending at the

Jan- M- Mav- Jul- Sep- Now-

Month Fel Apr Jun Aug Oct Dec Average

Time of

Observation

0600 -4 26 .03 10 20 —.06 07

0700 -.12 A0 -.18 —.16 Rl —.03 -.05

0go0 -.19 —.14 -.26 —.20 —.17 -.09 —-.17

0900 —-.32 -.25 -.33 —.22 —.31 -.21 -.27

1600 —.63 —.76 -.81 —.68 -.70 —.53 —.60

1700 —.60 -.0H5 -.69 -.05 —.57 —.19 —.54

1800 —.2 -3 -.50 —.40 —.42 —.12 —.47

1900 -.51 —.41 -.35 -.29 —.37 -.39 -.39

2400 —.42 -.02 —.03 .00 -.10 —.18 -.13
Fffeet of Observation Time on Daily Temperature 105




devialions were ahout the same for 0600, 0700,
and (800 TOB: however, deviations during the
winter were more negative than during the sum-
mer. Summer average maximum deviations were
very sinall or zero lor the four morning TOB. The
0900 TOB most nearly represented midnight ob-
servations of average daily maximum temperature.

Average daily maximum lemperatures for the
four afternoon times of observation were all higher
than midnight observations. The 1600 1emperature
deviations were up lo 1.07°C for VMay-June. The
smallest deviations were from 1900 observations:
however, they were as high as +0.44°C for March
and April. These resulls show that morning obser-
vations of average daily maximum tcmperature rep-
resent midnight ohservations closer than afternoon

TOB.

One of the problems of using temperalure dala
for long-term climatic studies has been consistent
TOB throughout the record (Schaal and Dale
1977). Dhala from this study indicate thal chang-
ing TOB between 0600 and 1600 can change the
average maximum tempcerature by 1.1°C during
the period, March through June.

Average Daily Minimum Temperature
Deviations fram Midnight Observations

Morning, average daily minimum temperature
deviations vary from mostly negative at 0600 to
all positive at 0900. Average minimum tempera-
ures varied almost 1%C between 0600 and 0900
limes af observation during the spring and fall,
These varations arc about the same as observed
for morning and allernoon variations for average
daily maximum temperatures. On an annual basis,
the 0700 TOB represented midnight ohservations
more closely {—0.05°C) than any other TOB;
however. during the vear, deviations varied from
0.48°C for May and Junc to ~0.41°C for Sep-
tember and October.

Aflternoon average daily minimum temperature
deviations were all posilive and on an annual basis
only varied between (,30°C al 1900 0 0.41°C
for 1600 TOB. Average minimum temperature
devialions during May and June were highest
(0.67°C) and lowest (0.21°C) during the

November through February period.

Effect of Sampling Frequency on Average
Daily Temperature

The information presented in Table 5 was obtained
by subiracting the average temperature based on
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the maximum and minimum temperature during
the 24 hr period ending at TOB [rom the average
of 10 min observations (144 obhservations/day) dur-
ing the same time period. These analyses were
done to determine how average daily temperatures
recorded electronically, the method used present-
ly in most scientific studies. compare with average
daily temperatures obtained by the more conven-
tienal method of averaging the daily maximum and
minimum temperatures for a given TOB.,

Wost of the deviations for all TOB, except 0600
and 0700. were negative. therefore average daily
temperature computed from 10 min data will be
cooler than average daily lemperatures computed
from the average of the daily maximum and
minimum temperature. This condition was most
pronounced for afternoon TOB where, on an an-
nual basis. the 10 min average temperature was
0.69°C cooler than that from maximum and
minimum temperatures for the 1600 time of
observation.

Average annual deviations were the least for
0600 and 0700 TOB ohservalion when there were
hoth positive and negative deviations. For 0600
TORB. deviations were negative during the winter
and positive the remainder of the year. and were
not more than .25°C for anv bimonthly period.
There were twe bimonthly periods. March-April
and September-October. at the 0700 TOB, when
lemperature deviations were posilive and tempera-
ture devialions were negative for all other TOB.

For three of the bimonthly periods. March-
August. inclusive, midnight observation temperature
deviations were zero or nearly zero. Temperature
deviation lor the November-December period was
~0.18°C which were temperalure deviations in
the same range as those for morning TOR, The
average temperature deviation was —0.13°C
which was one of the smallest values but a greater
temperature deviation than that of 0600 and 0700
TOB.

There are two reasons why average daily tem-
peratures computed from 10 min records are less
than the average compuled from daily maximum
and minimum temperalures {Table 3). The first
reason is Lhat, in general, the number of hours dur-
ing a day with warm lemperatures is less than the
number of hours with cool temperalures in the en-
vironmenl on Revnolds Creek Watershed. Second-
ly. the higher average dailv temperatures computed
from daily maximum. and minimum temperatures
are more proncunced for aflernoon times of




observation. This is because maximum readings
often fall on or about the tlime of observation and
thus maximum values for successive days were ob-
tained from the same afternoon and could have
been the same temperature il the maximum
lemperature occeurred at the TOB.

The average daily temperatare computed from
10 min observations was higher than the average
based on daily maximum and minimum tempera-
tures for most of the 0600 TORB, and the 0700
TOB during the spring and fall (Table 5). This is
because 0600 and 0700 hours are at the lime of
minimum daily temperature and thus minimum
values for successive days actually were obtained
from the same morning. This winler minimum tem-
perature effect was greater than that from more
hours of minimum lemperatures during most davs
as discussed above,

Conclusions

Analyses of temperature data from three climatic
stations in the Revnolds Creek Watershed in south-
western [daho show the following:

1. Average daily temperature during the
March-April period differed by as much as
120 between 0600 and 1600 TOB when
average temperalure was computed as the
average of the maximum and minimum tem-
peratures between observations.

2. On an annual basis. average daily
temperatures from 0700 and 0800 obser-
vations were within 0.08°C of midnight
observations: 0600 observations were
(.22°(C less than midnight observalions:
and alternoen times of obscrvation tempera-
tures were grealer than those computcd
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