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ABSTRACT

Razuvaev, V. N,, E. G. Apasova, and R. A. Martuganov. 1993. Daily Temperature and
Precipitation Data for 223 USSR Stations. ORNL/CDIAC-56, NDP-040. Carbon
Dioxide Information Analysis Center, Qak Ridge National Laboratory, Oak Ridge,
Tennessee. 127 pp. doi: 10.3334/CDIAC/cli.ndp040

On May 23, 1972, the United States and the USSR established a bilateral initiative known
as the Agreement on Protection of the Environment. The primary goal of the initiative, which
remains active despite the breakup of the USSR, is to promote cooperation between the two
countries on numerous environmental protection issues. Currently, the agreement fosters joint
research in at least 11 "Working Groups" (i.e., areas of study).

Given recent interest in possible greenhouse gas-induced climate change, Working Group
VIII (Influence of Environmental Changes on Climate) has become particularly useful to the
scientific communities of both nations. Among its many achievements, Working Group VIII has
been instrumental in the exchange of climatological information between the principal climate data
centers of each country [i.e., the National Climatic Data Center (NCDC) in Asheville, North
Carolina, and the Research Institute of Hydrometeorological Information in Obninsk, Russia].
Considering the relative lack of climate records previously available for the USSR, data obtained
via this bilateral exchange are particularly valuable to researchers outside the former Soviet Union.

To expedite the dissemination of these data, NOAA's Climate and Global Change Program
funded the Carbon Dioxide Information Analysis Center (CDIAC) and NCDC to distribute one
of the more useful archives acquired through this exchange: a 223-station daily data set covering
the period 1881-1989. This data set contains: (1) daily mean, minimum, and maximum
temperature data; (2) daily precipitation data; (3) station inventory information (WMO Ne., name,
coordinates, and elevation); (4) station history information (station relocation and rain gauge
replacement dates); and (5) quality assurance information (i.c., flag codes that were assigned as
a result of various data checks). The data set is available, free of charge, as a Numeric Data
Package (NDP) from CDIAC. The NDP consists of 18 data files and a printed document, which
describes both the data files and the 223-station network in detail.

Keywords: Mean temperature; maximum temperature; minimum temperature; precipitation; daily
data; USSR; former Soviet Union.
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PE3IOME

Pasypaes, B. H., E. T. Anasosa, P. A. Mapryranos. 1993. CyTounnle JaHHBlE 0
TEMNEpaType BO3MYXa H CYMMe oOcamkoB mo 223 craHuumsm CCCP. OPHIIJIIAM-56,
IIJ-040. UenTp Amanusa Hndopmanuu no Yrnexucnomy Tasy, OKpMIXcKas
HauuonansHas Jla6oparopus, Ok Puax, TeRueccH. 127 cTP.

23 Man 1972 roma Coegunennbie Iltater AMepuxe M CoseTckuli CoO03 32ICTIOUAIN
ABYCTOPOHHHH IOTOBOp, M3BECTHbIA Kak “COrnalleHWe O COTPYIHHYECTBE B OGIACTH OxpaHul
Oxpyxarowen Cpennl™. OcHOBHOM LedLIO BOrOBOPA, KOTOPLIA OCTAeTCH B CHIE HECMOTPA Ha
pacnag CCCP, fBnseTcs CONeHCTBHE CBA3AM MEXIY OBYMS CTPaHAMH BO MHOPOYHMCHEHHRIX AKLIUAX
no oxpaHe Okpyxaiome#t Cpennl. B Hacrosiuee BpeMs IOrosop CnocobCTBYET COBMECTHBIM
HCCIIENOBAHHAM MO KpaviHeHd Mepe B 11-TH “PaGouux I'pynmax” (T.e., 065acTAX M3y4eHHs). _

B pesynbTaTe nposRBIEHHOr0 MHTepeca K BOSMOXKHOCTH H3MeHEeHHH KIMMATa OO0 BIHAHHEM
aTMOcepHbIX Trasos, PaGouas Tpynna VII (BnusiHMe HaMeHeHHH Oxpyxarouiest Cpennl Ha
KnuMar) sansina oco60 BaXHOE MECTO B HAYYHON chepe oberx cTpaH. Cpel¥ MHOTOYHCIEHHDLIX
RocTHXeHHA Paboyas Tpynma VII MrpaeT BaXHY0 poab B O6MeHe K.IHMATOMOTMYECKOMR
HHDOPMAIIHEN MeXIy HeKTPaMH KTHMATHYECKHX MAaHHBIX 00eHX cTpaH {a WMenHo: HanmoHanLHbl
Heutp Kummatuuecknx [amubx (HIIK[) B Awswunme, Cesepnas Kaponuua, u Hayuso-
Hccnenoratenpcknit  MHCTHTYT [HApPOMETEODOIOrHYecKOM Nudopmaum B  OBHHHCKe,
Poccus].Ilpunumas BO BHHMaHMe OTHOCHTENILHYH) HEeXBATKY B KIWMaTHYECKHMX IAHHBIX,
nmoxyvyeHHsx paHee M3 CCCP, maHHble, MOJydYeHHBIE ¢ TIOMOLILIO HOrOBOpa O JOBYCTOPOHHEM
o6MeHe, 0c060 UEHHBI NS Y4eHBIX 3a NpefenaMH 6biBlero CoBeTcKoro Cowosa.

AN YCKOPEHHS pacTipOCTPaHEHHA STHX TaHHLIX, HauonanbHas AIMHAHHCTPALNS 110 H3YUCHHIO
Okeana u Atmocdepel (HAOA) B pamkax Hay4YHO-HCCIEeNOBATENECKON NPOrpaMMEI IO H3YYEHHIO
TnobaneHbix  HameHeHun Knumara npuHsna pelienue ¢unaHcupoBats Llentp Ananuaa
Hudopmaiun no Yrnekucaomy Tasy (LLAHU) u HUKI, mns anamnd3za ¥ mOy6rMKaumud HauGolee
[ONE3HOr0 apxHBa JNAHHLIX, NPHOGDPETEHHOTrC BCleOCTBHe OOMeHa: CYTOMHBIE JaHHbIE To 233
METCOPONOTrHYeCKUM CTaHLMAM, OXBaTbiBaoluue Itepron ¢ 1881 no 1989 romel. DrTe nanubie
comepxar: (1) cyToyHbie H3MeDPEHHS CpefHEd, MEHHMARLHON M MaKCHMATBHON TeMmnepatyp; (2)
CYTOUHbIE NAHHBIC O CYMMe Ccalikon; (3) mogpobHas HHOPMALIMI O KaXTOH CTAHIMH (MMO No.,
HadBaHKe, KOOPIMHATBl M BBICOTA HAal YPOBHEM MOps);, (4) wucTOpMyueckas MHMDOPMALMH
(nepeMeuleHHe CTaHUMH MW [OaTa NEPECTAHOBKH ocagKomepa); (5) MHPOPMALIHA O KauecTBe
HaHHBIX (T.e., KOIBI Ka4eCTBa HIIOPMAIIHHY, KOTOPbIe HCNOIb30BANHCE KAK PE3yNbTAT pasIMuHBIX
NpOBEPOK MaHHEIX). JlaHHBIe MOXKHO 3aKas’aTh GecnuaTHo B BMue IlakeTa LHudpoBex Jaunerx
(ITUO) uepes LIAM. TTLO cocrouT u3 18-Tm $afnoB M Hanme4yaTaHHOI0 IOKYMEeHTa, KOTOPIH
HOXPOGHO ONHCLIBAET KaK (haMbl JAHHLIX, TAK H uHdopMainio 0 223 cTaHuMgx.

Kmwouennie cmora: Cpeqiisis  TeMmmepaTypa; MaKCHMalIbLHAS TEeMIIEPATYpPa; MHUHHMAIBHAA
TeMIIEPATYpa; OCaOKH; cyTounbie fanHele,; CCCP; 6niiunit CoreTckuil Cowoa.
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OVERVIEW






1. BACKGROUND INFORMATION

On May 23, 1972, the United States and the Union of Soviet Socialist Republics (USSR)
established a bilateral initiative known as the Agreement on Protection of the Environment
(Tatusko 1990). The primary goal of the initiative, which remains active despite the breakup of
the USSR, is to promote cooperation between the two countries (Russia and the United States)
On numerous environmental protection issues. Currently, the agreement fosters joint research in
at least 11 "Working Groups” (i.e., areas of study), including:

1. Prevention of Air Pollution

I1.  Prevention of Pollution Effects on Vegetation

HI.  Prevention of Pollution Associated with Agricultural Production
IV, Enhancement of the Urban Environment

V. Protection of Nature and the Organization of Preserves

VI.  Protection of the Marine Environment from Pollution

VIL. Biological and Genetic Effects of Environmental Pollution

VIIL. Influence of Environmental Changes on Climate

IX. Earthquake Prediction

X.  Arctic and Subarctic Ecological Systems

XI. Legal and Administrative Measures for Protecting Environmental Quality

Given recent interest in possible greenhouse gas-induced climate change, Working Group
VIIT has become particularly useful to the scientific communities of both nations. Since its
inception in 1972, Working Group VIII has been the primary conduit through which numerous
cooperative studies of climate have been carried out. Its focus has evolved considerably through
time and currently is quite broad, ranging from climate change, atmospheric composition, and
stratospheric ozone to radiation fluxes, cloud climatology, and climate modeling.

Among its achievements, Working Group VIII has established the Climate Data Exchange
and Management Agreecment Project. The purpose of this ongoing project is to promote the
transfer of climatological information between the principal climate data centers in each country
[i.e., the National Oceanic and Atmospheric Administration’s National Climatic Data Center
(NCDC) in Asheville, North Carolina, and the Research Institute of Hydrometeorological
Information (RIHMI) in Obninsk, Russia]. A considerable amount of data has been exchanged
as a result of this project. Some of the land-surface data received by NCDC to date include:

daily temperature and precipitation data collected at 223 USSR stations (1881-1989)
3-hourly synoptic data collected at 223 USSR stations (1966-86)

6-hourly synoptic data collected at 223 USSR stations (1936-65)

monthly temperature data collected at 243 USSR stations (1891-1988)

oooo

The exchange of climatic data such as these will probably continue in the coming years.
Acquisitions anticipated by NCDC in the near future include data for additional stations and
updates for previously supplied stations.

Considering the relative lack of climate records previously available for the USSR, data
obtained via the bilateral exchange are particularly valuable to researchers outside the former
Soviet Union. To expedite the dissemination of these data, this Numeric Data Package (NDP)
presents one of the more useful archives that can be applied to the study of climate change and
variability in the USSR: the 223-station daily temperature/precipitation data set.



2. DESCRIPTION OF THE DATA SET

The data set documented in this NDP contains daily temperature and precipitation
measurements collected at 223 USSR stations over the period 1881-1989. It was compiled from
digital and manuscript records archived at RIHMI in Obninsk, Russia. This section describes:

O the meteorological, geographical, and historical variables contained in the data set;
O the methods and instruments used in collecting the meteorological observations; and
O the temporal! and spatial coverage of the station network.

2.1 Variables

Daily mean, minimmum, and maximum temperatures are available (to the nearest tenth of a
degree Celsius) for each station. Temperature observations were taken eight times a day from
196689, four times a day from 193665, and three times a day from 1881-1935. Daily mean
temperature is defined as the average of all observations for each calendar day. Daily
maximum/minimum temperatures are derived from maximum/minimum thermmometer
measurements. To identify potentially erroneous data, two flag codes accompany each daily
value; see pages 13 and 34 for information about these flags.

Daily precipitation totals are also available (10 the nearest tenth of a millimeter) for each
station. Throughout the record, daily precipitation is defined as the total amount of precipitation
recorded during a 24-h period, snowfall being converted to a liquid total by melting the snow in
the gauge. From 1936 on, rain gauges were checked several times each day; the cumulative total
of all observations during a calendar day was presumably used as the daily total. Wetting
corrections €0.2 mm were applied beginning in 1966, depending upon the type and amount of
precipitation. As with temperature, two data quality flags accompany each daily total.

Extensive geographical and historical information supplements each time series. This
"metadata” is available to the user in digital form (as numeric data files) and in printed form (as
Appendixes A and B). Geographical parameters include current station name, latitude, longitude,
and elevation. Historical parameters inciude station relocation date(s), the distance and direction
of any such move(s}, and the date on which the station switched to the Tretyakov-type rain gauge.
Only 32 stations remained at their initial locations through 1989, and all stations switched 1o the
Tretyakov-type gauge during the period 1946-60.

2.2 Recording Methods and Instrumentation

Recording methods and instrumentation varied considerably over the period of record. The
following describes the types of instruments used throughout the network, the apparatus employed
to shelter these instruments, and the times at which observations were taken. Temperature and
precipitation are addressed separately. Additional information regarding the history of the network
is contained in publications and instruction manuals prepared by the Academy of Sciences of the
Russian Empire (1892, 1893, 1894, 1896, 1897, 1898, 1900, 1902, 1908, 1912), The Nicholas
Main Physical Observatory {1915), The Voyeikov Main Geophysical Observatory (1928, 1931,
1963), the Central Administration of the Unified Hydrometeorological Service of the USSR (1935,
1936, 1939, 1940), the Council of Ministers of the USSR (1946, 1954, 1958, 1962, 1969, 1985),
and Gidrometeoizdat (1972).



Temperature

The types of thermometers in use at each station remained the same throughout the period
of record (Table 1). Minimum temperature was consistently measured with an alcohol
thermometer, whereas hourly and maximum temperatures were each collected with separate
mercury thermometers.  When the air temperature approached the freezing point of mercury
(-38.9°C), either an alcohol thermometer, or in some cases a minimum thermometer alcohol
column, was used in place of the mercury thermometer. Whether or not {much less when) the
thermometers themselves were replaced at each station is not currently known.

The type of shelter or screen surrounding the thermometers varied considerably before 1930.
In 1912, official instructions recommended sheltering thermometers with the Stevenson-type screen
(before 1912, no such guidelines existed). However, it is likely that this change was not
implemented at many stations. From 1920-30, Stevenson screens were replaced with the current
screens (name unknown) at all operating stations. In 1928, additional guidelines regarding the
exact dimensions of the shelters and their mounting heights were issued (before 1928, no such
specifications had been defined). Therefore, from 1930 on, most stations had their thermometers
sheltered in roughly the same fashion.

Major changes in the time of observation occurred in 1936 and 1966. Prior to 1936, "hourly"
measurements for computing daily mean temperature were taken at 0700, 1300, and 2100 Local
Mean Time (LMT) (minimum and maximum thermometers were checked at one of these hours
or at 0900 LMT, depending upon the year). Because of the lack of nighttime observations, daily
mean temperature was probably overestimated by some location-dependent amount during this
period. Beginning in 1936, all thermometers (hourly, minimum, and maximum) were checked at
0100, 0700, 1300, and 1900 LMT at most stations. As a result, the bias in daily mean
temperature dropped to ~0.2°C. From 1966-present, all thermometers were checked at 3-h
intervals beginning at midnight Moscow winter Legal Time (MLT) (MLT being thrze hours later
than Greenwich Mean Time). This rendered the bias in daily mean temperature insignificant.

Precipitation

The type of rain gauge used at each station changed at least once during the period of record
(Table 2}. In particular, the old-style gauge (type unknown) was replaced with the Tretyakov-type
gauge over the period 1946-60 (scc Appendix B for the date of implementation at each site).
Whether or not other gauge replacements occurred at each station is not currently known,

The type of shielding surrounding the rain gauges varied considerably over time. For
example, in 1883, official instructions recommended that cross-shaped zinc strips be inserted into
the gauge to prevent snow from drifting. Other shielding guidelines were issued at various times
over the next half-century, up until the Tretyakov-type gauge was introduced. However, whether
or not (much less when) any of the shields were installed at each station is not currently known,

Changes in the time of observation occurred in 1936, 1966, and 1986. Before 1936, rainfall
was measured only at 0700 LMT. From 1936-65, gauges were checked at 0700 and 1900 LMT.
Beginning in 1966, the time of observation became time-zone dependent (the USSR being
comprised of 11 time zones). In particular, from 1966-85, readings were taken at 0300, 0900,
1500, and 2100 MLT in zone 2 (i.e., Moscow); at 0300, 0600, 1500, and 1800 MLT in zones 3-5;
at 0300 and 1500 MLT in zones 6-8: at midnight, 0300, 1200, and 1500 MLT in zones 9—11: and
at 2100, 0300, 0900, and 1500 MLT in zone 12 (the easternmost part of the USSR). In 1986, the
0300 and 1500 MLT observations were discontinued in all but the second time zone,



Table 1. Temperature recording methods and instrumentation

Year Recording method/instrumentation implemented -

1881 Measurements for computing daily mean temperature taken at 0700,
1300, and 2100 LMT; mercury thermometer used; because of lack of
nighttime ohservations, daily mean temperature probably overstated.

1881 Daily minimum temperature thermometer checked at 0900 LMT;
alcohol thermometer used.

1881 Daily maximum temperature thermometer checked at 0900 LMT;
mercury thermometer used.

1881 No regulations regarding type of shelter surrounding thermometers.

1883 Daily minimum temperature thermometer checked at 0700 and 2100
LMT (lower value chosen); multiple measurements taken only to
determine approximate time of occurrence of minimum.

1891 Daily maximum temperature thermometer checked at 1300 and 2100
LMT (higher value chosen); multiple measurements taken only to
determine approximate time of occurrence of maximum.

1912 Official meteorological instructions recommended use of Stevenson screen
to shelter thermometers; practice not implemented at all stations.

1920 Official meteorological instructions recommended use of current screen
to shelter thermometers; practice implemented over next ten years.

1928 Official meteorological instructions specified exact size/height of screens.

1936 Measurements for computing daily mean temperature taken at 0100,
0700, 1300, and 1900 LMT (or at 0700, 1300, 1900, and 2100 LMT);
bias in daily mean temperature dropped to ~0.2°C; daily maximum and
minimum thermometers may or may not have been checked each hour,

1966 Measurements for all temperature variables collected at 3-h intervals
beginning at midnight MLT; bias in daily mean temperature eliminated.




Table 2. Precipitation recording methods and instrumentation

Year Recording method/instrumentation implemented

1881 Rain gauge measurements taken at 0700 LMT; snowfall convarted
to a liquid total by melting snow in gauge; type of gauge and shielding
not standardized.

1883 Official meteorclogical instructions recommended that cross-shaped zinc
strips be inserted into the gauge to prevent snow from drifting; change
probably not implemented at all stations.

1887 Official meteorological instructions recommended surrounding the gauge
with the funnel-shaped Nifer’s shield; change probably not implemented
at all stations.

1892 Official meteorological instructions recommended erecting a fence around

the gauge; change probably not implemented at all stations.

1902 Official meteorological instructions recommended erecting a double fence
around the gauge; change probably not implemented at all stations,

1936 Rain gauge measurements taken at 0700 and 1900 LMT; daily total
rainfall obtained by summing all measurements for the calendar day.
1946- Old-style gauge (exact type unknown) replaced with the Tretyakov-type
1960 gauge (see Appendix B for the date of implementation at each site).
1966 Rain gauge measurements taken at 0300, 0900, 1500, and 2100 MLT in

time zone 2; at 0300, 0600, 1500, and 1800 MLT in zones 3-5; at 0300
and 1500 MLT in zones 6-8; at midnight, 0300, 1200, and 1500 MLT
in zones 9-11; and at 2100, 0300, 0900, and 1500 MLT in zone 12;
wetling corrections <0.2 mm applied to each hourly measuremant
(Because four observations per day were collected at stations in time
zones 2-5 and 9-12, four corrections were counted in the daily total;
therefore, total daily corrections are higher for stations in these areas.)

1986 Rain gauge measurements at 0300 and 1500 MLT discontinued at all
: stations except those in time zone 2.




2.3 Temporal and Spatial Coverage

The size of the observing network has increased with time (Fig. 1). Twenty-three sites
contain daily measurements dating to 1881 (though for 76 stations, maximum and/or minimum
temperature observations began several years after mean temperature and precipitation). Aside
from the period 1914-21 (i.e., during World War I, the Russian Revolution, and the Civil War),
the number of stations rose at a relatively constant rate over the next half-century. The largest
change in the network occurred in 1936, when an additional 65 observing posts were opened.
Thereafter, only modest additions are evident, all stations collecting data by 1966 and only five
(Adamovka, Vereb’e, Oktiabr’skaya, Rostov-na-Donu, and Surgut) closing before 1989.

As the number of operational stations increased, spatial coverage improved. The distribution
of posts early in the record, for example, is biased (Fig. 2). In fact, most stations were located
in population centers west of the Ural mountains and at ports along the Black and Caspian seas,
whereas vast tracts of Siberia were entirely unsampled. Spatial coverage was much more
representative of the country for the mid-1930s, with the exception of certain areas east of the
Urals and north of the Arctic Circle (Fig. 3). From a practical standpoint, the data set can
probably be used to study long-term climate variations over the entire USSR for the period
1936-89. The density of stations, as well as their spatial distribution, was even better by 1985
(Fig. 4). Except for areas along the coast of the Arctic Ocean, most of the country was extremely
well-sampled. In general, however, Arctic regions in the eastern part of the country are somewhat
underrepresented throughout the record.

The amount of missing data varies from element to element and station to station.
Typically, the records of minimum/mean temperature are more complete than those of maximum
temperature and rainfall. Most stations (30%) have at least 50 years of data for each parameter.

250
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Figure 1. Observing network as a function of time. Twenty-three sites recorded daily
measurements as early as 1881. The network evolved at a slow and mostly steady rate until 1936,

when 65 stations were opened. Only modest changes occurred thereafter; all posts were in
operation by 1966 and only five were closed before 1989.
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3. DATA PROBLEMS IDENTIFIED BY CDIAC

An important part of the NDP process at the Carbon Dioxide Information Analysis Center
(CDIAC) involves the quality assurance (QA) of data before distribution. Data received at
CDIAC are rarely in a condition that would permit immediate distribution, regardless of the
source. To guarantee data of the highest possible quality, CDIAC conducts extensive QA reviews.
Reviews involve examining the data for completeness, reasonableness, and accuracy. Although
they have common objectives, these reviews are tailored to each data set, often requiring extensive
programming efforts. In short, the QA process is a critical component in the value-added concept
of supplying accurate, usable data for researchers. The following summarizes the QA checks
performed by CDIAC.

The Russian data set compilers also conducted extensive manual and automated QA
assessments. Although the archive was in fairly good condition upon its arrival at CDIAC, three
important data quality problems were identified as a result of our QA checks:

O incomplete metadata (particularly station history information) for 202 stations,
O suspect data values and flag codes for all stations, and
D extensive data problems for 25 stations.

3.1 Incomplete Metadata

Metadata (i.e., station inventory/history information) was supplied to CDIAC on three 5.25-in
floppy diskettes. Upon arrival, all files on these diskettes were checked for gross data processing
problems (e.g., truncation of lines) and corruptions that might have been introduced in transport
(e.g., unreadable characters). No problems of this variety were detected.

CDIAC then assessed the accuracy of all station inventory parameters (i.e., WMO Nos.,
station names, coordinates, and eclevations). This was accomplished by comparing each post’s
station inventory information with the official parameters given for that station in the latest version
of WMO Publication No. 9, Vol. A, a document that contains station inventory information for
all WMO posts. Through this comparison, the WMO Nos., station names, coordinates, and
elevations for 221 of the 223 stations were verified. However, stations 26188 (Vereb’e) and
35133 (Adamovka) had no matching entries in WMO Vol. A. The accuracy of the station
inventory information for these sites thus could not be corroborated. :

Station history parameters (i.e., station relocations and rain gauge replacements) were also
checked for reasonableness. Three minor problems were noted: (1) the presence of bogus dates
such as 31 September; (2) the nonchronological sorting of entries; and, most important {3) the lack
of information for some stations. After consulting with the data set compilers, all such problems
were resolved. However, it should be noted that many station relocation dates and rain gauge
replacement dates are only listed as a year or year/month rather than a year/month/day.

3.2 Suspect Data Values and Flag Codes

CDIAC received the daily data set in two shipments, the first containing data for the period
1881-1986 and the second extending the record through 1989, As with the metadata files, several
general checks were first performed to identify any pervasive data processing problems and to
verify that the files had not been corrupted in transport. No problems of this type were identified.

12



Subsequently, all WMO Nos. were cross-referenced with the official list of stations provided by
the Russian data set compilers. As a result, it was determined that station number 34731 (Rostov-
na-Donu) was incorrectly listed as 34734 for the years 1987--88; the station number was corrected
on all relevant lines. Finally, the values of year and month were checked for reasonableness and
proper sorting. No year, month, or sorting problems were detected.

CDIAC then examined the actual daily data values for reasonableness. In particular,
minimum, mean, and maximum temperature on each day were compared to verify that the
minimum was less than or equal to the mean and that the mean was less than or equal to the
maximum. For 4544 days scattered over 220 stations, this relationship was violated. To alert the
user to these cases, CDIAC flagged all such occurrences in the data set (for details about CDIAC-
assigned flags, see the FLAGB variable description on page 34). Extreme value checks were
applied to identify negative rainfall totals and temperatures that exceeded known world-record
values (i.e., temperatures below -73°C or above 58°C). As a result, 230 minimum and 13
maximum temperature observations were flagged as suspect. Precipitation totals above 500 mm
were also checked for reasonableness, though none were flagged as problematic. Finally, each
time series was plotted and visually inspected for values that were anomalous but that did not
exceed the aforementioned thresholds (Fig. 5). To screen out seasonal effects, z-scores (i.e.,
standardized deviations from the long-term monthly mean) were also graphed. Consequently,
another 572 minimum, 373 mean, and 346 maximum temperature values were flagged as suspect.

The daily flag codes assigned by the Russian data set compilers were also checked for
validity. ~ Seventeen observations were annotated with undocumented codes. Given the
infrequency of these unspecified flags, all 17 observations were set to "missing." In addition, 293
minimum, 311 mean, and 997 maximum temperature observations had "missing value" flag codes,
yet none of the values had been set to missing. The validity of these observations is uncertain.

20
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Figure 5. Minimum temperature record at Ostrov Vrangelja. Through a visual

inspection of the plotted time series, the presence of several anomalously low temperature values

early in the record was noted. In general, visual quality assurance checks identified suspect
observations in a number of time series.
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3.3 Extensive Data Problems

As described earlier, each time series was plotted and visually inspected for errors. As a
result, extensive data problems were identified for 13 sites. For example, station 24966 (Ust’-
Maja) has numerous mean temperature observations <-40 °C through most of its record, but none
prior to 1902 (Fig. 6). Given the pervasive nature of these findings, no individual values were
flagged as suspect; rather, an inventory of problematic stations was constructed (Table 3).

Thirteen stations also contain large gaps early in the record for some variables. For example,
the archive for station 29866 (Minusinsk) begins in eamest in 1905, though a few observations
are available as carly as 1901. CDIAC did not flag individual values to indicate these gaps;
rather, the following inventory of stations with data gaps was prepared:

» Reboly (22602): all variables = Borzja (30965): maximum temperature

+ Kirov (27196): maximum temperature + Brest (33008); mean/maximum temperature
+ Barabinsk (29612); maximum temperature  + Celinograd (35188): maximum temperature
+ Minusinsk (29866): all variables « Uil (35416): maximum temperature

+ Cita (30758): maximum temperature « Leninakin (37686): maximum temperature

+ Ulan-ude (30823); maximum temperature « Termez (38927): all variables
+ Kjahta (30925): maximum temperature

It should also be noted that changes in station location, instrumentation, and time of
observation may have introduced other inhomogeneities (ones undetectable by plotting) on each
series. Methods for identifying such discontinuities are given in Potter (1981), Alexandersson
(1986), Karl and Williams (1987), Gullet et al. (1991), and Peterson and Easterling (1993).

40
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Figure 6. Mean temperature record at Ust’-Maja. Through a visual inspection of the

time series, it was noted that no values of less than -40 °C were recorded at the site prior to 1902.

Visual quality assurance checks such as this identified 25 time series with extensive data quality
problems.
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Table 3. Inventory of stations with extensive data problems

WMO No.

Description of data problem and approximate time of occurrence

24266

24641

24944

24959

24966

25551

26406

30823

31510

36177

37472

38895

38954

From 1895-1920, there are few maximum temperature values greater
than -36°C,; thereafter, numerous values are greater than -36°C.

From 1900-1930, there are few maximum temperature values greater
than -36°C; thereafter, numerous values are greater than -36°C.

From 1900-1930, there are few maximum temperature values greater
than -36°C; thereafter, numerous values are greater than -36°C.

From 1888-1927, there are few maximum temperature values greater
than -36°C; thereafter, numerous values are greater than -36°C.

From 1897-1901, there are few mean temperature values less than
-40°C; thereafter, numerous values are less than -40°C.

From 1894-1898, there are few minimum, mean, and maximum
temperature values less than -40°C; thereafter, numerous
values are less than -40°C.

From 1881-1886, numerous precipitation totals are equal to 0;
thereafter, far fewer values are equal to 0.

In 1896, several precipitation totals are anomalously large.

In 1928, several minimum temperature values are anomalously high.

From 1918-1921, many precipitation totals are only recorded to the
nearest millimeter.

From 1898-1911, many minimum temperatures are only recorded to
the nearest degree Celsius. '

In 1889, many maximum temperature values are anomalously high.

In 1910, several precipitation totals are anomalously large.

15




4. HOW TO OBTAIN THE DATA FILES

This data base is available in machine-readable form, on request, from CDIAC without
charge. CDIAC will also distribute subsets of the data base as needed. It can be acquired on two
O-track magnetic tapes or from CDIAC’s anonymous FTP area (see FTP address below).
However, because of space constraints, it will not be distributed on floppy diskette. Requests
should include any specific tape instructions (i.e., 1600 or 6250 BP1, labeled or nonlabeled, ASCII
or EBCDIC characters, and variable- or fixed-length records) required by the user to access the
data. Requests not accompanied by specific instructions will be filled on 9-track, 6250 BPI,
standard-labeled tapes with EBCDIC characters. Requests should be addressed to:

Carbon Dioxide Information Analysis Center
Oak Ridge National Laboratory

Post Office Box 2008

Oak Ridge, Tennessece 37831-6335

U.S.A
Telephone: +1 (615) 574-0390
Fax: +1 (615) 574-2232

Electronic Mail: BITNET: CDP@ORNLSTC
INTERNET: CDP@STC10.CTD.ORNL.GOV
OMNET: CDIAC

The data files can be also acquired via FTP from CDIAC’s anonymous FTP account:

» FTP to CDIAC.ESD.ORNL.GCV (128.219.24.36)

« Enter "ftp" as the userid

« Enter your electronic mail address as the password (e.g., "rtv@ornlstc")
» Change to the directory "pub/ndp040”

+ Acquire the files using the FTP "get" command

16
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PART 2

CONTENT AND FORMAT OF DATA FILES






6. FILE DESCRIPTIONS

This section describes the content and format of each of the 18 files that comprise this NDP
(Table 4). Because CDIAC distributes the data set in two ways (i.e., via anonymous FTP and on
two 9-track magnetic tapes), each of the 18 files is referenced by both an ASCII file name, which
is given in lower-case, bold-faced type (c.g., readme) and a tape file number (e.g., File 1, Tape
1). The files and their contents include the following:

O readme (File 1, Tape 1), a detailed description of both the 223-station network and the
18 data files;

O inventory.for (File 2, Tape 1), a FORTRAN data retrieval routine to read
station.inventory (File 8, Tape 1);

O history.for (File 3, Tape 1), a FORTRAN data retrieval routine to read station.history
(File 9, Tape 1);

O datafor (File 4, Tape 1), a FORTRAN data retrieval rtoutine to read
ussrl.data—ussr9.data (Files 10-15, Tape 1 and Files 1-3, Tape 2);

O inventory.sas (File 5, Tape 1), a SAS® data retrieval routine to read station.inventory
(File 8, Tape 1);

O history.sas (File 6, Tape 1), a SAS® data retrieval routine to read station.history (File
9, Tape 1);

O datasas (File 7, Tape 1), a SAS® data retrieval routine to read ussrl.data—ussr9.data
(Files 10-15, Tape 1 and Files 1-3, Tape 2);

O station.inventory (File 8, Tape 1), a listing of station location information and period
of record statistics (by variable) for each of the 223 stations;

O station.history (File 9, Tape 1), a listing of rain gauge replacement dates and station
relocation data for each of the 223 stations; and

O ussrl.data-ussr9.data (Files 10-15, Tape 1 and Files 1-3, Tape 2), a listing of daily
temperature and precipitation data for the 223 stations (25 stations per file).

The remainder of this section describes (or lists, where appropriate) the contents of each of the
18 files. The files are discussed in the order in which they appear on the magnetic tapes,
readme (File 1, Tape 1)

This file contains a detailed description of both the data set and the 18 data files. It is
intended to serve as a digital version of Sects. 1-7 of this printed document (figures excluded).

It exists primarily for the benefit of individuals who acquire the data files from CDIAC’s
anonymous FTP area.
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Table 4. Content, size, and format of data files

File number, name?®,
and description

Logical
records

ETP file
size in K?

Tape file
size in K°

Block
size’

Record
length®

. readme:

a detailed description
of both the 223-station network
and the 18 data files

. inventory.for:

a FORTRAN data retrieval
routine to read
station.inventory

(File 8, Tape 1)

. history.for:

a FORTRAN data retrieval
routine to read
station.history

(File 9, Tape 1)

. data.for:

a FORTRAN data retrieval
routine to read
ussrl.data-ussr9.data
(Files 10-15, Tape 1

and Files -3, Tape 2)

. inventory.sas;

a SAS?® data retrieval
routine to read
station.inventory
(File 8, Tape 1)

history.sas:

a SAS® data retrieval
routine to read
station.history

(File 9, Tape 1)

. data.sas:

a SAS® data retrieval
roufine to read
ussrl.data—ussr9.data
(Files 10-15, Tape 1
and Files 1-3, Tape 2)

1,200

17

14

20

10

14

Tape !

22

54.6

0.6

0.4

0.6

03

0.2

04

038

1.3

1.1

1.6

08

0.6

1.1

8,000

8,000

8,000

8,000

8,000

8,000

3,000

80

80

80

80

80

80

80



Table 4 (continued)

File number, name®
and description

Logical
records

FTP file

size in K?

Tape file
size in K¢

Block
size’

Record
length®

10.

11.

12,

13.

14,

15.

station.inventory:

contains station location
information and period of
record statistics (by variable)
for each of the 223 stations

station.history:

contains rain gauge
replacement dates and
station relocation data

for each of the 223 stations

ussrl.data:

contains daily temperature
and precipitation data for
stations 2067423804

ussr2.data:

contains daily temperature
and precipitation data for
stations 23849-25744

ussri.data:

contains daily temperature
and precipitation data for
stations 25913-28064

ussrd.data:

contains daily temperature
and precipitation data for
stations 28138-30230

ussr.data:

contains daily temperature
and precipitation data for
stations 30253-31532

ussré.data:

contains daily temperature
and precipitation data for
stations 31594-33837

Tape I (continued)

223

310

74,672

74,456

79,908

83,107

81,450

73,585

23

213

229

18,972.5

18,855.2

20,3054

21,098.0

20,6358

18,662.8

21.8

27.7

19,688.9

19,632.0

21,069.5

21,9130

21,476.1

19,4023

10,000

10,500

6,750

6,750

6,750

6,750

6,750

6,750

100

35

270

270

270

270

270

270



Table 4 (continued)

File number, name®, Logical FTP file Tape file Block Record

and description records size in K®  size in K° size’ length®
Tape 2

1. ussr7.data: 80,354 20,391.7 21,187.1 6,750 270

contains daily temperature
and precipitation data for
stations 33889-35188

2. ussr8.data: 79,700 20,191.8 21,0146 6,750 270
contains daily temperature
and precipitation data for
stations 35229-37549

3. ussr9.data: 76,073 19,245.6 20,058.3 6,750 270
contains daily temperature
and precipitation data for
stations 3768638987

Total (both tapes) 705,621 178.460.1  185,591.6

aAll file names are printed in lower-case, bold-faced type (e.g., readme).

bFile size in kilobytes. Applies only to files in CDIAC’s anonymous FTP area. All such ﬁles have
variable-length records.

“File size in kilobytes. Applies only to files on magnetic tape. All such files have fixed-length records.
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inventory.for (File 2, Tape 1)

This file contains a FORTRAN data retrieval routine to read station.inventory (File 8, Tape
1). The following is a listing of this program. For additional information regarding variable
definitions and format statements, please sec the file description for station.inventory on pages
28-29,

FORTRAN data retrieval routine to read the file named
“station.inventory” (File 8, Tape 1).

C
C
C
C Unit 1 is input.
C Unit 6 (terminal) i1s output.
C
INTEGER WMO, MINTFYR, MIDTFYR, MAXTFYR, PRCPFYR, LYR
REAL LAT, LON, ELEV, MINTMISS, MIDTMISS, MAXTMISS, PRCPMISS
CHARACTER NAME*25
OPEN (UNIT=1, FILE='gtation.inventory’)
10 READ (1, 1, END=99) WMO, NAME, LAT, LON, ELEV, MINTFYR, MINTMISS,
*MIDTFYR, MIDTMISS, MAXTFYR, MAXTMISS, PRCPFYR, PRCPMISS, LYR
1 PORMAT (15, 1X, A25, 1X, F5.2, 1X, P7.2, 1X, P6.1, 1Xx,
*4(I4, 1X, P4.1, 1X), I4)
GO TO 10
99 sTOP
END

history.for (File 3, Tape 1)

This file contains a FORTRAN data retrieval routine to read station.history (File 9, Tape
1). The following is a listing of this program. For additional information regarding variable
definitions and format statements, please see the file description for station.history on pages
30-31.

C FORTRAN data retrieval routine to read the file namad
C "gtation.history" (File 9, Tape 1).

o

C Unit 1 is input.

C Unit 6 (terminal) is ocutput.,

c

INTEGER WMO, YEAR, MONTH, DAY
CHARACTER TYPE*4, DIST*2, DIRECT*3
OPEN (UNIT=1, FILE='station.history’)
10 READ (1, 1, END=9%) WMO, TYPE, YEAR, MONTH, DAY, DIST, DIRECT
1 FPORMAT (IS5, 1X, A4, 1X, I4, 1x, 12, 1X, I2, 1X, A2, 1X, A3)
GO TO 10
99 sSTOP
END
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data.for (File 4, Tape 1)

This file contains a FORTRAN data retrieval routine to read ussrl.data— ussr9.data (Files
10-15, Tape 1 and Files 1-3, Tape 2). The following is a listing of this program. For additional
information regarding variable definitions and format statements, please see the file description
for ussrl.data—ussr9.data on pages 32-33.

FORTRAN data retrieval routine to read the files named
nygsr*.data" (Fliles 10-15, Tape 1 and Flles 1-3, Tape 1)

Unit 1 1s input.
Unit 6 (terminal) 1ls ocutput.

aoaoann

INTEGER WMO, YEAR, MONTH, DAY, NOBS, DATA(31l)
CHARACTER TYPE*4, FLAGA(31)*1, FLAGB(31)*1
OPEN (UNIT=1, FILE='ussr*.data’)

10 DO DAY = 1, 31

DATA (DAY) = 9999

FLAGA(DAY) = ‘9’

FLAGB(DAY) = 'S’

END DO
READ (1, 1, END=99) WMO, TYPE, YEAR, MONTH, NOBS,
* (DAY, DATA(DAY), FLAGA(DAY), FLAGB(DAY), I = 1, NOBS)
1 PORMAT (I5, A4, I4, I2, I2, 31(I2, I4. Al, Al))
GO TO 10
89 STOF
END

inventory.sas (File 5, Tape 1)

This file contains a SAS® data retrieval routine to read statien.inventory (File 8, Tape 1).
The following is a listing of this program. For additional information regarding variable
definitions and format statements, please see the file description for station.inventory on pages
28-29.

* gaS data retrieval routine to read the file named;

* wgration.inventory" (Flle 8, Tape 1).;

*;

DATA INVENTRY;

INFILE ‘station.inventory’;

INPUT WMO 1-5 NAME § 7-31 LAT 33-37 LON 39-45 ELEV 47-52
MINTFYR 54-57 MINTMISS 59-62 MIDTFYR 64-67 MIDTMISS 69-72
MAXTFYR 74-77 MAXTMISS 79-82 PRCPFYR 84-87 PRCPMISS 89-92
LYR 94-97; .

RUN;
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history.sas (File 6, Tape 1)

This file contains a SAS® data retrieval routine to read station.history (File 9, Tape 1). The
following is a listing of this program. For additional information regarding variable definitions
and format statements, please see the file description for station.histery on pages 30-31.

* SAS data retrieval routine to read the fille named;

* “gtation.history" (File 9, Tape 1).:;

*;

DATA HISTORY;

INFILE ‘station.history’;

INPUT WMO 1-5 TYPE $§ 7-10 YEAR 12-15 MONTH 17-18 DAY 20-21
DIST § 23-24 DIRECT § 26-28;

RUN;

data.sas (File 7, Tape 1)

This file contains a SAS® data retrieval routine to read ussrl.data-ussr9.data {(Files 10-15,
Tape 1 and Files 1-3, Tape 2). The following is a listing of this program. For additional
information regarding variable definitions and format statements, please see the file description
for ussrl.data—ussr9.data on pages 32-35.

* SAS data retrieval routine to read the files named;
* "ugssr*.sas" (Flles 10-15, Tape 1 and Files 1-3, Tape 2).;
*;
DATA DAILY;
LENGTH FLAGAl-FLAGA31l FLAGBl-FLAGB31 § 1;
ARRAY DATA(31);
ARRAY PLAGA(31) §;
ARRAY FLAGB(31) §;
INFILE ‘ussr*.data’ lrecl=266;
INPUT WMO 5. TYPE $CHAR4. YEAR 4. MONTH 2. NOBRS 2. @;
DO I = 1 TO NOBS;
INPUT DAY 2. DATA(DAY) 4. FLAGA{DAY) $CHAR1. FLAGB(DAY) $CHAR1l. @;
END;
RUN;
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station.inventory (File 8, Tape 1)

This file provides station location information and period of record statistics for each of the
223 stations. There is one entry for each station; consequently, the file has 223 lines. Each line
contains a station’s WMO No., name, latitude, longitude, and elevation, as well as the first/last
year of record and percentage of data missing for each variable. The file is sorted by WMO No.
and variable type and can be read by using the following FORTRAN code (contained in
inventory.for, which is File 2 on Tape 1):

FORTRAN data retrieval routine to read the flle named
"gtation.inventory" (File 8, Tape 1).

Unit 1 is input.
Unit 6 (terminal) is ocutput.

aQaonoaa

INTEGER WMO, MINTFYR, MIDTFYR, MAXTFYR, PRCPFYR, LYR
REAL LAT, LON, ELEV, MINTMISS, MIDTMISS, MAXTMISS, PRCPMISS
CHARACTER NAME*25
OPEN (UNIT=1l, FILE='station.inventory’)
10 READ (1, 1, END=99) WMO, NAME, LAT, LON, ELEV, MINTFYR, MINTMISS,
*MIDTFYR, MIDTMISS, MAXTFYR, MAXTMISS, PRCPFYR, PRCPMISS, LYR
1 FORMAT (IS5, 1X, A25, 1X, F5.2, 1x, F7.2, 1X, F6.1, 1X,
*4 (T4, 1x, F4.1, 1X), I4)
GO TO 10
99 STOP
END

This file can also be read by using the following SAS® code (contained in inventory.sas, which
is File 5 on Tape 1):

* gAS data retrieval routine to read the file named;

* vgtation.inventory" (File 8, Tape 1).;

* .

DATA INVENTRY;

INPILE ’‘station.inventory’;

INPUT WMO 1-5 NAME § 7-31 LAT 33-37 LON 39-45 ELEV 47-52
MINTFYR 54-57 MINTMISS 59-62 MIDTFYR 64-67 MIDTMISS 69-72
MAXTFYR 74-77 MAXTMISS 79-82 PRCPFYR 84-87 PRCPMISS 89-92
LYR 94-97;

RUN;

Stated in tabular form, the contents include the following:

Variable Variable Starting Ending
Variable type width - column column
WMO Numeric 5 1 5
NAME Character 25 7 3
LAT Numeric 5 33 37
LON Numeric 7 39 45
ELEV Numeric 6 47 52

28



Variable Variable Starting Ending
Variable type width column column
MINTFYR Numeric 4 54 57
MINTMISS Numeric 4 59 62
MIDTFYR Numeric 4 64 67
MIDTMISS Numeric 4 69 72
MAXTFYR Numeric 4 74 77
MAXTMISS Numeric 4 79 82
PRCPFYR Numeric 4 84 87
PRCPMISS Numeric 4 89 92
LYR Numeric 4 94 97
where
WMO is the WMO No. of the station.
NAME is the name of the station,
LAT is the latitude of the station (in decimal degrees).
LON is the longitude of the station (in decimal degrees). Stations in the Western

Hemisphere have negative longitudes.
ELEV is the elevation of the station (in meters). Missing elevations are coded as
-9999,

MINTFYR is the first year in which minimum tcmpefature (MINTFYR), mean temperature
MIDTFYR (MIDTFYR), maximum temperature (MAXTFYR), or precipitation (PRCPFYR)
MAXTFYR data are available at this station.
PRCPFYR
MINTMISS is the percentage of minimum temperature (MINTMISS), mean temperature
MIDTMISS (MIDTMISS), maximum temperature (MAXTMISS), or precipitation
MAXTMISS {PRCPMISS) data that are missing at this station.
PRCPMISS
LYR is the last year in which data are available for all variables at this station.
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station.history (File 9, Tape 1)

This file provides rain gauge replacement dates and station relocation dates for each station.
There are two types of entries for each station. One type contains the station's WMO No. and
rain gauge replacement date. The other type contains the station’s WMO No. and a relocation
date, distance, and direction. The file is sorted by WMO No., year, month, and day and can be
read by using the following FORTRAN code (contained in history.for, which is File 3 on Tape

1)

C FORTRAN data retrieval routine to read the file named
C v"gtation.history" (Flle 9, Tape 1).

c

C Unit 1 is input.

C Unit 6 (terminal) 1s output.

cC

INTEGER WMO, YEAR, MONTH, DAY
CHARACTER TYPE*4, DIST*2, DIRECT*3
OPEN (UNIT=1, FILE='station.history’)

10 READ (1, 1, END=99) WMO, TYPE, YEAR, MONTH, DAY, DIST,

1 PORMAT (I5, 1iX, A4, 1X, 14, 1X, I2, 1X, I2, 1X, AZ,
GO TO 10
95 STOP
END

1X,

DIRECT

A3)

This file can also be read by using the following SAS® code (contained in history.sas, which is

File 6 on Tape 1):

* SAS data retrieval routine to read the file named;

* wgration.history" (File 9, Tape 1l).;

*;

DATA HISTORY;

INFILE ‘station.history’:

INPUT WMO 1-5 TYPE § 7-10 YEAR 12-15 MONTH 17-18 DAY 20-21
DIST § 23-24 DIRECT § 26-28;

RUN;

Stated in tabular form, the contents include the following:

Variable Variable Starting Ending
Variable type width column column
WMO Numeric 5 1 5
TYPE Character 4 7 10
YEAR Numeric 4 12 15
MONTH Numeric 2 17 18
DAY Numeri¢ 2 20 21
DIST Character 2 23 24
DIRECT Character 3 26 28
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where

WMO

TYPE

MONTH

DAY

DIST

DIRECT

is the WMO No. of the station.

is the type of change indicated by this entry. The possible values of TYPE are
as follows:

RAIN = rain gauge replacement (i.e., change from old-type gauge to
Tretyakov-type gauge). Each station will have only one RAIN entry,
In this type of entry, DIST and DIRECT (described below) are not
relevant and thus are coded as blanks.

MOVE = station relocation. Each station will have at least one MOVE entry.
If a station moved on more than one occasion, then separate entries
are included for each relocation. If a station never moved, then that
station will have only one MOVE entry; in this entry, YEAR,
MONTH, DAY, DIST, and DIRECT (described below) are all coded
as missing. In other words, if a station has only one MOVE entry,
and if all variables in that MOVE entry are coded as missing, then
the given station never moved.

is the year in which the change took place. Missing years are coded as -999.
is the month in which the change took place. Missing months are coded as -9.
is the day on which the change took place. Missing days are coded as -9.

is the distance (in kilometers) that the station was moved. Missing distances
are coded as -9. A distance of zero indicates that the station moved less than
one kilometer. DIST only applies to station relocation entries (i.e., lines in
which TYPE = MOVE). In rain gauge replacement entries (i.c., lines in which
TYPE = RAIN), DIST is not relevant and thus is coded as blanks.

is the direction in which the station was moved (e.g., N = north, SE =
southeast). Missing directions are coded as -99. DIRECT only applies to
station relocation entries (i.e., lines in which TYPE = MOVE). In rain gauge
replacement entries (i.e., lines in which TYPE RAIN), DIRECT is not relevant
and thus is coded as blanks.
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ussrl.data—ussr9.data (Files 10-15, Tape 1 and Files 1-3, Tape 2)

These files contain the daily temperature and precipitation values for each of the 223
stations. Each file consists of a block of 25 stations (except ussr9.data, which only has 23). The
range of WMO numbers associated with each file is as follows:

File name; WMO No. Range

ussrl.data 20674-23804
ussr2.data 23849-25744
ussr3.data 25913-28064
ussrd.data 28138-30230
ussrS.data 30253-31532
ussr6.data 31594-33837
ussr7.data 33880-35188
ussr8.data 35229-37549
ussr9.data 3768638087

Each logical record in these files contains one month of data for a given variable. In particular,
each line consists of a WMO No., a flag indicating the type of variable (i.c., minimum, mean,
maximum temperature, or precipitation), the year and month of the record, a tally of the number
of days (n) with data, and n daily values with their respective flag codes. To conserve space, only
days with nonmissing values are included in each record. Likewise, if no data are available for
a particular month, then there is no entry for that month in the data file. Because only days with
nonmissing values are contained in the data base, the record length of the file varies from line to
line. In addition, a given day of the month can fall within a different set of columns from one
line to the next. The files are sorted by WMO No., variable type, year, and month and can be
read by using the following FORTRAN code (contained in data.for, which is File 4 on Tape 1):

C PORTRAN data retrieval routine to read the files named
¢ "uasr*.data” (Files 10-15, Tape 1 and Files 1-3, Tape 2)
C
C Unit 1 is input.
C Unit 6 (terminal) is output.
C
INTEGER WMO, YEAR, MONTH, DAY, NOBS, DATA(31)
CHARACTER TYPE*4, FLAGA(31)*1l, FLAGB(31)}*1
OPEN (UNIT=1l, FPILE='usgsar®*.data’)
10 DO DAY = 1, 31
DATA{DAY) = 9999
FLAGA(DAY) = "9’
FLAGB{DAY) = %'
END DO '
READ (1, 1, END=99} WMO, TYPE, YEAR, MONTH, NOBS,
* (DAY, DATA(DAY), PFLAGA(DAY), FLAGB(DAY), I =1, NOBS)
1 FORMAT (IS5, A4, I4, I2, I2, 31(12, I4&, Al, Al))
GO TO 10
9% STOP
END
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These files can also be read by using the following SAS® code (contained in data.sas, which
is File 7 on Tape 1):

* SAS data retrieval routine to read the files named;
* "ugsr*.sas" (Files 10-15, Tape 1 and Files 1-3, Tape 2).;
* o
DATA DAILY;
LENGTH FLAGAl-FLAGA31l FLAGB1-FLAGB31 § 1;
ARRAY DATA(31);
ARRAY FLAGA(31) §;
ARRAY FLAGB(31) §$;
INFILE ’'ussr*.data’ lrecl=266;
INPUT WMO 5. TYPE $CHARA. YEAR 4. MONTH 2. NOBS 2. @&;
DO I = 1 TO NOBS;
INPUT DAY 2. DATA(DAY) 4. FLAGA(DAY) $CHARLl. FLAGCB(DAY) SCHARl. @;
END;
RUN;

Stated in tabular form, the contents include the following:

Variable Variable Starting Ending
Variable type width column column
WMO Numeric 5 1 5
TYPE Character 4 6 9
YEAR ' Numeric 4 10 13
MONTH Numeric 2 14 15
NOBS Numeric 2 16 17
DAY(1-31) Numeric 2 N/A N/A
DATA(1-31) Numeric 4 N/A N/A
FLAGA(1-31) Character 1 N/A N/A
FLAGB(1-31) Character 1 N/A N/A

The variables contained in ussrl.data-ussr9.data have the following definitions:
WMO is the WMO No. of the station.
TYPE is the variable type. The possible values of TYPE are as follows:
TMIN = minimum temperature (tenths of °C);
TMAX = maximum temperature (tenths of °C);
mean temperature (tenths of °C); and

PRCP = precipitation (tenths of millimeters).

YEAR is the year of the data record.
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MONTH

NOBS

DAY
DATA(1-31)

FLAGA(1-31)

FLLAGB(1-31)

is the month of the data record.

is the number of days in the month that have nonmissing data values. Days
with missing vatues are NOT included in the data files.

is the day of the month.
are the daily data values.

are daily quality codes that were assigned by the Russian data set compilers.
The codes and their meanings are as follows:

0 = the value is assumed to be reliable,

2 the value is doubtful (beyond the set limit), and

4 = the value is rejected (Note: According to the documentation supplied by
the Russian data set compilers, all values with a FLAGA code of 4
should have been set to missing because the meteorological observation
was never carried out in the first place. However, 292 minimum
temperature values, 311 mean temperature values, and 997 maximum
temperature values had FLAGA codes of 4. The validity of these values
is unknown).

are daily quality codes specific to the type of variable. For minimum,
maximum, and mean temperature, these flags were assigned by CDIAC based
upon the findings of various visual and digital quality assurance checks (sce
page 13 for additional information about how these flags were assigned). The
codes and their meanings are as follows:

0 = the temperature value is assumed to be reliable, and

3 = the temperature value is suspect. The value might have been flagged as
suspect for two reasons: (1) it appeared to be extreme according to digital
or visual quality assurance checks, or (2) the relationship between
minimum, mean, and maximum temperature (i.e., MINT < MIDT <
MAXT) was violated.

For precipitation, these flags were assigned by the Russian data set compilers.
The codes and their meanings are as follows:

5

a rainfall totai >0.1 mm (though CDIAC determined that some
observations after 1986 were in fact 0);

6 = a multiple-day rainfall total;

7 a rainfall total of 0 (i.e., no precipitation recorded); and

8 = arainfall total <0.1 mm. Note that in these cases the actual rainfall total
is coded as O (i.e., DATA = 0).
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The following is a sampie line to illustrate the format of ussrl.data-ussr9.data (the letter

"b" denotes a blank space):

Column:

Data:

2

3 4

12345678901234567690123456789012345678%01

38987PRCP198912b3bdbbb205b6b2780515bb4605

In this sample line:

Record

Position Contents Variable Meaning

1-5 38987 WMO Line contains data for station 38987.
6-9 PRCP TYPE Line contains precipitation data.
10-13 1989 YEAR Line contains data for 1989,

14-15 12 MONTH Line contains data for December.
16-17 b3 NOBS Three days in the month have data.
18-19 b4 DAY Fourth day of the month,

20-23 bbb2 DATA(4) 0.2 mm of rainfall.

24 0 FLAGA(4) Value is assumed to be reliable.

25 5 FLAGB(4) Rainfall total >0.1 mm.

26-27 b6 DAY Sixth day of the month.

28-31 b278 DATA(6) 27.8 mm of rainfall,

32 0 FLAGA(6) Value is assumed to be reliable.

33 5 FLAGB(6) Rainfall total > 0.1 mm,

34-35 15 DAY Fifteenth day of month.

36-39 bb46 DATA(15) 4.6 mm of rainfall, ‘

40 0 FLAGAC(15) Value is assumed to be reliable.

4] 5 FLAGB(15) Rainfall total > 0.1 mm.

* Note lack of data for days 1-3 [i.e., DATA(1--3), FLAGA(1-3), and FLAGB(1-3) are missing].

Note lack of data for day 5 [i.e., DATA(S), FLAGA(S), and FLAGB(S) are missing].

» Note lack of data for days 7-14 [i.e., DATA(7-14), FLAGA(7-14), and FLAGB(7-14) are

missing].
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7. VERIFICATION OF DATA TRANSPORT

The data files contained in this Numeric Data Package can be read by using the FORTRAN
or SAS® data retrieval programs provided. Users should verify that the data have been correctly
transported to their systems by visually examining each data file. To facilitate the visual
inspection process, partial listings of each data file are provided in Tables 5-15. Each of these
tables contains the first and last five lines of a data file.
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Table 5. Partial listing of "station.inventory"
(File 8, Tape 1)

First five lines of the file:

20674 OBTROV DIKSON

.2 1936 1.6 1989
20851 HATANGA

.2 1928 10.6 1989
21946 COKURDAH

.6 1944 4.6 1989
21982 OSTRQV VRANGELJA
.6 1926 3.9 198%
22113 MURMANSK

.3 1936 1.3 198%

Last five lines of the file:

38927 TERMEZ

-8 1927 21.0 1989
38933 KURGAN-TJUBE
.2 1936 4.3 1589
38354 HOROG

.1 1898 19.0 1989
38974 SERAHS

.0 1936 6.1 1989
38987 KUSKA

.9 1904 12.5 1989

73.50
71.98
70.62
70.97
68.97

37.23
17.82
37.50
36.53

35.28

80.40
102.47
147.88

-178.37

33.05

67.27
6€8.78
71.50
61.22

62,35

42.0

308.0
427.0
2077.0
275.0

625.0

1936
1329
1944
1526
1936

1527
1936
1910
193¢

1504

19.7

25.0

12.2

1936
1928
1544
1926

1936

1827
1936
1898
1936

1904

0.2

1936 0O
1929 7
1544 1
1926 1
1836 0
1827 17
1836 0
1910 25
1936 2
1904 12
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Table 6. Partial listing of "station.history"
(File 9, Tape 1)

First five lines of the file:

20674 MOVE 1938 -9 -9 0 -89
20674 PRCP 1953 3 2
20674 MOVE 1960 -9 -9 O -99
208%1 MOVE 1951 1 12 1 SsW
20891 PRCP 1953 12 1

Last five lines of the file:

38987 MOVE 1904 4 -5 -9 -93
38987 MOVE 1910 -9 -9 -9 -9%
38987 MOVE 1913 8 -9 -9 -98%
38987 MOVE 1927 5 -9 -8 -99
38987 PRCP 1953 1 4
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Table 7. Partial listing of "ussrl.data"
(File 10, Tape 1}

First five lines of the file:

20674TMIN1936 131 1-28000 2-24500 3-31000 4-23000 5-27300 6-24900 7-31800 8-3160
0 9-3120010-3430011-3750012-3360013-2190014-2180015-3270016-3250017-3220018-3590
019-3820020-3950021-4410022-4590023-4600024-4540025-4490026-4240027-3960028-4130
029-4150030-3890031-35400

20674 TMID1S36 131 1-24900 2-22800 3-19500 4-19800 5-23200 6-22200 7-27700 B-2780
0 9-2630010-2980011-3540012-2560013-1900014-1660015-2960016-27306017-2900018-3310
019-3580020-3560021-4240022-4530023-4400024-4440025-4330026-3890027-3710028-4020
029-3860030-3330031-31000

20674TMAX1936 131 1-20400 2-21100 3-14600 4-14800 5-20500 6-20500 7-23600 8-2330
0 9-2450010-2460011-3340012-2130013-1560014-1160015-2130016-2410017-2410018-3050
019-3250020-3360021-3900022-4410023-4280024-4280025-4240026-3630027-3540028-3880
029-3710030-2980031-27800

20674PRCP1936 131 1} Q07 2 1905 3 007 4 007 5 1105 6 007 7 007 8 00
79 10510 30511 Q0712 00713 10514 30515 00716 00717 00718 oo
719 00720 50521 00722 00723 00724 00725 00726 Q0727 00728 00
729 00730 110531 605 ,
20674TMIN1936 229 1-32600 2-35100 3-34600 4-34700 5-32800 6-35300 7-36700 6-3780
0 9-4190010-4240011-3920012-3860013-3360014-3780015-3780016-3240017-2030018-2340C
019-2450020-2050021-1730022-2100023-2310024-2030025-2350026-2690027-2750028-2780
029-273900

Last five lines of the file:

23804PRCP16891123 1 00S 4 005 5 205 7 505 9 00510 50511 00512 30
513 170514 30515 660516 160517 280518 00520 00521 320522 80523 40
524 1400525 210526 00529 00530 505

23804 TMIN19891231 1-29800 2-10200 3 -8600 4-11300 5-21500 6-22600 7-20500 B-1670
0 9-1650010-2280011-3010012-2750013-2790014~1710015-1010016-1420017-2210018-2060
019-2020020-1750021 -260022 -760023 -810024-1900025-1910026-2170027-1870028 -100
029 -460030 -370031 -4600

23B804TMID15891231 1-22100 2 -6300 3 -4600 4 -4600 5-17800 6-21200 7-18500 8-1570
0 9-1390010-1800011-2710012-2590013-2110014-1300015 -900016-1120017-1990018-1570
019-1740020 -780021 00022 -480023 -620024-1300025-1520026-1630027 -720028 00
029 -270030 -270031 -3600

23804TMAX19891231 1-10100 2 -3500 3 -500 4 -900 5-11000 6-18300 7-16000 8-1410
0 9-1230010-1320011-2270012-2480013-1620014 -980015 ~720016 -960017-1400018-1100
019-1250020 -250021 80022 -60023 -330024 -330025-1090026 -920027 -90028 40
029 -20030 -180031 -2100

23804PRCP19891231 1 2505 2 4105 3 3705 4 8005 5 305 6 005 7 005 8 150
5% 70510 30511 00512 00513 190514 210515 420516 480517 00518 180
519 00520 330521 920522 70523 260524 00525 140526 00527 460528 100
529 30530 240531 705
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Table 8. Partial listing of "ussr2.data"
(File 11, Tape 1)

First five lines of the file:

23849TMID1884112110-2610011-1710012-1030013-1400014 -450015 -300016 -840017 -960
018 -660019 -410020 -500021 -320022 -730023 -690024-1210025-1400026-2310027-1820
028-1250029-1530030-21800

23B49PRCP1884112110 00711 00712 270513 90514 40515 00716 70517 150
5186 00719 00720 290521 30522 00723 10524 20525 110526 00727 00
728 60529 00730 007

23649TMID186841231 1-16200 2-10000 3-17000 4-12700 5-15400 6-13500 7-21400 8 -640
0 9 -350010-1570011 -480012 -700013-2910014-1710015 -850016 -960017-1190018-1810
019-3040020-2400021-2570022-32B0023-2060024-2200025-1890026 -950027 -980028 -510
029 -9100230 -890031-28400

23849PRCP18841231 1 007 2 605 3 007 4 705 5 205 6 6405 7 007 8 630
5 9 130510 470511 110512 00712 00714 00715 50516 00717 350518 oo
719 00720 200521 00722 00723 200524 100525 00726 210527 oc728 00
729 120530 00731 007

23849 TMID18B5 131 1-38200 2-48200 3-43900 4-45600 5-43900 6-44400 7-47600 8-4640
0 9-4790010-4540011-3820012-2410013-2650014-4390015-4040016-3470017-3350018-2890
019-2070020-2620021-1540022-1010023-1620024~2020025-3970026-3790027-4020028-3550
029-1550030-1620031-17200

Last five lines of the file:

25744PRCP19B91116 1 005 4 7705 5 005 9 00510 230511 260513 70514 50
515 380519 90520 90521 80522 00523 70524 00530 1705

25744 TMIN19891231 1-18000 2-12800 3-13400 4-15900 5-30100 6-31100 7-20100 8-1020
0 9-1050010-1360011-1420012-1520013-1550014-2810015-3380016-3260017-3310018-2630
019-2570020-2640021-2420022-2140023-2760024-3520025-3720026-3950027-4000028-4040
029-3890030-3380031-30100

25744 TMID19691231 1-15200 2 -9700 3-10400 4-16600 5-26100 6-25200 7-10300 8 -670
0 9 -780010-1100011 -900012-1490013-1510014-2320015-3160016-2790017-2670018-2250
019-2350020—2280021-2230022-1740023*2190024—3090025—3550026-3720027-3780028-3840
029-3460030-3050031-26300

25744TMAX19891231 1-11300 2 -7800 3 -7600 4-10500 5-17900 6-20000 7 -5400 8 -460
0 9 -460010 -920011 -650012-1190013-1450014-1510015-26680016-2480017-2390018-1980
019-2110020-2010021-2110022-1440023-1620024-2480025-3440026-2790027-3584028-3614
029-3090030-2670031-21600

25744PRCP15891212 1 3105 2 8705 3 205 4 005 6 505 7 4%05 8 005 9 50
510 70511 go518 20519 005
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Table 9. Partial listing of "ussr3.data"
(File 12, Tape 1)

First five lines of the file:

25913TMINIS36 131 1-11200 2-11100 3 -8200 4-12100 5-18100 6-21500 7-26800 B-2440
0 $-2480010-2060011-2390012-2490013-2140014-2340015-1590016-1220017 -310018 -B20
019—1390020-2080021-2290022—2290023-1870024~1970025—2420026-2530027-2760028-2520
029-1400030-1560031-17400

25913TMID1936 131 1-10600 2 -7400 3 -6600 4 -9700 5-15400 6-17000 7-23700 8-2170
0 9-2200010-1820011-2110012-2110013-1840014-1800015-1260016 -430017 -260018 -480
019—1000020-1600021-2170022-1890023-1670024-1780025-2020026—2260027v2460028—1660
029-1210030-1350031-16000

45913TMAX1936 131 1 -9800 2 -4000 3 -4000 4 -7900 5-11100 6-12800 7-20400 B-1890
¢ 9-1960010-1700011-1830012-16890013-1530014-1350015-1100016 -100017 -100018 -250
019 -650020 -750021-2020022-1610023-1470024-1580025-1690026-2010027-2160028-1150
029-1090030 -980031-13600

25313PRCP1936 131 1 2705 2 305 3 105 4 605 5 007 6 007 7 Q07 8 00
79 00710 00711 00712 00713 00714 Q0715 00716 00717 00718 00
719 00720 00721 00722 00723 00724 00725 00726 00727 00728 00
729 00730 00731 007

25913TMIN1S36 229 1-16500 2-13600 3-11700 4 -7100 5 -9600 6-13600 7-15600 B-1820
0 $-1790010-1680011-1120012-1460013-1740014-1960015-1670016-2120017-2270018-2220
018-1920020-1310021-1160022-1310023-1610024~1420025-1910026-1280027 -840028 -800
029-11100

Last five lines of the file:

2B0G4PRCP15891120 1 205 § 005 7 00510 00511 30512 00513 30514 40
515 60516 00517 30518 30520 20521 470522 460523 130524 1060526 140
527 70528 505

28064 TMIN19891231 1-24000 2-24600 3-16300 4-14000 5 -5300 6-14600 7-21300 8-2500
0 9-1950010-2030011-2810012-2560013-3170014-2360015-2530016-1510017-1200018-2010
019-1790020-1750021-1430022 -940023-1160024-1150025-1700026-1350027-2010028-1950
029-2970030~1710031-13400 :
28064TMID19891231 1-1B400 2-16000 3-12900 4 -8B00 5 -2000 6 -65400 7-19000 8-2240
0 9-1660010-1850011-2570012-2320013-2810014-1990015-1990016-1070017 -420018-1710
019-1010020-1410021-1240022 -590023 -860024 -800025-1420026-1090027-1730026-1560
029-2400030 -780031 -9500

28064 TMAX19851231 1-16000 2-11800 3 -9100 4 -5200 5 -300 6 -2600 7-14500 B-1940
0 5-1410010-1770011-2020012-2050013-2350014-1820015-1480016 -330017 20018-1190
019 -730020-1070021 -930022 -480023 -480024 -560025-1030026 -750027-1380026-1350
025-1710030 -320031 -4000

2B064PRCP19891224 1 1605 2 405 3 205 4 2305 5 1505 & 2505 7 30510 180
511 00512 440514 30516 300517 160519 180521 00522 310523 00524 310
526 450527 260528 160529 50530 360531 005

41



Table 10. Partial listing of "ussr4.data"
(File 13, Tape 1)

First five lines of the file:

28138TMID1688 725 7
015 1970016 1830017
025 1140026 1630027
2B813BPRCP18B8 731 1
78 00710 70511
518 00720 670521
729 00730 00731
28138TMID1888 831 1
¢ 9 1450010 1170011
019 1080020 1220021
029 1270030 1010031
28138PRCP16888 831 1
79 00710 00711
718 00720 00721
729 00730 00731
28138TMID16888 930 1
¢ 9 1300010 550011
01% 440020 470021
629 100030 -900

22000 8
1700018
1730028
007 2
00712
960522
007
21800 2
1310012
1300022
14300
007 2
00712
00722
007
14600 2
680012
250022

Last five lines of the file:

30230PRCP19891125 1
5 9% 250510 00511
520 340521 150522

1005 2
00512
30525

24900 9
1420019
1680029
007 3
00713
130523

18100 3
1510013
1940023

007 3
00713
00723

15800 3
780013
400023

005 3
20513
ap526

2620010
1530020
1720030
007 4
00714
00724

15000 4
1130014
1520024

007 4
00714
00724

16000 4
970014
430024

005 4
50514
30527

2700011
1540021
1660031
007 5
00715
00725

16200 5
1350015
990025

007 5
007158
00725

15400 5
960015
100025

005 5
30515
00530

1870012

1430022

17600
007 6
00716
00726

14100 6
1050016
1090026

007 6
00716
00726

13500 6
1070016
530026

005 6
90516
005

1540013
1480023

1005 7
20517
00727

17200 7
820017
760027

007 7
00717
00727

11400 7
1210017
760027

505 7
170518

1600014
1260024

007 8
1760518
00728

19200 8
960018
520028

007 8
00718
00728

15100 8
810018
490028

405 8
430519

1650
1200

co
6090
090
15%0
1080
990
oo
oo

1150
580

1190
30

30230TMIN1O691231 1-16600 2-34000 3-33100 4-36000 5-31900 6-17500 7-24600 8-2080
0 9-2010010-2770011-35590012-2690013-27B0014-2190015-2820016-4040017-4500018-3760
019-2630020-3070021-2300022-3200023-3920024-4280025-4270026-3160027-3210028-3650

029-3330030-2690031-

34300

40230TMID1989123]1 1-11000 2-28100 3-29800 4-32000 5-22200 6-12900 7-17500 8-1080
0 9-1180010-1790011-3010012-2070013-1340014-1250015-2470016-3420017-4030018-2130
019-2110020-23200021-1110022-2750023-3540024-3990025-3830026-2220027-2180028-3150

029-2830030-2020031-

24700

30230TMAX19891231 1 -3500 2-16000 3-24400 4-27800 5-15600 6 -8300 7 -7300 B8 -620
0 9 -520010-1160011-2280012 -980013
019 -810020-1920021 -520022-1570023-3050024-3690025-3120026-1830027-1320028-2600

029-2460030-1270031~

30230PRCP19891226 1
510 60511 00512
521 100522 30523

16700
005 3
270513
00525

205 4
220514
70526

-50014

005 5
00515
70527

60015-2190016-2430017-3600018 -830

2105 6
50516
90530

1105 7
20518
60531

1005 86
110519
Q05

Q05 9
00520

170
30

42



Table 11. Partial listing of "ussr5.data"
(File 14, Tape 1)

First five lines of the file:

30253TMIN1936 131 1-29300 2-32700 3-45200 4-44800 5-46100 6-47000 7-48700 8-4260
0 9-2930010-2850011-2830012-3170013-3270014-3790015-4190016-3820017-4340018-4310
019-4B50020-4650021-4840022-4360023-4580024-4590025-4590026-4790027-4370028-4190
025-4730030-4680031-47500

30253TMID1S36 131 1-27500 2-26500 3-42500 4-39800 5-43B00 6-44500 7-44400 B-3170
0 9-2400010-2340011-2440012-2860013-3030014-3340015-3720016-3350017-3860018-3910
019-4520020-4440021-4550022-3830023~-3930024-4270025-4200026-4200027-3650026-3430
029-4360030-4550031-44100

30253PRCP1936 131 1 1205 2 805 1 007 4 705 & 105 6 205 7 105 8 150
5 % 200510 210511 70512 70513 70514 30515 50516 210517 ooels 50
519 00720 00721 00722 20523 00724 00725 00726 00727 90528 10
529 30530 00731 007

30253TMIN1S36 229 1-48500 2-50100 3-48900 4-42200 5-39700 6-40200 7-39500 8-3260
0 9-3970010-2580011-2680012-1650013-2220014-3870015-4120016-3150017-3610018-3790
019-4300020-4450021-4460022-4440023-4380024-4310025-4250026-2780027-3150026-2940
028-24900

30253TMID1936 229 1-44B00 2-44500 3-43800 4-36100 5-34400 6-35400 7-33600 8-2640
0 §-3220010-1540011-1620012-1260013-1830014-3160015-3390016-2370017-2780018-3040
019-3650020-3700021-3700022-3700023-3570024-3560025-3440026-2330027-2370028-2340
029-20800

Last five lines of the file:

31532PRCP19891110 7 1305 8 160512 20513 Q0517 190518 905198 40521 20
522 00529 00S

31532TMINIS891231 1-22400 2-21600 3-21100 4-16500 5-24700 6-27600 7-31200 B-3260
0 9-3460010-3510011-3040012-3400013-3520014-3330015-2980016-2570017-3590018-4010
019-4080020—3950021-3350022-3650023—3420024—3340025—3200026-3360027-2360028-2520
029-1680030-2840031-30500

31532TMID15891231 1-18400 2-15200 3-15600 4-15400 5-20200 6-24200 7-27300 8-28B60
¢ 9—3030010-3110011-2590012-3010013-3130014-3060015—2640016-2170017—3150018—3590
019-3750020-3570021-3060022-3240023-3090024-3010025-2870026-2640027-1930028-1860
029-1500030-2360031-27500

31532TMAX19891231 1-10200 2 -5400 3 -8400 4-14100 5-15200 6-18B00 7-22400 B-2310
0 9-2530010-2550011-2090012-1460013-2700014—2520015—2080016-1770017-2330018-2960
019—3200020-3040021-2510022-2560023-2640024-23300'25—2270026-—2010027—1470023-1600
029-1180030-1630031-21800

31532PRCP198912 8 2 705 4 340515 00516 00527 570528 200529 100531 oQ
5

43



Table 12. Partial listing of "ussré.data”
(File 15, Tape 1)

First five lines of the file:

31594TMIN1S36 131 1-35000 2-38800 3-29300 4-32600 5-32800 6-32800 7-34300 8-3120
0 9-3580010-3470011-2580012-2500013-3160014-3760015-3340016-2550017-3160018-2990
019-2730020-2450021-2720022-3210023-3250024-3640025-3640026-3620027-35530028-3460
029-3180030-3350031-34700

31594 TMID1536 131 1-28200 2-30400 3-25200 4-27600 5-30700 6-30400 7-28900 B-2690
0 9-2980010-2680011-1700012-1870013-2590014-3050015-2780016-2300017-2660018-2450
019-2370020-1850021-1760022-2410023-2680024-2740025-2590026-2840027-2960028-2940
029-2770030-2940031-28200

31594TMAX1936 131 1-23800 2-23800 3-22800 4-23300 5-28300 6-26700 7-24400 B8-2230
0 9-2110010-2040011-1280012-1440013-1990014-2540015-2250016-2190017-2050018-2070
019-1970020-1430021-1350022-1590023-1980024-2110025-1850026-1940027-1960028-2480
029-2260030-2220031-22900

31594PRCP1936 131 1 oos8 2 007 3 205 4 305 5 1005 6 905 7 805 B 10
59 00710 00711 00812 160513 30514 00715 60516 60517 00718 10
519 20520 160521 oos22 00723 00724 00725 00726 00727 00728 10
529 20530 00731 007

31594 TMIN1S36 229 1-31700 2-30300 3-31200 4-33000 5-30000 6-20700 7-26900 8-1550
0 9-2340010-2680011-2780012-2840013-2710014-2600015-3100016-2850017-2300018-2680
019-2150020-2600021-3010022-2850023-2520024-3080025-2710026-3030027-3200028-3020
029-29800

Last five lines of the file:

33837PRCP19891117 1 Q05 5 305 8 005 9 00511 00512 10513 150516 130
517 190518 80519 00523 00524 00525 110526 00528 00529 005
33837TMIN19891231 1 -4400 2 -3800 3 -700 4 -2000 5 000 6 -4600 7 -2800 8 -310
0 9 -320010 -880011-1210012 -540013 -420014 330015 280016 510017 440018 760
019 520020 580021 230022 410023 110024 260025 30026 140027 160028 50
029 30030 80031 -2600

33837TMID19691221 1 -2400 2 -300 3 1400 4 2500 5 2000 6 -2000 7 1100 B -B0
0 9 -50010 -370011 -800012 -230013 30014 530015 620016 970017 B80018 1190
019 780020 850021 530022 570023 610024 590025 240026 210027 220028 140
029 80030 130031 -600

33837TMAX196891231 1 -600 2 2700 3 3700 4 9500 5 5900 6 1600 7 5200 8 430
0 9 290010 160011 -350012 180013 450014 910015 980016 1480017 1330018 1500
019 1110020 1370021 820022 950023 1200024 910025 420026 2320027 250028 230
029 150030 170031 1300

33837PRCP19691212 1 005 2 005 6 005 8 00510 00514 00524 130527 0o
528 230529 20530 00531 005




Table 13. Partial listing of "ussr7.data"
(File 1, Tape 2)

First five lines of the file:

33889TMID18661031 1 19800 2

0 % 760010 1340011 1450012
01% 1810020 1950021 2020022
028 380030 170031 3200
33889PRCP18861031 1 007 2
79 00710 40511 00712
71% 00720 00721 00722
729 00730 00731 007
33889TMID1B861130 1 2200 2
0 % 1160010 1300011 1420012
019 1080020 760021 500022
029 220030 2000
33989PRCP18861130 1 007 2
79 00710 00711 00712
718 00720 00721 540522
729 00730 007
338B9TMID18B61231 1 5800 2
¢ 9 780010 1030011 780012
019 1310020 1010021 1110022
029 400030 950031 10400

Last five lines of the file:

35188PRCP19891120 1 005 2
513 40514 00515 00518
529 50530 305

35188TMIN19891231 1 -1200 2
0 5-1910010-1610011-1250012
019 -550020 -170021 -500022
029 -900030-1000031-10500

35188TMID19891231 1 2000 2
0 9-1030010-1050011 -720012

019 -180020 -70021 -200022
029 -670030 -830031 -6100

35188TMAX19891231 1 4200 2
o9 50010 50011 -50012
019 00020 00021 00022

029 -600030 -670031 -4000

35188PRCP198B91230 1 1705 2
59 170510 40511 0512
520 580521 210522 20523
530 150531 705

8600 23
1360013
1750023

007 3
00713
70523

1100 3
1070013
540023

007 3
00713
480523

6000 3
290013
760023

2105 3
00519

10400 4 13000 5 15000 6 13500 7 14200 B

560

1240014 1190015 1290016 1130017 1460018 1690

1410024 1150025 700026
007 4 007 5 007 &
00714 00715 1120516
00724 00725 00726

4400 4 1000 5 4400 6
1100014 1330015 1350016
470024 340025 240026
007 4 007 5 007 6
00714 00715 00716
980524 00725 00726
12600 4 9900 5 12100 §
420014 380015 480016
500024 B30025 720026
1405 8 2005 9 30510
00521 190523 50524

410027 430028 340
007 7 007 8 00
90517 00718 0o
00727 00728 00

6400 7 10600 8 1250

940017 530018 930

320027 440028 20
007 7 007 8 00
00717 00718 00
00727 00728 ao

7100 7 3000 8 670

640017 900018 1050

450027 80028 80
20511 560512 90
00527 10528 10

-7400 3-12200 4-10000 5 -4400 6 -5000 7 -B600 B-1940
~750013-2020014-1690015 -880016-1610017-1730018 -850
-830023-1430024-1550025-13%0026-1640027-1640028-1510

-5500 3 -8500 4 -7000 5 -3200 6 -2700 7 -3800 B-1740
-180013-1540014 -930015 -310016-1320017-1190018 -610
-520023 -450024-1620025-1010026-1410027 -980028 -840

-1200 3
10013
-170023

005 3
30514
90524

-500 7 -300 8 -B6&O
-870017 -640018 -490

10024-1210025 -620026-1230027 -600028 -560

-4300 4 -3600 5 -1500 6
-720014 -310015 70016
005 4 205 5 005 6
60515 360516 20517
20525 170526 005627

2505 7 3005 8 00
00518 60519 60
150528 160529 60

45



Table 14, Partial listing of "ussr8.data"
(File 2, Tape 2)

First five lines of the file:

35229TMIN19041127 4

-500 5

-4000 6

-500 7-

11500 8

012 -500013-1500014-1770015 -5B0016-1340017-2170018-
022 -270023 -500024-1200025-1750026-2260027-2250028-

35229TMID19041129 1
010 -290011 -130012
020 50021 -140022
030 -200

35229TMAX19041127 4

-300 4

1000 5

80013 -430014 -710015 -390016
-640025-1220026-

5500 2 4200 3
-60023 -220024
7000 5 6000 6

11500 7

1500 8

012 500013 200014 -300015 -350016 -400017 -960018
00025 -550026-1040027
000 3 -2400 4-11700 5-
0 9 -170010-1020011-1370012-1420013-121¢014 -710015
019-1120020 -320021-2030022-2740023-2700024-2220025-

022 40023 300024
35229TMIN19041231 1

029-2420030-1770031-

35229TMID19041231 1

Q00 2

10000
1400 2

900 3

-800 4

09 50010 -650011—1080012-1030013 -610014
019 -570020 20021 -830022-2610023-1750024-1850025

029-1870030 -570031

-6900

Last five lines of the file:

37549PRCP198581115 1
519 00521 00526
37549TMIN18891231 1
09 10010 -50011
019 410020 360021
029 150030 -10031
37549TMID19651231 1
0 9 240010 190011
01% 870020 930021
029 500030 510031
37549TMAX19891231 1
0 9 580010 620011
019 1480020 1530021
029 1040030 1110031
37549PRCP1968912 6 1

150510
00527
2800 2
380012
440022
3000
4000 2
540012
870022
4600
5200 2
760012
1400022
7800
005 &

-740028

-6900 5-
~-630015

80511 2290512 1370513
2320528 300529 210530
500 3 -2800 4 -2400 5
40013 40014 -270015
700023 150024 -60025
2400 3 600 4 aoe 5
140013 250014 60015
B90023 400024 410025
4000 3 4400 4 4300 5
480013 630014 580015
1230023 760024 1080025
005 9 00511 90512

-5500 8 ~750010 -850011
1840015-1500020 -370021
1960029 -160030 -2600
2900 7 -6000 8 1700 9
-870017-1600018-1250019
1760027-1240028 -B6002%

4000 9

50010 150011

-900019 -250020 100021

-100029

150030 -100

15200 6-15200 7-18200 B-
-820016 -930017-1600018~
1620026 -610027-1420028-

11800 6-12300 7-12400 8
-760016 -830017-1070018-
-280026 -340027-1190028

270515
2605
1900 6

30517 30518

100 7 -1700 8

-340016 -370017 -130018

600026

3700 6
-10016
800026

6800 6
720016
1080026

1350513

210027 390028

2700 7 800 8
20017 480018
390027 470028

5800 7 4800 8
530017 1040018
640027 560028

2505

-600
~250

-380
-670C
60

400
100

1170
1640
1420

-270
1150
-490

1000

-450
580
270

-130
910
500

300
1430
830

46



Table 15. Partial listing of " ussr9.data"
(File 3, Tape 2)

First five lines of the file:

37686 TMINIBIS 930 1
0 9 1050010 580011
019 810020 810021
029 60030 600

376B6TMID1B95 930 1
0 5 1620010 1510011
019 1760020 1880021
029 1110030 12700

37686TMAX1695 930 1
0 9% 2440010 2360011
019 2650020 2640021
029 1940030 20400

37686PRCP1B95 930 1
78 00710 350511
719 00720 00721
729 00730 007

37686TMIN18951031 1
0% 710010 10011
019 -280020 -240021
029 -350030 -370031

1100 2
710012
950022

14800 2
1040012
1740022

24900 2
1550012
2390022

007 2
360512
00722

3600 2
150012
-440022
-1900

Last five lines of the file:

38987PRCP196B911 2 B
38987TMIN19B891231 1
0 % 500010 120011
018 230020 -40021
029 -50030 -150031
38987TMID198B91231 1
0 5 950010 780011
015 580020 490021
029 340030 580031
38987TMAX196891231 1
0 9 1750010 1850011
01% 1190020 1300021
025 880030 1660031
3B387PRCP198912 7 3

60517
9400 2
320012
-30022
4000

18000 2
1130012
460022
6800
27000 2
2150012
1250022
11900
Q05 4

1100 3
0013
1050023

15000 3
770013
1290023

24400 3
1510013
2250023

007 3
Q0713
330523

7500 3
250013
-290023

6505

4100 3
270013
-30023

9800 23
1120013
510023

24500 3
2310013
1350023

€05 6

5100 4
240014
850024

14500 4
900014
1670024

22900 4
2050014
2440024

007 4
00714
00724

7100 4
430014
-90024

4500 4
680014
60024

5800 4
1070014
640024

8100 4
1750014
1100024

2780515

4100 5
60015
510025

14000 5
1280015
1150025

21%00 5
2360015
1790025

007 5
00715
00725

6800 5
510015
-240025

5000 5
660015
590025

7300 5
1020015
690025

10500 5
1720015
500025

460516

9000 6
390016
840026

15200 6
1690016
1050026

21800 6
2290016
1990026

007 6
00716
00726

200 6
360016
00026

5800 6
690016
00026

12700 6
880016
660026

24500 6
1120016
1490026

520517

8100 7
580017
130027

15000 7
1690017
1030027

21500 7
2750017
1420027

007 7
00717
00727

1600 7
-440017
110027

5500 7
570017
40027

7800 7
730017
780027

14000 7
960017
1800027

400524

7600 8
730018
50028

14600 8
1800018
880028

20400 8
2740018
1650028

007 8
00718
00728

4400 8
260018
60028

6100 8
620018
260028

B500 8
780018
360028

12600 8
1350018
850028

505

710
840
20

1540
18950
960

2240
2540
1790

00
00
0o

950
-160
-230

460
180
330

730
720
450

1400
1400
740

47
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APPENDIX A

Station Inventories

This appendix contains nine tables that jointly list all station inventory information for
all stations. The meaning of the column headings in these tables is as follows:

WMO No. is the WMO No. of the station.

Station name  is the name of the station.

Lat is the latitude of the station (in decimal degrees).

Lon is the longitude of the station (in decimal degrees). Stations in the Western
Hemisphere have negative longitudes.

Elev is the elevation of the station (in meters). Missing elevations are coded as
-999.9,

Ist year is the first year in which records are available for this variable at this station.

% miss is the percentage of records that are missing for this variable at this station.
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APPENDIX B

Station Histories

This appendix contains a list of all station history information for each of the 223 stations.
The meanings of the column headings on each page are as follows:

WMO No.

Type

Year
Month
Day

Distance

Direction

is the WMO No. of the station.

is the type of change indicated by this entry. The possible values of Type are
as follows:

RAIN = rain gauge replacement (i.e., change from old-type gauge to
Tretyakov-type gauge). Each station will have only one RAIN entry.
In this type of entry, Distance and Direction (described below) have
no meaning and thus are coded as blanks.

MOVE = station relocation. Each station will have at least one MOVE entry.
If a station moved on more than one occasion, then separate entries
are included for each relocation. If a station never moved, then that
station will have only one MOVE entry; in this entry, Year, Month,
Day, Distance, and Direction (described below) are all coded as
missing.

is the year in which the change took place. Missing years are coded as —999.
is the month in which the change took place. Missing months are coded as -9.
is the day on which the change took place. Missing days are coded as -9.

is the distance (in kilometers) that the station was moved. Missing distances are
coded as -9. A distance of zero indicates that the station moved less than one
kilometer. Distance only applies to station relocation entries (i.e., lines in
which Type = MOVE). In rain gauge replacement entries (i.e., lines in which
Type = RAIN), Distance has no meaning and thus is coded as blarks.

is the direction in which the station was moved (e.g., N = north, SE =
southeast). Missing directions are coded as -99. Direction only applies to
station relocation entries (i.e., lines in which Type = MOVE). In rain gauge
replacement entries (i.e., lines in which Type = RAIN), Direction has no
meaning and thus is coded as blanks.
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WMO No. Type Year Month Day Distance  Direction
20674 MOVE 1938 -9 -9 0 -99
20674 PRCP 1953 3 2

20674 MOVE 1960 -9 -9 0 -99
20891 MOVE 1951 1 12 1 SSW
20891 PRCP 1953 12 1

21946 PRCP 1954 g 17

21946 MOVE 1955 5 -9 1 NE
21982 MOVE 1929 9 2 0 E
21982 MOVE 1934 9 1 0 w
21982 MOVE 1940 6 4 0 E
21982 PRCP 1953 9 20

22113 MOVE 1924 10 -9 3 S
22113 MOVE 1934 11 -9 1 SE
22113 PRCP 1953 1 1

22217 PRCP 1953 1 1

22217 MOVE 1960 10 -9 5 NwW
22522 MOVE 1925 6 -9 0 NE
22522 MOVE 1933 6 30 1 N
22522 PRCP 1956 2 15

22550 MOVE 1935 8 1 1 N
22550 MOVE 1943 6 16 0 E
22550 PRCP 1953 1 1

22550 MOVE 1963 11 -9 2 E
22583 MOVE 1924 -9 -9 0 SE
22583 MOVE 1935 8 23 0 SE
22583 PRCP 1951 6 1

22602 MOVE 1928 -9 -9 2 S
22602 MOVE 1930 -9 -9 1 N
22602 MOVE 1932 -9 -9 0 E
22602 MOVE 1934 -9 -9 0 SwW
22602 PRCP 1951 9 -9

22602 MOVE 1965 6 -9 0 W
22641 MOVE 1897 8 -9 0 -99
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WMO No. Type Year Month Day Distance  Direction
22641 MOVE 1900 5 -9 0 -99
22641 MOVE 1926 9 15 0 N
22641 PRCP 1953 1 15

22802 MOVE 1948 11 -9 3 NE
22802 MOVE 1951 10 -9 0 E
22802 PRCP 1954 8 -9

22802 MOVE 1957 12 -9 0 w
22820 PRCP 1949 6 23

22820 MOVE 1954 6 -9 1 NE
22837 MOVE 1914 11 -9 0 -99
22837 MOVE 1932 9 30 0 -99
22837 MOVE 1937 -9 -9 0 E
22837 MOVE 1949 -9 -9 0 NW
22837 PRCP 1955 6 -9

22837 MOVE 1970 5 -9 0 NwW
22887 PRCP 1951 8 31

22887 MOVE 1957 -9 -9 0 S
22887 MOVE 1969 7 -9 4 E
22887 MOVE 1971 1 -9 1 SE
22887 MOVE 1982 6 -9 1 NW -
23146 MOVE 1951 8 21 0 -99
23146 PRCP 1953 10 2

23146 MOVE 1960 12 -9 0 -99
23146 MOVE 1976 11 -9 0 W
23205 MOVE 1927 6 24 2 Sw
23205 MOVE 1927 9 -9 0 S
23205 MOVE 1941 8 26 - 2 Sw
23205 MOVE 1947 11 -9 1 E
23205 PRCP 1954 9 2

23205 MOVE 1959 10 15 1 SE
23205 MOVE 1984 11 -9 1 SW
23219 MOVE 1937 8 9 0 NE
23219 PRCP 1955 9 25

23405 MOVE 1899 10 -9 0 S
23405 MOVE 1904 -9 -9 1 NW



WMO No. Type Year Month Day Distance  Direction
23405 MOVE 1915 8 14 0 -9
23405 MOVE 1918 11 21 0 \'
23405 MOVE 1930 6 9 0 E
23405 PRCP 1952 6 26

23418 PRCP 1952 8 1

23418 MOVE 1965 10 14 0 S
23472 MOVE 1898 6 -9 0 -99
23472 MOVE 1911 9 -9 0 -99
23472 MOVE 1915 6 -9 1 NW
23472 PRCP 1953 1 1

23472 MOVE 1953 8 10 2 NW
23472 MOVE 1959 8 -9 4 SE
23631 MOVE 1893 -9 -9 0 -99
23631 MOVE 1898 -9 -9 0 -99
23631 MOVE 1937 10 13 0 S
23631 PRCP 1954 6 -9

23711 MOVE 1892 10 8 1 SE
23711 MOVE 1901 6 -9 0 -99
23711 MOVE 1930 9 -9 0 -99
23711 MOVE 1935 10 -9 0 N
23711 MOGVE 1940 6 12 3 SE
23711 PRCP 1952 11 25

23711 MOVE 1960 3 4 1 E
23711 MOVE 1965 4 20 8 N
23724 MOVE 1935 1 8 1 SW
23724 PRCP 1955 9 -9

23724 MOVE 1963 10 10 0 NNW
23804 MOVE 1894 -9 -9 0 NE
23804 MOVE 1925 -9 -9 0 W
23804 MOVE 1947 5 24 0 NW
23804 PRCP 1954 9 13

23804 MOVE 1965 1 11 1 SW
23804 MOVE 1969 -9 -9 1 S
23804 MOVE 1982 2 1 4 NW
23849 MOVE 1887 -9 -9 -9 -99
23849 MOVE 1911 -9 -9 -9 -99



WMO No. Type Year Menth Day Distance  Direction
23849 MOVE 1939 7 10 5 E
23849 PRCP 1950 -9 -9

23849 MOVE 1961 12 25 2 WNW
23884 MOVE 1949 6 29 1 W
23884 PRCP 1954 9

23884 MOVE 1955 1 1 7 SwW
23884 MOVE 1957 10 15 2 E
23891 PRCP 1953 7 24

23891 MOVE 1957 6 19 0 -99
23921 PRCP 1952 7 -9

23921 MOVE 1959 10 -9 4 S
23933 MOVE 1930 -9 -9 0 -99
23933 MOVE 1935 8 -9 0 -99
23933 PRCP 1955 6 -9

23933 MOVE 1961 6 25 0 -9
23955 MOVE 1954 9 29 2 NW
23955 PRCP 1954 10 2

23955 MOVE 1959 7 1 3 NW
24125 PRCP 1955 8 1

24125 MOVE 1965 6 -9 2 ENE
24266 MOVE 1894 3 -9 0 -99
24266 MOVE 1894 11 -9 0 -99
24266 MOVE 1896 10 -9 0 -99
24266 MOVE 1897 3 20 0 -99
24266 MOVE 1898 10 21 0 -99
24266 MOVE 1900 4 -9 0 -99
24266 MOVE 1913 11 10 0 NE
24266 MOVE 1920 -9 -9 0 -99
24266 MOVE 1921 4 -9 0 E
24266 MOVE 1927 9 30 0 N
24266 MOVE 1940 10 30 2 NNE
24266 MOVE 1947 4 27 3 SSE
24266 PRCP 1953 1 1

24266 MOVE 1954 10 19 1 E
24266 MOVE 1955 8 7 1 W
24266 MOVE 1960 6 22 0 NE



WMO No. Type Year Month Day Distance  Direction
24343 PRCP 1953 1 -9

24343 MOVE 1957 9 4 1 NwW
24343 MOVE 1960 9 9 0 NW
24343 MOVE 1964 7 25 0 NE
24343 MOVE 1973 6 -9 it SE
24507 PRCP 1953 9 19

24507 MOVE 1962 3 11 1 NE
24641 MOVE 1898 5 -9 0 -99
24641 MOVE 1899 9 -9 0 -99
24641 MOVE 1929 -9 -9 0 -99
24641 MOVE 1939 8 1 0 W
24641 PRCP 1953 1 1

24641 MOVE 1956 11 10 10 SE
24688 MOVE 1942 -9 -9 2 S
24683 PRCP 1953 2 1

24738 PRCP 1957 1 1

24738 MOVE 1960 9 19 2 NE
24738 MOVE 1973 9 7 3 N
24817 MOVE 1938 9 6 0 -99
24817 PRCP 1953 6 -9

24817 MOVE 1953 9 11 0 -99
24817 MOVE 1956 il 10 0 ESE
24908 MOVE 1935 5 -9 0 -99
24908 PRCP 1953 1 15

24908 MOVE 1956 -9 -9 0 -99
24908 MOVE 1957 6 -9 0 -99
24944 MOVE 1911 6 -9 0 -99
24944 MOVE 1938 8 -9 0 -99
24944 MOVE 1945 1 -9 0 -99
24944 PRCP 1953 1 1

24944 MOVE 1958 8 -9 0 -99
24651 MOVE 1937 7 4 0 E
24951 MOVE 1942 10 3 7 SE
24951 MOVE 1945 9 4 7 NW



WMO No. Type Year Month Day Distance  Direction
24951 PRCP 1953 1 -9

24951 MOVE 1955 10 25 0 S
24951 MOVE 1959 9 30 0 E
24959 MOVE 1930 10 -9 0 -99
24959 PRCP 1953 1 1

24959 MOVE 1964 11 -9 1 NwW
24966 MOVE 1925 8 -9 7 SwW
24966 MOVE 1943 9 15 0 -99
24966 PRCP 1953 1 1

25173 MOVE 1933 -9 -9 0 S
25173 PRCP 1949 10 -9

25551 MOVE 1904 -9 -9 25 E
25551 MOVE 1911 -9 -9 25 W
25551 MOVE 1940 -9 -9 25 E
25551 MOVE 1942 10 9 25 W
25551 PRCP 1952 7 1

25551 MOVE 1959 3 -9 0 E
25563 MOVE 1913 -9 -9 0 -99
25563 MOVE 1935 12 1 5 NE -
25563 PRCP 1951 12 18

25594 MOVE 1938 -9 -9 0 -99
25594 PRCP 1950 3 -9

25594 MOVE 1960 -9 -9 0 -99
25703 MOVE 1941 12 -9 2 N
25703 PRCP 1954 1 -9

25744 MOVE 1941 6 -9 2 SE
25744 MOVE 1946 12 -9 2 NwW
25744 PRCP 1951 -9 -9

25744 MOVE 1964 8 -9 8 S
25913 MOVE 1937 2 17 0 -99
25913 PRCP 1948 7 31

25954 MOVE -999 -9 9 -9 -99
25954 PRCP 1951 10 24



WMO No. Type Year Month Day Distance  Direction
26038 MOVE -999 -9 -9 -9 -99
26038 PRCP 1952 9 1

26063 MOVE 1933 7 -9 5 NNW
26063 PRCP 1946 11 -9

26063 MOVE 1970 6 -9 0 W
26188 MOVE 1934 3 -9 0 N
26188 PRCP 1954 6 -9

26231 MOVE 1944 10 14 -9 -39
26231 MOVE 1947 11 7 2 SSE
26231 PRCP 1949 1 -9

26231 MOVE 1964 12 -9 -9 -59
26258 MOVE 1910 3 -9 1 NW
26258 MOVE 1925 4 -9 0 -99
26258 MOVE 1934 9 -9 1 N
26258 MOVE 1944 8 -9 3 NNW
26258 PRCP 1948 12 -9

26258 MOVE 1957 6 -9 4 SSwW
26258 MOVE 1966 1 -9 5 E
26258 MOVE 1967 11 -9 2 NW
26258 MOVE 1986 6 -9 4 W
26406 MOVE 1922 -9 -9 -9 -99
26406 MOVE 1927 10 -9 -9 -99
26406 MOVE 1945 -9 -9 -9 -99
26406 PRCP 1953 1 1

26406 MOVE 1961 7 5 5 SSE
26422 MOVE 1872 -9 -9 0 -99
26422 MOVE 1876 5 -9 0 -99
26422 MOVE 1923 -9 -9 0 -99
26422 MOVE 1941 5 -9 0 -99
26422 PRCP 1957 11 1

26477 MOVE 1921 -9 -9 0 S
26477 MOVE 1924 7 -9 0 -99
26477 MOVE 1933 12 -9 10 NNE
26477 MOVE 1946 2 -9 5 NNE
26477 MOVE 1946 9 -9 2 SSw



WMO No. Type Year Month Day Distance  Direction
26477 PRCP 1954 1 -9

26477 MOVE 1955 10 -9 0 NNE
26629 MOVE 1922 -9 -9 0 -99
26629 PRCP 1952 1 1

26629 MOVE 1955 6 26 1 E
26629 MOVE 1957 6 5 0 w
26702 MOVE 1889 10 -9 0 -99
26702 MOVE 1922 10 1 0 -99
26702 MOVE 1946 12 -9 0 -99
26702 PRCP 1952 1 1

26730 MOVE 1892 1 1 0 S
26730 MOVE 1916 3 1 0 -99
26730 MOVE 1920 6 1 0 SSw
26730 MOVE 1922 7 1 0 W
26730 MOVE 1936 3 23 0 W
26730 PRCP 1952 1 1

26730 MOVE 1953 12 14 3 NE
26730 MOVE 1964 6 1 0 -99
26781 MOVE 1900 2 -9 0 -99
26781 MOVE 1905 9 -9 0 -99 -
26781 MOVE 1911 -9 -9 0 -99
26781 MGCVE 1936 -9 -9 0 -99
26781 PRCP 1951 10 -9

26850 MOVE 1870 -9 -9 0 -99
26850 MOVE 1891 -9 -9 0 -99
26850 MOVE 1895 -9 -9 0 -99
26850 MOVE 1905 -9 -9 0 -99
26850 MOVE 1922 -9 -9 0 -99
26850 MOVE 1935 -9 -9 0 -99
26850 PRCP 1948 6 -9

27037 MOVE 1945 10 -9 0 E
27037 MOVE 1951 10 -9 10 N
27037 PRCP 1954 4 -9

27037 MOVE 1959 9 -9 2 S
27037 MOVE 1968 4 -9 0 SW
27037 MOVE 1979 9 -9 3 N
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WMO No. Type Year Month Day Distance  Direction
27196 MOVE 1922 12 3 0 )
27196 MOVE 1936 11 17 1 Sw
27196 PRCP 1949 5 -9

27196 MOVE 1957 2 15 1 Sw
27333 MOVE 1883 -9 -9 0 -99
27333 MOVE 1913 3 -9 0 -99
27333 MOVE 1920 7 -9 3 SE
27333 MOVE 1924 6 -9 0 -99
27333 MOVE 1936 5 -9 1 W
27333 PRCP 1949 6 10

27553 MOVE 1892 6 -9 1 SW
27553 MOVE 1904 12 -9 2 E
27553 MOVE 1922 5 -9 2 SE
27553 MOVE 1932 7 -9 7 S5W
27553 PRCP 1948 12 17

27595 MOVE 1921 -9 -9 0 -9
27595 PRCP 1953 6 -9

27595 MOVE 1962 8 22 0 NE
27595 MOVE 1988 8 -9 0 S
27612 MOVE 1939 8 1 0 -99 -
27612 PRCP 1952 -9 -9

27648 MOVE 1919 -9 -9 0 N
27648 MOVE 1932 9 -9 1 W
27648 PRCP 1950 7 -9

27823 MOVE 1930 il -9 1 SE
27823 MOVE 1943 1 -9 1 w
27823 PRCP 1951 1 I

27947 MOVE 1932 9 19 1 -99
27947 PRCP 1953 1 1

27947 MOVE 1957 9 30 2 -99
28064 MOVE -999 - -9 -9 -99
28064 PRCP 1953 1 10

28138 MOVE -999 -9 -9 -9 -99
28138 PRCP 1956 5 -9
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WMO No. Type Year Month Day Distance  Direction
28225 MOVE 1938 4 -9 2 -99
28225 PRCP 1952 - -9 -9

28275 MOVE 1890 7 -9 0 -99
28275 MOVE 1895 4 -9 0 N
28275 MOVE 1895 10 -9 0 S
28275 PRCP 1951 1 -9

28411 MOVE 1932 9 -9 -9 -99
28411 MOVE 1940 2 -9 7 SE
28411 MOVE 1940 12 -9 7 NW
28411 MOVE 1950 9 1 0 E
28411 PRCP 1951 5 30

28411 MOVE 1961 6 1 5 E
28411 MOVE 1974 10 -9 10 E
28411 MOVE 1977 8 -9 1 NE
28434 PRCP 1949 9 -9

28434 MOVE 1956 11 5 6 N
28434 MOVE 1963 9 6 0 S
28434 MOVE 1973 -9 -9 0 -99
28440 PRCP 1948 3 1 :
28440 MOVE 1969 -9 -9 1 -99
28493 MOVE 1925 -9 -9 0 -99
28493 MOVE 1936 8 -9 3 -99
28493 MOVE 1951 10 -9 5 SwW
28493 PRCP 1951 10 -9

28493 MOVE 1986 -9 -9 0 -99
28661 MOVE 1935 -9 -9 0 -99
28661 MOVE 1942 8 -9 2 NE
28661 PRCP 1954 10 28

28661 MOVE 1975 -9 -9 2 -99
28679 MOVE 1935 12 31 6 NE
28679 MOVE 1936 11 24 8 SSw
28679 PRCP 1951 1 -9

28679 MOVE 1974 7 11 6 S
28698 MOVE 1935 -9 -9 0 w



WMO No. Type Year Month Day Distance  Direction
28698 PRCP 1952 1 1

28722 MOVE 1942 -9 -9 0 S
28722 PRCP 1954 -9 -9

28722 MOVE 1957 -9 -9 0 N
28900 PRCP 1949 8 31

28900 MOVE 1973 6 -9 0 NNE
28952 MOVE 1933 4 -9 7 SE
28952 PRCP 1952 9 1

28952 MOVE 1953 7 18 0 SW
28952 MOVE 1957 6 28 0 NE
29231 MOVE 1935 12 24 9 w
20231 MOVE 1947 10 14 2 E
29231 PRCP 1950 7 1

29231 MOVE 1963 8 -9 1 N
29231 MOVE 1983 12 -9 2 E
29263 MOVE -999 -9 -9 -9 -99
29263 PRCP 1955 8 22

29282 MOVE 1935 8 6 0 N
29282 PRCP 1953 8 3

29282 MOVE 1960 12 9 2 NW
29430 MOVE 1883 7 29 0 -99
29430 MOVE 1897 8 21 0 SE
29430 MOVE 1934 4 18 3 -99
29430 PRCP 1947 6 25

29574 MOVE -999 -9 -9 -9 -99
29574 PRCP 1951 6 15

29612 MOVE 1939 5 21 2 N
29612 MOVE 1949 10 20 4 NW
29612 PRCP 1955 9 19

29612 MOVE 1958 12 4 0 NE
29698 MOVE 1905 -9 -9 0 -99
29698 MOVE 1911 -9 -9 0 -99
29698 MOVE 1915 -9 -9 0 -99



WMO No. Type Year Month Day Distance  Direction
29698 MOVE 1932 11 1 0 -99
29698 MOVE 1939 8 1 0 -99
29698 MOVE 1946 10 16 1 S
29698 PRCP 1950 9 I

20807 MOVE -999 -9 -9 -9 -99
29807 PRCP 1951 7 i

20838 PRCP 1951 6 25

29838 MOVE 1970 9 -9 1 NW
29866 MOVE -099 -9 -9 -9 -59
29866 PRCP 1951 8 6 ‘
30054 MOVE -099 -9 -9 -9 -099
30054 PRCP 1953 1 1

30230 MOVE -999 - -9 -9 -99
30230 PRCP 1950 1 -9

30253 MOVE 1933 10 12 0 E
30253 MOVE 1942 8 29 0 E
30253 MOVE 1947 10 4 2 NE
30253 PRCP 1950 4 9 :
30372 MOVE 1949 10 -9 1 NE
30372 PRCP 1957 6 9

30393 MOVE 1940 9 12 i S
30393 PRCP 1953 2 1

30393 MOVE 1966 1 1 6 N
30393 MOVE 1988 7 -9 2 NE
30521 MOVE 1946 10 16 1 S
30521 PRCP 1951 10 -9

30521 MOVE 1967 9 -9 3 E
30555 PRCP 1956 9 -9

30555 MOVE 1969 2 -9 0 S
30636 MOVE 1931 7 -9 -9 N
30636 MOVE 1933 10 -0 -9 )
30636 MOVE 1936 3 -9 1 NE



WMO No. Type Year Month Day Distance  Direction
30636 MOVE 1952 -9 -9 2 W
30636 PRCP 1954 6 -9

30636 MOVE 1963 11 -9 0 SSE
30673 MOVE 1934 -9 -9 0 SSW
30673 MOVE 1937 -9 -9 1 NW
30673 PRCP 1950 5 -9

30673 MOVE 1956 10 -0 0 NE
30692 MOVE 1932 10 -9 3 NE
30692 MOVE 1933 -9 -9 0 )
30692 MOVE 1937 6 -9 it S
30692 PRCP 1953 9 10

30710 MOVE -999 -9 -9 -9 -99
30710 PRCP 1950 1 -9

30758 MOVE 1913 6 -9 0 -99
30758 MOVE 1915 10 -9 0 -99
30758 MOVE 1931 10 -9 0 -99
30758 PRCP 1948 10 -9

30758 MOVE 1955 3 24 0 N
30777 MOVE 1911 9 -9 -9 -99
30777 MOVE 1942 6 -9 3 SSW
30777 MOVE 1945 7 -9 0 NE
30777 PRCP 1949 7 -9

30777 MOVE 1956 4 -9 1 SE
30823 MOVE 1901 8 -9 1 NE
30823 MOVE 1919 4 -9 4 SE
30823 MOVE 1934 11 -9 3 NE
30823 MOVE 1642 7 9 12 WSW
30823 MOVE 1947 -9 -9 12 ENE
30823 PRCP 1949 11 -9

30823 MOVE 1953 -9 -9 2 SW
30925 MOVE 1933 1 -9 -9 NE
30925 PRCP 1954 9 -9

30949 PRCP 1951 12 11

30949 MOVE 1956 7 -9 0 N
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30965 PRCP 1952 4 -9
30965 MOVE 1953 5 -9 1 NNE
31004 MOVE 1931 10 -9 1 -99
31004 MOVE 1941 12 -9 0 NE
31004 PRCP 1948 9 -G
31004 MOVE 1952 7 -9 0 S
31004 MOVE 1970 8 11 0 NW
31088 PRCP 1952 -9 -9
31088 MOVE 1969 10 7 1 NNE
31168 MOVE -999 -9 -9 -9 -99
31168 PRCP 1950 9 24
31253 MOVE -999 -9 -9 -9 -99
31253 PRCP 1951 7 1
31329 MOVE 1952 1 -9 0 -99
31329 PRCP 1955 9 20
31369 MOVE 1909 10 -9 1 N
31369 MOVE 1925 8 22 0 N
31369 MOVE 1932 10 20 0 SE -
31369 MOVE 1949 6 17 3 W
31369 PRCP 1953 10 -9
31388 MOVE 1925 -9 -9 5 -99
31388 MOVE 1932 9 -9 1 S
31388 PRCP 1953 11 -9
31416 MOVE 1914 -9 -9 0 -99
31416 MOVE 1939 10 -9 0 -99
31416 PRCP 1954 1 28
31416 MOVE 1960 9 -9 1 N
31510 MOVE 1880 11 -9 0 -99
31510 MOVE 1898 9 -9 0 -99
31510 MOVE 1910 -9 -9 0 -99
31510 MOVE 1912 10 -9 0 -99
31510 MOVE 1943 10 11 0 -99
PRCP 1953 1 31

31510



WMO No. Type Year Month Day Distance  Direction
31532 PRCP 1954 6 8

31532 MOVE 1979 6 -9 10 NE
31594 MOVE 1932 11 -9 0 S
31594 MOVE 1933 4 -9 0 N
31594 MOVE 1935 -9 -9 0 S
31594 PRCP 1953 12 26

31707 MOVE 1912 -9 -9 i E
31707 MOVE 1925 -9 -9 1 E
31707 MOVE 1931 6 -9 10 -99
31707 MOVE 1934 g 10 10 -99
31707 PRCP 1954 8 18

31707 MOVE 1959 10 -9 1 SE
31735 MOVE 1890 -9 -9 0 -99
31735 MOVE 1910 -9 -9 0 -99
31735 MOVE 1914 -9 -9 0 -99
31735 MOVE 1927 g -9 0 -99
31735 MOVE 1932 -9 -9 0 -99
31735 MOVE 1942 -9 -9 0 -99
31735 MOVE 1946 -9 -9 0 -99
31735 PRCP 1950 11 25

31735 MOVE 1968 -9 -9 0 -99 -
31829 MOVE -999 -9 -9 -9 -99
31829 PRCP 1950 8 -9

31873 PRCP 1953 5 -9

31873 MOVE 1960 10 -9 0 SE
31909 PRCP 1950 5 -9

31909 MOVE 1975 6 -9 2 NW
31915 PRCP 1953 4 -9

31915 MOVE 1953 4 27 1 Sw
31960 MOVE -999 -9 -9 -9 -99
31960 PRCP 1949 7 -9

32061 MOVE 1899 1 -9 0 N
32061 PRCP 1950 5 20

32061 MOVE 1960 12 1 3 N



WMO No. Type Year Month Day Distance  Direction
32098 PRCP 1949 5 27

32098 MOVE 1977 1 1 0 -99
32165 PRCP 1950 6 -9

32165 MOVE 1957 1 1 5 E
32165 MOVE 1980 -9 -9 0 -99
32389 PRCP 1951 1 1

32389 MOVE 1956 7 15 0 E
32411 MOVE -999 -9 -9 -9 -99
32411 PRCP 1953 10 23

32540 MOVE 1909 7 -9 0 NNW
32540 MOVE 1938 -9 -9 0 NW
32540 PRCP 1951 1 1

32564 MOVE 1914 -9 -9 0 -99
32564 PRCP 1952 10 29

33008 MOVE 1905 8 -9 0 -99
33008 MOVE 1912 5 -9 1 -99
33008 MOVE 1914 -9 -9 0 -99 -
33008 MOVE 1944 10 -9 0 -99
33008 MOVE 1945 10 8 2 WSW
33008 MOVE 1947 10 1 2 ENE
33008 PRCP 1949 6 -9

33008 MOVE 1960 10 4 1 N
33038 MOVE 1923 -9 -9 1 E
33038 MOVE 1942 9 -9 0 -99
33038 MOVE 1945 4 -9 - 1 SSE
33038 PRCP 1949 9 28

33038 MOVE 1987 -9 -9 0 -99
33345 PRCP 1948 -9 -9

33345 MOVE 1982 -9 -9 6 E
33377 MOVE 1920 7 -9 1 -99
33377 MOVE 1928 11 1 2 SE
33377 MOVE 1943 9 22 2 NW
33377 MOVE 1951 10 -9 0 WNW



WMO No. Type Year Month Day Distance  Direction
33377 PRCP 1953 1 1

33393 MOVE 1900 -9 -9 0 -99
33393 MOVE 1940 5 -9 0 -99
33393 PRCP 1952 4 17

33393 MOVE 1962 -9 -9 1 SE
33562 MOVE 1922 5 -9 1 NE
33562 MOVE 1927 1 1 5 WSW
33562 MOVE 1940 1 28 4 NE
33562 PRCP 1950 9 27

33562 MOVE 1964 4 10 9 E
33562 MOVE 1983 -9 -9 4 N
33631 MOVE -999 -9 -9 -9 -99
33631 PRCP 1952 10 -9

33658 MOVE -999 -9 -9 -9 -99
33658 PRCP 1954 3 1

33815 MOVE 1940 -9 -9 2 SE
33815 PRCP 1952 1 3

33815 MOVE 1975 -9 -9 0 -99
33837 MOVE 1924 -9 -9 1 -99
33837 PRCP 1947 -9 -9

33889 PRCP 1953 1 1

33889 MOVE 1959 1 -9 2 SE
33889 MOVE 1960 12 23 6 NNE
33910 MOVE 1910 -9 -9 0 -99
33910 MOVE 1936 2 1 1 -99
33910 MOVE 1943 12 -9 0 -99
33910 PRCP 1953 2 1

33915 MOVE 1925 3 17 1 S
33915 PRCP 1949 10 5

33915 MOVE 1964 12 12 0 SE
33946 MOVE -999 -9 -9 -9 -99
33946 PRCP 1949 -9 -9
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WMO No. Type Year Month Day Distance  Direction
33976 MOVE 1944 5 -9 1 NNW
33976 PRCP 1953 2 -9

33983 MOVE 1948 6 25 0 -99
33983 MOVE 1949 11 30 7 Sw
33983 PRCP 1953 1 1

33983 MOVE 1958 5 13 0 E
33983 MOVE 1960 10 17 0 N
33983 MOVE 1973 10 31 3 N
34009 PRCP 1953 1 1

34009 MOVE 1957 7 1 4 -99
34122 MOVE 1930 5 29 1 -99
34122 PRCP 1953 1 1

34139 MOVE -999 -9 -9 -9 -99
34139 PRCP 1953 1 1

34163 MOVE 1931 -9 -9 -9 -99
34163 MOVE 1934 7 26 -9 NwW
34163 PRCP 1954 4 18

34163 MOVE 1960 9 21 0 NwW
34172 MOVE 1922 5 -9 1 S
34172 MOVE 1952 11 -9 1 NE
34172 PRCP 1953 7 -9

34300 MOVE 1933 -9 -9 0 -99
34300 MOVE 1938 7 -9 0 NE
34300 MOVE 1940 -9 -9 0 N
34300 PRCP 1951 -9 -9

34391 PRCP 1953 10 -9

34391 MOVE 1953 10 15 0 S
34391 MOVE 1967 9 -9 0 N
34524 MOVE 1929 11 24 1 SE
34524 MOVE 1934 12 13 4 NE
34524 PRCP 1951 -9 -9

34646 MOVE 1933 10 6 N
34646 MOVE 1946 4 20 N
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WMO No. Type Year Month Day Distance  Direction
34646 MOVE 1951 11 14 2 Sw
34646 PRCP 1955 4 -9

34731 MOVE -999 -9 -9 -9 -99
34731 PRCP 1951 2 1

34747 PRCP 1947 8 10

34747 MOVE 1978 g -9 0 w
34824 MOVE -999 -9 -9 -9 -9
34824 PRCP 1953 11 -9

34861 MOVE 1944 4 19 5 ESE
34861 PRCP 1954 12 -9

34880 PRCP 1953 5 13

34880 MOVE 1962 2 1 10 -99
35078 MOVE 1910 10 -9 1 N
35078 MOVE 1925 -9 -9 0 -99
35078 MOVE 1936 8 28 3 N
35078 PRCP 1949 6 25

35108 MOVE 1940 5 -9 0 -99
35108 PRCP 1951 -9 -9

35108 MOVE 1962 8 1 0 -99
35121 MOVE 1846 -9 -9 0 -99
35121 MOVE 1859 -9 -9 0 -99
35121 MOVE 1863 -9 -9 0 -99
35121 MOVE 1914 9 -9 0 -99
35121 PRCP 1948 4 24

35121 MOVE 1962 1 -9 - 1 NE
35121 MOVE 1975 1 -9 12 ENE
35133 MOVE 1935 9 28 1 NE
35133 PRCP 1949 12 1

35188 MOVE -999 -9 -9 -9 -99
35188 PRCP 1951 1 L

35229 MOVE 1937 8 5 0 -99
35229 PRCP 1953 5 -9
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WMO No. Type Year Month Day Distance  Direction
35358 MOVE 1951 -9 -9 0 -99
35358 PRCP 1952 5 -9

35394 MOVE 1941 9 11 3 NNE
35394 MOVE 1944 8 16 13 S
35394 PRCP 1959 1 1

35406 MOVE 1934 12 5 1 SW
35406 PRCP 1949 4 17

35406 MOVE 1951 12 20 1 S
35416 MOVE -999 -9 -9 -9 -99
35416 PRCP 1953 8 8

35542 MOVE 1914 7 -9 0 -99
35542 MOVE 1922 8 13 0 -99
35542 MOVE 1932 3 -9 0 S
35542 MOVE 1939 7 -9 0 NwW
35542 PRCP 1954 10 -9

35542 MOVE 1959 11 -9 0 -99
35576 MOVE -999 -9 -9 -9 -99
35576 PRCP 1953 3 19

35663 PRCP 1960 9 8

35663 MOVE 1962 8 12 1 S
35700 MOVE 1937 5 20 2 -99
35700 PRCP 1953 5 26

35746 MOVE 1925 11 -9 0 S
35746 MOVE 1931 -9 -9 0 -99
35746 MOVE 1942 12 15 0 WSW
35746 PRCP 1953 1 31

35746 MOVE 1953 11 30 6 Sw
35796 MOVE 1937 6 -9 8 SSwW
35796 MOVE 1941 8 -9 8 NNE
35796 PRCP 1952 9 24

36034 MOVE 1928 3 1 0 W
36034 MOVE 1942 11 5 2 w



WMO No. Type Year Month Day Distance  Direction
36034 MOVE 1943 5 6 2 SE
36034 PRCP 1954 -9 -9

36034 MOVE 1955 10 11 9 NNW
36177 MOVE 1957 5 17 0 -99
36177 PRCP 1957 5 17

36665 MOVE 1941 6 1 2 NW
36665 PRCP 1950 10 i

36729 MOVE 1938 9 14 0 NNE
36729 PRCP 1952 2 20

36729 MOVE 1955 7 27 2 SE
36729 MOVE 1957 12 -9 0 -99
36859 MOVE 1935 8 15 5 ENE
36859 MOVE 1936 6 9 0 SSE
36859 PRCP 1953 7 16

36870 MOVE 1908 10 -9 0 -99
36870 MOVE 1915 -9 -9 2 NW
36870 PRCP 1951 6 -9

36974 MOVE 1935 -9 -9 0 -89
36974 PRCP 1949 5 -9

36974 MOVE 1960 12 -9 1 w
37031 MOVE 1933 9 5 1 SW
37031 PRCP 1955 1 12

37031 MOVE 1963 9 13 6 N
37050 PRCP 1954 10 6

37050 MOVE 1970 -9 9. 0 -99
37099 MOVE -999 -9 -9 -9 -99
37099 PRCP 1958 6 1

37235 MOVE 1917 -9 -9 0 -99
37235 MOVE 1925 -9 -9 0 -99
37235 MOVE 1937 6 -9 0 -9%
37235 PRCP 1954 12 10

37235 MOVE 1980 -9 -9 0 -99
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WMO No. Type Year Month Day Distance  Direction
37385 MOVE 1941 9 -9 2 N
37385 PRCP 1949 -9 -9

37385 MOVE 1961 12 25 5 SE
37472 MOVE 1897 6 1 2 -99
37472 MOVE 1921 5 -9 0 -99
37472 PRCP 1949 -9 -9

37472 MOVE 1983 -9 -9 0 -99
37549 MOVE 1851 -9 -9 1 -99
37549 MOVE 1861 -9 -9 0 -99
37549 PRCP 1947 7 -9

37549 MOVE 1965 5 1 3 -99
37686 MOVE 1934 4 -9 3 SE
37686 MOVE 1941 6 12 1 Nw
37686 MOVE 1952 10 2 3 N
37686 PRCP 1953 1 5

37686 MOVE 1961 4 -9 -9 -99
37735 MOVE 1924 - -9 0 -99
37735 MOVE 1925 -9 -9 0 -99
37735 MOVE 1926 -9 -9 0 -99
37735 MOVE 1940 6 6 0 ENE
37735 PRCP 1948 -9 -9

37735 MOVE 1951 4 7 0 -99
37735 MOVE 1958 3 20 1 SSw
37789 MOVE 1934 4 -9 0 -99
37789 PRCP 1950 5 -9

37789 MOVE 1974 12 25 2 SSwW
38198 MOVE 1930 11 26 . 5 W
38198 MOVE 1938 8 23 2 w
38198 PRCP 1955 3 -9

38262 MOVE 1940 10 1 4 N
38262 MOVE 1950 4 12 5 NW
38262 MOVE 1955 10 14 3 E
38262 PRCP 1956 8 15

38353 MOVE 1927 9 -9 0 -99
38353 MOVE 1939 12 -9 2 N
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WMO No. Type Year Month Day Distance  Direction
38353 MOVE 1940 -9 -9 1 E
38353 PRCP 1949 5 -9

38413 MOVE 1936 8 -9 2 E
38413 PRCP 1950 3 6

38413 MOVE 1957 12 19 3 W
38457 MOVE -999 -9 -9 -9 -99
38457 PRCP 1953 -9 -9

38507 MOVE 1883 -9 -9 0 -99
38507 MOVE 1904 -9 -9 0 -99
38507 MOVE 1915 8 -9 0 -99
38507 MOVE 1925 1 -9 0 -99
38507 PRCP 1953 6 1

38599 MOVE 1929 8 -9 i N
38599 MOVE 1940 g 11 15 S
38599 PRCP 1949 12 15

38599 MOVE 1961 4 -9 1 S
38599 MOVE 1966 10 15 2 WSW
38618 MOVE 1881 -9 -9 0 -99
38618 MOVE 1889 -9 -9 0 -99
38618 MOVE 1921 10 -9 0 -99
38618 MOVE 1928 7 19 3 SE
38618 MOVE 1933 1 -9 2 W
38618 PRCP 1951 12 31

38687 MOVE 1913 10 11 0 -99
38687 PRCP 1952 8 2

38696 MOVE -999 -9 -9 -9 -99
38696 PRCP 1951 1 1

38750 MOVE -999 -9 -9 -9 -99
38750 PRCP 1953 9 1

38763 MOVE 1908 3 12 0 -99
38763 MOVE 1925 -9 -9 0 -99
38763 PRCP 1953 1 i

38763 MOVE 1958 1 -9 2 W
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WMO No. Type Year Month Day Distance  Direction
38836 MOVE 1929 5 29 1 Sw
38836 MOVE 1946 1 1 0 -99
38836 PRCP 1950 11 22

38836 MOVE 1967 11 5 0 -99
38836 MOVE 1983 -9 -9 0 -99
38880 MOVE 1927 i1 14 0 N)
38880 MOVE 1949 -9 -9 0 -99
38880 PRCP 1950 1 1

38895 MOVE 1898 -9 -9 0 -99
38895 MOVE 1903 4 10 0 -99
38895 MOVE 1911 -9 -9 0 -99
38895 MOVE 1913 -9 -9 0 -99
38895 MOVE 1917 -9 -9 0 -99
38895 MOVE 1932 4 7 0 E
38895 MOVE 1939 -9 -9 0 -99
38895 PRCP 1950 6 2

38927 MOVE 1947 10 18 0 SW
38927 PRCP 1950 11 6

38927 MOVE 1956 3 10 12 E
38927 MOVE 1961 12 13 0 NW
38933 MOVE 1949 1§ -9 2 WNW
38933 PRCP 1949 11 23

38954 MOVE 1933 11 -9 13 N
38954 MOVE 1936 9 -9 -9 NE
38954 MOVE 1645 9 -9 6 N
38954 PRCP 1954 6 14 '

38974 MOVE 1935 2 -9 0 W
38974 MOVE 1938 -9 -9 0 S
38974 MOVE 1942 -9 -9 0 E
38974 PRCP 1950 10 -9

38974 MOVE 1961 6 12 2 NE
38987 MOVE 1904 4 -9 -9 -9
38987 MOVE 1910 -9 -9 -9 -99
38987 MOVE 1913 8 -9 -9 -99
38987 MOVE 1927 5 -9 -9 -99
38987 PRCP 1953 1 4
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Monthly mean maximum and minimum temperatures for over
50% (10%;) of the Northern (Southern) Hemisphere landmass,
accounting for 37°% of the global landmass, indicate that the rise of
the minimum temperature has occurred at a rate three times that of
the maximum temperature during the periog 1951-80 (0.84°C ver-
sus 0.28°C). The decrease of the diurnal temperature range is
approximately equal to the increase of mean temperature. The
asymmetry is detectable in all seasons and in most of the regions
studied. .

The decrease in the daily temperature range 1s partially retated
1o increases in cloud cover. Furthermore. a large number of atmo-
spheric and surface boundary conditions are shown to differentially
affect the maximum and minimum temperature Linkages of the
observed changes in the diurnal temperature range to large-scale
climate forcings, such as anthropogenic increases in sultate aero-
sols, greenhouse gases, or hiomass burning (smoke), remain
tentative. Nonetheless. the observed decrease of the diurnai tem-
perature range is clearly imporiant. both scientifically and practi-
cally.
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1. Background

The mean monthly maximum and minimum tem-
peratures are derived from an average of the daily
maximum and minimum temperatures. The mean
monthly diurnai temperature range {DTR) is defined
as the difference between the mean manthly maxi-
mum and minimum temperatures. The dearth of ap-
propriate databases that include information on the
daily or mean monthly maximum and minimum tem-
perature has previously impeded cur ability to investi-
gate changes in these quantities. The probiem has
historica! roots. It arises because the climatological
data that have been made accessible to the interna-
tional community, by national meteorological or cli-
mate data centers throughout the world, do not nor-
mally include data with resolution higher than mean
monthly temperatures. The data that are made avail-
able internationally are usually derivedfromthe monthly
climate summaries (CLIMAT messages; on the Glo-
bal Telecommunications System (GTS), which do not
include information on the maximum or minimum
temperatures. The GTS is the means by which near-
real-time in situ giobal climate data are exchanged.
Moreover, the problem has been exacerbated be-
cause the World Meteorological Orgarnization's retro-
spective data collection projects such as World Weather
Records and Monthly Climatic Data of the World have
always been limited to mean monthly temperatures.
This has forced climatoiogists interested in maximum
and minimum temperatures to either develop histori-
cat databases on a country-by-country basis (Karl et
al. 1991) or try to work with the hourly GTS synoptic
observations. The former is a painstakingly slow pro-
cess, and the latter has been limited by poor data
quality and metadata (information about the data) and
records of short duration {Shea et al. 1992).

The first indication that there might be impcrtant
large-scale characteristics related to changes of the
mean daily maximum and minimum temperatures was
reporied by Kart et al. {1984). Their analysis indicated
that the DTR was decreasing at a statistically signifi-
cant rale at many rural stations across Nerth America.
Because of data accessibility problems, subsequent
empirical analyses continued to focus on data from
Nortt America over the next several years (Karl et al.
1986a: Plantico etai. 1990}, By 1990, however,alU.5./
People's Republic of China (PRC) bilateralagreement
organized by the U S. Department of Energy and the
PRC’s Academy of Sciences provided the opportunity
to analyze maximum and minimum temperatures from
the People’s Republic of China. Also about this time,
the Intergovernmental Panel on Climate Change
(IPCC) made arrangements with the Australian Na-
tional Climate Centre to analyze maximum and mini-
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mum temperature data from southeastern Austrahia.
The IPCC (1990) reported a significant decreasenthe
DTR from both of these regions. Meanwhile. work from
ancther dala exchange agreement, a bilateral agree-
ment between the United States and the former USSR
{(Union of Soviet Socialist Republics), came to fruition
as a dataset of mostly rural maximum and minimum
temperaiures was developed far the former USSR.
Karletal (1991) reported onthe widespread decrease
of the DTR over the former USSR, PRC, and the
contiguous United States that was reiterated by the
IPCC (1992).

Additional data from other countries and updatesto
previous analyses have now been anaiyzed here and
elsewhere. Additional data include the eastern half of
Australia, Sudan, Japan, Denmark, northern Finland,
some Pacific island stations, Pakistan, South Africa.

~and a few other long-term stations in Europe. Figure 1
shows the area of the globe that has now been
analyzed for differential changes of the maximum and
minimum temperature. The area now covers over
50% (10%) of the Northern (Southern) Hemisphere
jandmass, but still only about 37% of the global land-
mass.

2. Observed changes of mean maximum,
minimum, and diurnal range

a. Spatial and season patterns of the

contemporary trends

Daily maximum and minimum temperatures from
more than 2000 stations were availabie for analysis in
the countries shaded in Fig. 1 during the period 1851
to 1990 (except Sudan and the tormer USSR, which
had data through 1987 and 1989, respectively}. Se-
lected subsets of these dala were averaged within
various regians of each country. Each region repre-
sents a compromise between climatic homogeneity
and an adequate number of stations within its bounad-
anies 1o reduce sampling error. The base period for
calculating departures from the average included the
years 195190 {or slightly fewer years in some coun-
iries. &.g.. Sudan-and the former USSR). The regions
are delineated in Fig. 2 where, similar to other large-
scale studies of the change of the mean annual
temperature (Jones et al. 1986a,b; Jones 1988). the
average of the trends of the mean annual maximum
and minimum reveals a general rise of temperatura. A
decrease of the minimurn temperature within any
region is uncommon but is somewhat more frequent
forthe maximum temperature, asseenoverthe United
States and the PRC. The ditierential rate of warming
between the maximum and minimum temperatures s
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Fic. 1. Bhaded areas represent areas of the world that have been analyzed for changes of mean maximum and minimum temperature.

apparent, with only a few regions reflecting an in-
crease of the DTR. These weak exceptions occur in
central Canada and southeasternmost Australia.

There are some seasonal variations of the rates of
decreasing DTR, but they vary from country to country
{Table 1). In Japan the decrease is not evident during
summer, anditis not as strong during this season over
the PRC. In the United States the decrease is weak
during spring but quite strong during autumn. Alaska
has strong decreases throughout the year, but Canada
has only moderate decreases during summer and
autumn. Over the former USSR the decrease in the
DTR is significant throughout the year but somewhat
weaker during the winter. Over Sudar. the rate of the
DTR decrease is strong in all seasons except during
the summer rainy season, where rains have been very
sparse over the past few decades. Over South Africa,
the DTR strongly decreases in the Southern Hemi-
sphere spring. but actually increases slightly during
autumn. In the eastern ha!f of Australia the decrease
ofthe DTR is apparent throughout the year but weak-
est during the Southern Hemisphere summer.

When collectively considered, 60% of the trends in
Table 1 reflect statistically s:Jnificant decreases of the
DTR. A test for a change :-0int in the trend (Solow
1987) indicates that for most seasons and areas there
isinsufficient evidence to suggest a statistically signifi-
cant change point in the rate of the decrease.

The trends can be area weighted to reflect the
overall rate of DTR decrease Table 2 shows the
decrease both porth and south of the equator, but

Builetin of the American Meteorological Society

without any pronounced seasonal cycle in the North-
ern Hemisphere. The area of available data in the
Southern Hemisphere is too small to make any gen-
erai statements about trends in that portion of the
globe, butthe decrease in the Northern Hemisphereis
quite apparent. The rate of the decrease in the DTR
{-1.4°C/100 years} is comparable to the increase of
the mean temperature {1.3°C/100 years).

For all areas combined (Fig. 3), a noticeable differ-
ential rate of warming of the minimum relative to the
maximum temperature began in the 1960s. The mini-
mum temperature has continued to warm relative to
the maximum through the 1980s. The time series ends
in 1989, the year after the major North American
drought, as data from the former USSR were not
available past 1989. The variance of the time series is
significantly impacted when such large regions drop
out of the analysis, which is why the series ends
prematurely. The end of the time series is significantly
impacted by the major drought in North America
during 1988, which leads to an enhanced DTR. None-
theless, Fig. 3 reflects a grac.ual decrease of the DTR
through much of the past several decades.

b. Leager-term variations

L fortunately, the coverage of the globe with maxi-
mum and minimum temperature data is currently
limited priorto 1951. Inthe United States. a network of
approximately 500 high-guality stations has remained
intact back to the turn of the century, and in the former
USSR a fixed network of 224 (165 stations if only rural
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Fic. 2. Spatial patterns of annual trends of mean maximum, minimum. and diumaltemperature
range {mostly 1951-90} in degrees Ce'sius per one hundred years Diameter of circles 1s
proportionai 16 the trend and soiid {open) circles represent negative (positive) trends Circies
pertain to regions within each country except for island stations. e.g., in the South Pacidic and
Hawau

stations are used) siations is available back to the
1930s. Time series from these countries refiect signifi-
cant (Fig. 4) decadal variations in the DTR, as evident
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during the dry 193Us and early
1950s inthe United States. The
generai decrease of the DTR
did not begin in the United
States until the late 1950s, and
the DTR decreased rather dra-
matically in the mid- to late
1970s over the former USSR
as partof substantialincreases
in the minimum tempserature.
The decrease of the DTR in
these twe couniries is a phe-
nomenon of recent decades.
Data are also available farther
back in time for smaller areas
and countries, notably Japan.
eastern Australia, and South
Africa. Figure 5 indicates that
the decrease in the DTR in
eastern Australia occurs rather
gradually since the steep de-
clineinthe late 1840s. In South
Africathe decreaseis predomi-
nately due to the sharp decline
in the early 1950s.

A very tong record of maxi-
mum and minimum tempera-
tures was available from the
Klementinum-Observatory in
Prague, Czech Republic, as
well as a benchmark station
from northern Finland. Figure
6 portrays a remarkable in-
crease of the DTR at-the
Klementinum-Observatory
from the early to the mid-twen-
tieth century, with a substantial
decrease since about 1950.
Theincrease coincides with the
increase of mean temperature
since the turn of the century,
andthe decrease occurs when
the mean temperature reflects
littie overall change. In the first
halt of the nineteenth century.
the DTR averages about3.5°C
iower compared with the iatter
part of the century. The DTR at
Sodankyla, Finland, also dis-
plays a gradual decrease since
1950, but contrary 1o the
Kiementinum-Observatory, the

decrease is evident back to the turn of the century. The
mean temperaiure at Sodankyla reflects little or no
change. The high-frequency variability of the DTR at
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Taste 1. Trends of temperature (*C/100 yr) for annual and three-month mean maximum (MAX). minimum (MIN), and diurnal temperature
range (DTR) based on a weighted average of the regions (by courtry) in Fig. 1. Additicnally. trends significant at the 0.01 level {two-tailed
t 1est} are double underlined and those significant at the 0.05 level are single underlined. Trends with significant change points are denoted
with an asterisk. The number of stations used to caiculate the trends (in parentheses} and the time period relative 1o the trends is given
tor each country. PRC is the People's Republic of China, USA the contiguous United States of America, E. Australia the eastern half
of Australia, USSR the former Union of Soviet Socialist Republics, and 5. Africa the Republic of South Africa.

ALASKA (39) 1951-1990

Seasons MAX MiN DTR
O-J-F 6.0 88 2.
M-A-M 3.1 63 32
J-l-A 09 24 -15
SO-N -14 0.4 -1.9°
ANNUAL 21 45 -24
CANADA (227) 1952-1980
Seasons MAX Mifv DTR
D-J-F 18 2.1 0.2
M-A-M a7 38 01
A 05 1.4 09
S-O-N 22 -12 -1.0
ANNUAL o | 15 08
USA (494) 19511990
Seasons MAX MIN DTR
DJ-F 23 -07 -15
M-A-M 23 25 02
J-J-A -03* 100 -14
SON a7 13 -3.0
ANNUAL -0.6* 10 15
SUDAN (15) 1851-1987
Seasons MAX MIN DTR
D-J-F -2 27 -3y
M-A-M 04 33 2.8
J-J-A 28 21 07
S-O-N 14 25 -11
ANNUAL 08 27 -17
E. AUSTRALIA {44) 1951-1891
Seasons | MAX MIN i DTR
D-J-F | 18 23 1 04
M-A-M ‘ 16 28 | -2
J-J-A | 08 14 1 o5
$-0-N ‘ 1.3 2.2 0.9
14 22 07

ANNUAL

both stations is less than that of their respective mean
temperatures, bul the converse is true for low-fre-
quency variations.

Bulletin of the American Meteorological Society

USSR (FORMER) (165) 19511990

Seasons MAX MIN DTR
D-J-F 2.8 42 13
M-A-M 25 38 1.2
J-J-A -0.4° 09 13
S-O-N 06 22 18
ANNUAL 14 28 14
JAPAN (86) 19511990
Seasons MAX MIN BTR
"D-J-F -05 -0.2 ~0.2
M-A-M 04 07 03
J-J-A 05 60 04
§-O-N 03 -05 02
ANNUAL -0z 0.4 02
PRC {44) 1951—1988
Seasons MAX MIN DTR
D-J-F 05 a5 -3¢
M=-A-M Y 14 22
J-J-A -18 g -10
S-O-N 06 10 -16
ANNUAL 07 1.3 2.0°
S. AFRICA (12) 19511991
Seasons MAX MIN OTR
C-J-F 20 -12
M-A-M 22 17 05
J-d-A 13 13 0.0
S-O-N 0.7 18 -2.4
ANNUAL 09 17 08

|

Ifthe data from the Klementinum-Observatory truty
reflect the regional change of the DTR in central
Europe, then the recent decrease of the DTR in this
area is less persistent and less substantia! than the
increase prior to 1950. In light of the variations at the
Klementinum-Observatory, what makes the results
from Fig. 2 so remarkabie is the fact that so many
areas share an overall decrease of the DTR.

Recently, other investigators have also compiled
intormation on the change of the DTR over other
regions of the globe. Frich (1892) provides evidence to
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Tagie 2. Trends of temperature ("C/100yr) for annual and three-
month mean maximum (MAX), minimsum (MIN). and diumal tem-
perature range (DTR} for the areas denctec in Fig. 1 (less Paksstan,
northern Finiand, and Denmark) Percent of the land area covered
tor the Norhern and Southern Hermisphere and the globe 1s denoted
within parenthesis.

N. Hemisphere (50%) 1851-1930

Seasons ‘ MAX ‘ MIN | DTR
D-F ‘ 13 29 i 15
M-A i 2.0 ! 3.2 -13
A ‘ 03 | 08 ‘ 11
S-O-N 04 : 13 s
ANNUAL i 05 | 20 |14
5. Hemisphere (10%) 1951-1990
Seasons MAX | MIN DTA
D-JF 1.6 i 22 ‘ 08
M—A-M | 17 } 25 , o8
JHA ‘ 10 1.3 -04
S-ON ‘ 08 | 21 ‘ -13
ANNUAL 1.3 i 20 -08
GLOBE (37%) 1951-1980
Seasons | MAX ! MIN ! OTR
D-bF | 13 | 29 186
M-A-M 19 3t -12
JHA 02 08 -11
SON 03 ‘ 1.4 i -17
ANNUAL 07 21 | 14

indicate there has been a general decrease over
Denmark since about 1950, based on an analysis of
several long-term stations, most located inrural areas.
Biicher and Dessens (1981) analyzed a iong record of
maximum and minimum temperatures from the Pic du
Midi de Bigorre Observatory in the Pyrenees at a
height of more than 2800 m. Their analysis revealed a
significant decrease of DTR since the late nineteenth
century, but an inhomogeneity inthe record prevented
a continuation of the analysis beyand 1970. Kruss et
al. (1992) reported on changes of maximum and
minimum temperature between the twa 30-yr periods
1931-60 and 1961-90 over Pakistan. Despite consid-
erable missing data. they managed to obtain at least
20 years of data from each of the two periods for 35
stations across Pakistan Their analysis revealed a
mix of decreasing and increasing changes of DTR. In
our analysis of Pakistani data we could manage 1o
igentity only five stations with asequate data to ana-
lyze year-to-year changes; these were all located in
the northern half of the country. These stations also
depicted a decrease of the DTR.
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¢. Relation to variations of the seascnal and

annual extremes

For a variety of practical considerations it is impor-
tant 1o know whether the decrease in the mean DTR
transiates to a decrease in the exireme temperature
range. Karl et al. (1991) provide evidence to suggest
that ingeed, over the United States and the former
USSR (the only areas for which they had access to
daily data}, there was often a significant and substan-
tial decrease in the seasonal and annual lemperature
exiremes similar 1o the decrease in the seasonal and
annuat mean DTR. This similarity is also reflected in
the time series of monthly exireme maximum and
minimum temperature cver Sudan (Jones 1992).

d. Data quality
A critical quastion arises related to the rel:ability of
the data used to calculate the changes ofthe DTR. The
- data presented and discussed here have been sub-
jected tc various degrees of guality assurance. The
degree to which precautionary measures have been
taken to minimize data inhomogeneities varies ¢on-
siderabty from country to country. In the United States,

. Mean Dally Maximum

L=k 1854 tanl taEL

°c

Temperature Anamaties (°C)

Diurnal Temperature Range
. s tan

Years
Fia. 3. Time series of the temperature anomalies of the anrual
mean maximum. minimum. and diurnal temperature range for 377

of the global landmass (areas shaded in Fig. 1). Smoci= curve is a
nine-point bin- -al liter with "padded” ends.
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Fia. 4. Time series of the variations of the anruai mean maximum. mimmum, and diurnai temperature range for the contiguous Unied
States and the former USSR Smooth curve 1s the same as Fig. 3 and trends since 1951 are depicted by the dashed line

afixed network of stations in the Historicai Climatology
Network (HCN}is used (Karletal. 1990), whichlargely
consisis of rural stations that have been adjusted
when necessary for random station relocations,
changes in instrument heights, systematic changesin
observing times (Karl et al. 1986a: Karl et al. 1986b),
the systematic change in instruments during the mid-
and late 1980s {Quayle et al. 1991), and increases in
urbanization (Karl et al. 1988). The pctential warm
bias of the maximum introduced by the HO83 series of
thermometers (Gall et al. 1892) is not a factor in this
network since the HO83 instrument is not used in the
rural cooperative network that dominates the HCN (19
out of 20 stations).

Bulietin of the American Meleorological Society

In the f.-mer USSRA the fixed network of 165 sta-
tions consists of rural stations (1990 populations less
than 10 Q000 and locai surroundings free of urbas
development). The former USSR data have not been
adjusted for any random or systematic inhomo-
geneities. Station histories. however, indicate there
have not been systematic changes in network opera-
tion over the coe-=e of the past 50 years.

In Canada, the resuits reporied here are derived
from & set of 227 rural stations (populaticn less than
10 000,. These data were selected from a network of
373 principal stations, but a large number of urban
areas and stations, which reiocated to airports, were
eliminated from the analysis.
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Fia. 5. Time series of the variations of the diurnal temperature
range for Japan, eastern Australia. and South Africa. Smooth curve
same as Fig. 3.

In Alaska, a network of 39 stations was used that
included most stations operating in that state since the
early 1950s with the exceptions of stations in the major
cities of Juneau, Fairbanks, and Anchorage. Once
again no attempt was made to adjust for station
relocations, and the stations ¢ =t of a mix of instru-
ment types with some changes at specific sites.

Station histaries from the PRC do not refiect any
changes in instrumentation. instrument heights, in-
strument shelters, or observing procedures relative 1o
the maximum and minimum temperature. Our analy-
sis is based on a subset of more than 150 staticns
availabie to us. No atte:pt was made to correct for
random station relocat. .5 in the fixed network of 44
stations we finally seleciad from the larger network
The potentialimpact ot urbanization preciudedthe use
of many stations. We eliminated all stations that were
in or near cities with poputations of more than 160 000.

All stations in Australia are currently undergoing
thorough homogeneity testing (Torok 1892, personal
communication) but were unavailable for this analysis.
Instead, stations were selected based on the length of
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record and distance from major areas of urbanization.
All of the stations used in Australia are from small
towns or rural areas, many from post office “back-
yards.”

Fewer than half of the 154 stations available from
Japan were used in this analysis. Simitar to the PRC.
many stations were efiminated because of their prox-
imity to major urban areas. An inspection of the statian
histories reveals a number of network “improvements”
related to the automaticn of the tamperature measure-
ments in recent years. A full assessment of the homo-
geneity of the data awails a detailed analysis. The
station networks from Sudan and South Africa include
some stations from urban areas, but countrywide
decreases of the DTR are not overwhelmed by these
stations. Incomplete informaticn was available re-
garding systematicchanges ininstrumentationatthese

_locations during the past several decades, butthedata

were inspected and adjusted when necessary for
station relocations based on temperature differences
with neighboring stations. In total, four staticns in
South Africa were adjusted using the procedures
outlined by Jones et al. (1986a}.

3. Diurnal temperature range
dependencies

a. Local effects

As more data become available from a variety of
countries it becomes difficult to dismiss the generat
decrease of the DTR over the past several decades as
an artifact due to data inhomogeneities. Observing
networks are managed differently in each country. If
local effects are significantly influencing the DTR, then
at least three possibilities need to be explored. These
include changes in urbanization, irrigation, and deser-
tification. Evidence to support or refute the impact of
these human-induced local and regional effects are
discussed in subsequent subsections.

1) UnBAN HEAT ISLAND

it is well known that the urban heat isltand often
tends to manifest itself strongest during the nighttime
hours {Lardsherg 1981). In midlatitude North Amer-
can cities the urban—rural temperature difference us.-
ally peaks shortly afler sunsel. then slowly decreases
until shortly after sunrise, when it rapidly decreases,
and for some cities actually vanishes by midday. In
many cities, increases in urbanization would differen-
tially warm the minimum relative to the maximum
temperature.

A number of precautions have been taken to mni-
mize the effect of increased urbanization in the climate
records usedin this analysis. In the contiguous United
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States, the corrections for urban development recom-
mended by Karl et al. (1988) have been applied to the
data, so any residuai heatisland effect in this analysis
should not be an issue. In Canada, only stations with
poputation less than 10 000 were used in the analysis,
and the average population of the cities in the proxim-
ity of the observing stations was slightly more than
1000 If the Canadian stations behave similarly to
stations in the United States, the decrease of the DTR
may be exaggerated by about 0.1°C due to urbaniza-
tion. Similar values may also apply to Alaska. In the
former USSR, the population limit for inclusion of any
station into the network was 10 000, but in addition, no
station could be within 1 km of any multistory urban
development. If the impact of the effect of urbanization
on the DTR in the former USSR is anything similar to
that in the United States, the residual urban heatistand
effect on the DTR should be at least an order of
magnitude smaller than the observed decrease of the
DTR (nearly 1.5°C per 100 yr). In the PRC and Japan,
a number of tests were conduoted to identify the
impact of urbanization onthe G7 - Three networks of
stations were categorized based on population. For
the PRC, the categories included stations in proximity
of cities with populations more than 1 000 000, less

Tampurswrs (°C)

Tempersiurs (°C)

than 160 000, and those with populations between
these two thresholds.

Categories in Japan were based on 500 000 and
50 000 threshold values. The PRC had 23, 42, and 44
stations, while Japan had 17, 71, and 66 stations, in
each of the three population categories proceeding
from high tolow, respectively. Figure 7 shows that the
decrease of the DTR actually becomes stronger in the
PRC for the jowest population category compared with
the moderate population category, while the trend of
the average temperature continues to decrease. This
suggests that urbanization effects in the PRC are
dissimilar to those in the United States, as differential
effects of the maximum and minimum temperature
trends seem unatfected by urbanization in cities of 500
000 orless. InJapan, however, theimpact of urbaniza-
tion on the DTR is evident even in the lowest popula-
tion category (less than 50 C00); this is even more

-apparent forthe average temperature, Basedon these

analyses it would seem that urbanization etfects in the
PRC are unlikely to significantly impact the trends
reperted in Tables 1 and 2.

A previous paper by Jones et al. (1990) investi-
gated the impact of increasing urbanization in the land
database used by the IPCC (1990, 1992) to calcuiate

Temparsas ('}

. Annusl {Jan - Dec)

Tomparsunt (°C)

Soasnyts
Tempwraturs Range
Aol (Jan - Dac)

i

Fic. 6. Time series of the vanations of the annual diurnal temperature range and the annual mean temperature from two long-lerm
stations: Sodankyla, Finland, which hzs been designated as a chmate reference station, and the Prague Klementinum-Qbservatory

Czechosiovakia. Smooth curve same =~ Fig. 3
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changes of global temperature. The conctusion from
the work of Jones et al. (1990} was that any residual
urban bias in the land-based average temperature
records was about 0.05°C during the twentigth cen-
tury. A comparison of the average temperature trends
derived from the stations used in Tables 1 and 2 with
the stations used by Jones (1988) revealed difter-
ences in trends from country to country, but virtually
identical trends of temperature (within 0.02°C per 100
yr) were found when all areas depicted in Fig. 1 were
considered. This suggests that the degree of urban-
induced bias in these two datasets are of similar
magnitude over the past 40 years, despite the use of
substantially different station networks.

2) IRRIGATION _

It can be argued that increases in irrigation may
account for the decrease in the DTR. The evaporation
associated with soil moisture would conven sensible
to latent heat and thus significantly reduce daytime
temperature. in order to test this hypothesis, the
correlation coefficient (both Pearson product moment
and the Spearman rank) was calculated using the
values of the trends of the DTR and the change in land
area under irrigation from 1950 to 1987 (U.S. Depan-
mentof Commerce 1950, 1888) for each of the regions
delineated in Fig. 2. No relationship was found be-

TaeLe 3; Stations and years used to identify the sensttivity of the
diurnal temperature range to various climatic vanables

Stations l Years
;

Sacramento, CA 1961-69
Tallahassee. FL 1962-70
Indianapols. IN 196674
Worcester, MA 1961-69
Bismarck, ND 197381
Seotts Biuff, NE 1971-79
Reno, NV 1961-69
Oklahoma City, OK 1975-83
Pittsburgh. PA i 196169
Ceolumbsa. SC 1971-79
San Antonio. TX 1973-81
Seattle/Tacoma. WA 1971-79
Spokane, WA 1966-75
Green Bay, Wl 1671-79
1016

tween the change in the DTR and the increase of
irmgated lands. and in fact many of the largest de-
creases of the DTR were associated with areas with
the smallest increases of irrigation. Despite the signifi-
cant decreases of the DTR over the past several
decades and the relatively large increases of irrigation
within the United States over the past 40 years com-
pared to other countries, it seems unlikety that in-
creases of ir.-uon can be regarded as a serious
explanation for the widespread decreases of the DTR.

3) DESERTIFICATION

The converse of the theoretical effects of irrigation
would result from increased desertification, i. e., an
increase of the DTR. This might arise from poor land
practices such as overgrazing or deforestation. Given
the mid- and high-latitude bias of the results reported
here, it seems unlikely that desertification would have

“a significant impact on the results reported in Tables 1

and 2. Mcreover, this effect would tend to make the
magnitude ot the reported decreases too small. espe-
cially during the warm season, as desertification would
increase the maximum and decrease the minimum.

b. Climatic effects

Since it seems unlikely that any of the human-
induced local effects can provide a satisfactory an-
swer to the widespread decrease of the DTR, a
number of climatic variables that differentially affect
the maximum and minimum lemperature were ana-
iyzed to discern which climatic variables most strongly
affect the DTR. More than 50 000 days of climatic
observations were selected from the stations listed in
Table 3 during periods of consistent measurement
procedures for the variables defined in Table 4. The
rationale for selection of variables to be studied was
based on a priori information. For example, increases
of the DTR over land have previously been refated to
snow cover ablation as simulated by the U. K. Meteo-
rological Office's General Circulation Model (GCM)
with doubled CO, (Cao et al. 1992). Qur analysis
incluged more than 4000 cases of snow cover. Itiswell
known that the ability of the surface boundary layer to
absorb. radiate, transform, and mix sensible heat
differentially affects the maximum and minimum tem-
perature. The relative humidity and cloudiness are two
important climate variables that influence these sur-
lace-layer properties. In this analysis cloud-related
infermation was contained in two climatic variables:
the sky cover (in tenths) and an index of the ceiting
height. The ceiling height (CIG) was categorized into
seven categories. The cloud ceiling is defined as
height above ground of the lowest cloud layer that
covers 50% or more of the sky. The wind speed is an
effective measure of the degree of mixing within the

Vol 74, No. 6, June 1393



surface boundary layer as it af-
fects and interacts with the fre-
quency orintensity of inversions
and super-diabatic lapse rates.
Additionally, the DTRis affected
by the seasonal and latitudinal
changes of incoming soiar ra-
diation as well as the magnitude
of day-to-day temperature dif- -4
ferences. Theinclusion of TRAD
can alsobe regarded as a surro- 4
gate for temperature especially
when used in conjunction with
the othervariablestistedin Table
4. Karl et al. (1986b) demon- -,
strate the impact of the inter- -
diurnal temperature difference
on the maximum and minir um 4
temperature. These day-to-
day changes of temperature
are largely controlled by the ther-
mal advection associated with
synoptic-scaie cyclones and an-
ticyclones,

All of the variables in Table 4
were used in a multiple regres-
sion analysis. Variables were
regressed against the square
root of the DTR, as opposed 1o
the actual DTR, because the
DTR is bounded by zero. With-
out the transfoermation,
nonnormal residuals result in
multiple linear regression analy-
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Fia. 7. Temperature trends using stations from various pepulation categories (high, medium,
low—lefito right) as defined in text. Abbreviations; Wi—winter, Sp—spring, Su—summer, Au—
autumn. MAX—maximum, MIN—minimum, AVG—average. and RNG—diurnal range.

ses, making it more difficult 10

interpretthe resufts, Figure 8a indicates that the partial
correlation coefficients of each variable to the DTR are
often significantly different from the simple linear cor-
relation coefficients, making it ditficult to specutate on
the effect of changes in any one variable without
knowing (or assuming constancy) the changes in the
other variables. Given the huge sample size, very low
carrelations have high statistical significance (even
considering the day-to-day persistence of the DTR).
On a local basis. a generalized multiple linear regres-
sion mode! {one moedel - ali stations and all days)
based on the seven chiiatic variables in Fig. 8a
explains about 55% (53°% without the square-root
transformation) of the daily vanance of the CTR.
Although the explained variance is substantial, 1t i
apparent that other factors may also need to be
considered with respect to explaining the variations of
the DTR {e.g., better representations of the atmo-
spheric stability, externa! forcing factors, mare precise
techniques to calculate the mean quantities used in
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the analysis), or that the relationships are not ad-
equately expressed by a linear equation or both.

On a variable-by-vanable basis the signs of all the
partial correlations make qualitative physical sense. It
is interesting to note the higher partial correlation of
ATMP compared with the simple correlation coeffi-
cient (Fig. 8a) as the correlation between TRAD and
ATMP mask the importance of ATMP in influencing
DTR. The decrease of the partial correlation relative to
the simple correlation for the variables RH. CIG, and
SKY is to be expected because changes among each
of these variables are related to each ather. The
decrease inthe partial correfation of SNOW is particu-
larly noteworthy, especially since Cao et al. {1992}
attribute the ablation of snow cover intheir model to an
increase in the DTR. The empirical results in Fig. 8a
suggest that SNOW is only weakly related to the DTR,
especially compared to other variables.

In order to investigate the linearity, or lack thereof,
of the refationships implicit in Fig. 8a, the data were

1017

C-13



TaeLe 4. Defimtions and abbreviations of the climatic vanables used to test the

sensitivity of the dwmal temperature range.

TRADIncreasesisrelatedto the decrease
in intensity of the day-to-day changes of
temperature during the warm season.

Variables

Abbreviations

Rossby waves and extratropical cyclones
have reduced amplitude, speed. and i»-

tensity during the warm season.

Diurmal temperature range (daily max—daity min) DTR A change in sign of the partial correla-
Snow cover {binary, if snow depth 2 54 cm) SNOW tion coefficient of SNOW with the DTR
Mean relative humidity (0600 LST and 1500 LST) RH (Fig. 8b) suggests that the length of night
Mean wing speed (0600 LST and 1500 LST) WS relative to the TRAD is a significant factor
Mean sky cover (0600 LST and 1500 LST) SKY when considering the impact of changes
Mean ceiiing (0600 LST and 1500 LST} oG in SNOW cover on the DTR. IQ the nonh.em

. - United States, around the winter solstice,
Totai daily top of the atrmosphere solar radiation TRAD TRADIs relatlvely low. Snowen theground
Day-to-day temperature diffarences at this time of the year is important be-
(TMP ~TMP i + ITMP —TMP )} ATMP

cause of its excellent insulation (reduces

partitioned by TRAD. Figure 8b provides strong evi-
dence to suggest that the relationships change with
the amount of TRAD. In particular, the partial correla-
tion coefficients of RH, WS, and SKY become stronger
as TRAD (and thus temperature) increases. This
probably has more to do with a reduction of the
maximum temperature than an increase of the mini-
mum. During daylight hours high values ot the RH,
WS, and SKY are indicative of higher albedos. higher
potential evapotranspiration, higher atmospheric wa-
ter vapor absorption of incoming radiation. and larger
than normal mechanical mixing. These factors act to
retard the maximum temperature that would otherwise
result from high intensity TRAD, which would be
manifested as sensibte heat within the surface bound-
ary layer. The nonlinearity of RH as TRAD increases
is substantially greater than WS (Fig. 8b). As the
TRAD to the surface increases the temperature in-
creases, and a greater portion of the TRAD can be
used for evapcration compared with raising surface
temperature, as would be anticipated by the Clausius—
Clapeyron equation when integrated to obtain satura-
tion vapor pressure as a function of temperature.
The reduction of the partial correlation of TRAD with
the DTR after partitioning by TRAD (Fig. 8b) relates to
the balance between long nights and short days.
During the late autumn and early winter in the northern
haif of the United States (areas that include the lowest
partition of TRAD), a moderate increase in the TRAD
{by interseascnal and latitudinal variations) generally
results in a higher DTR. Contrarily, in the warm half of
the year, TRAD and its associated daylight are more
than ample so that the relation between TRAD and
DTR is near zero. In fact, a further panition of the
TRAD into a very high calegory leads to negative
partiai correlations between TRAD and the DTR.
The reduction of the partial correlation of ATMP as
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heat flow from the soil) and high emissiv-
ity. which help lower the nighttime mini-
mum. During the daytime the TRAD is already low, so
the amount of solar radiation reflected by the snow
cover is no longer as important. As a resull. snow
cover at this time of the year and these latitudes leads
10 an increase in the DTR. This is not the case as the
season progresses or the latitude decreases, as re-
flected by the negative partial correlations (lower
vaiues of DTR with snow cover) associated with the
nighest category of TRAD; there were still nearly 1000
cases of snow cover. The data suggest that snow
cover ablation will not necessarily lead to an increase
of the DTR.

From the aforementioned analysis, it is apparent
that there are many factors, often intricately reiated,
that affect the DTR. Many of the variations in these
variables are very much related lo a greenhouse
effect, some of which may be anthropogenically’in-
duced. Overail, the two variables related to changesin
cloudiness, sky cover, and ceiling height explain the
greatest portion of the variance of the DTR. Changes
in cloudiness should be one ot the tirst considerations
in searching for an explanation of the observed de-
crease of the DTR (Fig. 2}. Indeed, when large conti-
nental scales are considereg, the relationship be-
tween cloud amount (or sky cover) and the DTR s
quite impressive (Fig. 9). Plantico et at. (1990) have
already demonstrated that the decrease in the DTR
over the United States is strongly linked to an ob-
served increase in daytime and nighttime cloud cover
and a lowering ¢f cloud ceilings.

Is there a general increase in cloud cover over
much of the globe? Empirical evidence by Henderson-
Seliers (1986. 1989, 1992) and Jones and Henderson-
Sellers {1992) suggests this may be the case over
Canada, the Uniled States. Europe, the Indian sub-
continent, and Australia. Analyses of cloud cover
changes over the PRC from a network of 58 stations
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across the PRC are inconclusive, butthere is evidence
for a decrease in the sunshine (a 2% to 3% decrease
in sunshine from the 1950s to the 1980s). The quality
of the cloud data {and perhaps the sunshine data) is
questionable because the correfation between monthly
anomalies of sunshine and cloudiness at many sites is
not high. Analyses of changes in cloudiness over the
former USSR by Balling {1992, personal communica-
tion) reveal a general increase of cloud cover (3.5%)
during the period 1965-86 with stratus and stratocu-
mulus clouds {low ceilings) inc:easing in frequency by
about 2%. He also found considerable interannual and
interstation variability, so the quality of these data
could also be called into question, Nonetheless, the
trend over the former USSR is consistent with a
decrease in the DTR. Frich (1992) and Bicher and
Dessens (1991) also found that decreases in the DTR

in Denmark and at the Pic du Midi de Bigorre Obser-
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Fic. 8. Relationship between various chmate vanables and the
diurnal temperature range. (a) Simple and partial correlation coeffi-
cients (remaving the etects of ail other variables) between each
variable (defined in Tabie 4) and the diurnai temperature range. (b)
Partial carrelation coefficients of each variable for cases partitioned
by the total daity solar radiation at the top of the atmosphere 170
Wm # (low}; 271 Wm? (high); remainder {moderate)
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vatory occurred with an increase in cloudiness. An
analysis of changes in cloud cover over Japan, using
many of the same stations selected for the analysis of
the maximum and minimum temperatures, indicates
cloud cover may have increased on an annual basis by
nearly 1% since 1951, but there is no apparent re-
sponse in the DTR. Changes in sunshine in Japan are
not altogether consistent with the increase in cloud
cover, but a new sunshine instrument was introduced
into the network in 1986.

4. Large-scale anthropogenic effects

a. Greenhouse gases

Interest in the potential change of the DTR with
increasing anthropogenic greenhouse gases has
prompted several modeling groups to publish informa-
tion from their models regarding the projected change
i the DTR from doubled CO, experiments. Table 5
summarizes the results of these models. For the GCM
experiments, the magnitude of the decrease is small
relative to overall warming of the mean global tem-
perature. Moreover, these experiments reflect a level
of CO, increase weil in excess of present-day values,
50 even smaller changes should be expected in the
observed temperature record.

Cao et al. {1992) also conducted a number of
experiments with a one-dimensional radiative—con-
vective model (RCM), which showed that the de-
crease in the diurnal temperature range with doubled
CO, in that model 15 primarily due to a water vapor
feedback. Only a 0.05°C reduction in the DTR was
observed when the absolute humidity was held con-
stant. Table 5 indicates that the increased sensible
heat exchange and evaporation are aiso important
factors leading to a reduction in the DTR in RCM
simufations with enhanced CO,,.

Interestingly, the ratio of the DTR decrease relative
to the increase of the mean temperature in the RCM
compared with the GCM is closer to the observed ratic
over the past several decades (Table 5). The RCM
omits the positive feedbacks to the DTR from reduc-
tions in cloud and surface albedo as contained in the
GCM simulations (Cac et al. 1992). This tends to
increase the DTR because of reduced atmospheric
(cloud cover) and surtace (snow cover) albedo. Other
GCM simulations have both increases and decreases
in cloudiness with globai warming: decreases in much
of the troposphere, but increases in the high tropo-
sphere, low stratosphere. and nearthe surface in high
latitudes (Schlesinger anc Mitcheil 1985). if the obser-
vationat evidence is correct regarding the tendency for
a generalincrease in cloud cover over the jand (which
now seems likely), then this could help explain the
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TanLe 5. Summary of modehng results with respect to the telatonship between doubled CO. concentrations and changes in the dwrnal
temperature range (DTR) and the maximum and minimum temperatures Abbrewviations are AT, 15 the equilibrum global temperature
change (*C) for doubled CG. concentrations ADTR s the equilibrium globa! change of the DTR ( C) for doutled CO, concentratons cec
is the Canadian Climate Centre, GISS 1s the Goadard Institute for Space Studies, and UKMO 1s the U. K Metecrological Otfice.

GCM Model i Author Resolution Ocean : T. DTR,,
' Honz. Ver.
!
j i I
cce ; Boer 1988 oooTae | 10 Mixed layer 35 -0.28
‘ !
GISS . Rind et al. {1989) 8 x10 i 9 | Mixed layer 4.2 =07 (sum. USA)
i ! —0.1 (ann. USA)
! I
UKMO i IPCC (1390) B x10° 11 Mixed layer 52 017
UKMO * Caoetal (1992} 5 x75 | | Mixed layer 6.3 -0.26
! I

Radiative Convective Model {Cao et al. 1992)

Type Maximum T, . Minimum T.: DTR
| !

Fixed absolute humidity X X ‘ -0.05

No surface turbulence 25 ' 29 04

No evaparation 2.3 T 29 ‘ 0.6

Full surface exchange 15 \ 22 I o7

large discrepancy between the observed data and the
maodel projections of the ratios of the decrease in the
DTR range relative to the mean temperature increase.
This assumes, of course, that the recent warming is
induced by increases in anthropogenic greenhouse
gases. On the other hand, this raises guestions re-
garding the cause of the apparent change in cloudi-
ress and how it has impacted ‘he mean temperature.

The ability of present day GCMs lo adequately
simulate projected changes in the DTR withenhanced
COQ, is aiso affected by surface parameterizations of
continental-scale evaporation. As Milly (1992) paints
out, present-day GCMs can overestimate the surface
evaporation because of the failure to properly account
for the cooling that occurs with the evaporation. Milly
(1992) raises concerns about the veracity of the re-
sults from studies of soil r 2isture changes induced by
an increase of greenhouse gases. Accuralée projec-
tions of the change inthe surface boundary-layer TR
with increases of anthropogenic greenhouse gases
will be strongly dependent on adequate simulation of
these processes.

Given the dependency of the DTR on surface-layer
processes. interactions with the land surface, and
cloudiness. &li areas of significant uncertainties within
present-day GCMs. it may not yet be possible to
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adequately project changes of the DTR with enhanced
concentrations of greenhouse gases.

b. Tropospheric aerosols

It has recently been shown that increases in sulfate
aerosols over and near industrial regions can signifi-
cantly impact the earth’s surface heat balance
{Charlson et al. 1992). Charlson et al. (1991) and
Charlson et at. {1992) provide evidence to indicate that
the anthropogenic increase of sulfate (and carbon-
aceous) aerosol is of sufficient magnitude to compete
regionally with present-day anthropegenic greenhouse
forcings. This fercingis contined primarily to the Nerth-
ern Hemisphere and is a combination of direct aerosol
forcing {especially over the fand) and indirect aerosol
torcing leading to increases in cloud albedc (espe-
cially over the marine environment). Al present,
Charlson et ai. {1992) conclude that it is too uncertain
to estimate the effects of suffate aerosals on the
lifetime of clouds {smaller droplet sizes leading to a
decrease in the fallout rate) which presumably could
lead 1o an increase in cloud cover. Charlson et al.
{1991} provide the gecgraphic pattern where direct
aerosol forcing should be greatest. It is difficutt to
identity a direct relation between the patiern and
magnitude of the decrease inthe DTR {Fig. 2) anc the
anthropogen:ic radiative forcing calculated by Charison
etal. (1991). Moreover, Karl et al. {1986a) and Karl et
al. (1986b) provide evidence to suggest that there is
little change of the maximum relative to the minimum
termperature in the United States for cloudless skies
even when the daily data are stratified by dewpointand
wind direction.

Recently. Penner el al. 11992) have argued that
atmospheric aerosols from biomass burning also act
1o increase the planetary albedo both directly ty clear-
sky planetary albedo increases and indirectty through

Vol 74. No. 6, June 1393
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increases in cloud alpedo. Since biomass burning is
most extensive in subtropical and tropical areas, this
effect may be directly relevant oniy to a small portion
of the dala analyzed here.

Two tropospheric aerosol forcing agents {aerosols
from sulfur emissions and biomass burning) have
been identified that tend to increase the clear-sky
albedo. Neither forcing is believed to have dominant
infrared forcing. The question arises whether either of
these forcings has acted to reduce the maximum
temperature and thereby the DTR. in the Uniteg
States and northern (and perhaps eastern) Europe,
however, where we detected a significant decrease in
the DTR, there has actually been a net decrease in
sulfur emissions over the past several decades that
would qualitatively appear to eliminate suifate aero-

sols as an influence on the DTR in these areas. There
arereasons why such a conclusion may be premature.
First, the climate forcing due 1o tropospheric aerosol
icading is influenced both by the emission rate and the
residence times of sulfate aerosol in the atmosphere.
In the United States, at least, the effective heights, or
stack heights, of the sultur emissions have increased
as a consequence of the U.S. Clean Air Act. This may
have had an effect on the lifetime of the SO, and
suifate aerosols

5. Conclusions

Strong evidence exists for a widespread decrease
in the DTR over the past several decades in many
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regions of the globe. There are many possible climatic
factors that aftect the DTR, but indications are that
cloud cover, including low clouds, has increased in
many areas that have a decrease in the DTR. The
increases in cloud cover could be indirectly related to
the observed global warming and increases of green-
house gases, related to the indirect effects ot in-
creases in aerosals, simply a manifestation of natural
climate variability, or a combination of all three.

A robust answer regarding the cause{s) of the
decrease in the DTR will require efforts in several
areas. First, an organized global effort is required to
develop relevant and homogeneous time series of
maximum and minimurn temperature along with infor-
mation on changes of climatic variables that influence
the DTR such as cloudiness, stability. humidity, ther-
mal advection, and snow cover. Second, improve-
ments in the boundary-layer physics and treatment of
clouds within existing GCMs are critically important.
Third, the treatment of both anthropogenic tropo-
spheric aerosols and greenhouse gases must be
realistically incorporated into GCMs with a diurnal
cycle. Fourth, measurements need to be made to help
clarity the role of aerosols. Finally, imaginative climate
change detection studies that fink the observed cli-
mate variations to mode! projections will be requiredto
convincingly support any relation between anthropo-
genic-induced changes and the DTR.

It will be difficult to satisfactorily explain the ob-
served changes of the mean temperature until an
adequate explanation for the observed decrease in
the DTR can be determined. Moreover, the practical
implications of projected temperature changes and
whether they are likely to continue will be even more
difficult 1o assess.
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GLOBAL WARMING:
EVIDENCE FOR ASYMMETRIC DIURNAL TEMPERATURE CHANGE

Thomas R Karl}, George Kuklaz, Vyacheslav N. Razuvayevﬁ' Michael I. Cha.ugc{y‘
Robert G. Quayle , Richard R. Heim, Jr.}, David R. Easterling', Coog Bin Fu

ABSTRACT, Analyses of the year-month mean maxmum
and minimum surface thermometric record have now been
updated and expanded to cover three large countnes in the
Northern Hemisphere (the contigucus United States, the
Soviet Union, and the Peopie’s Republic of China). They
indicate that most of the warming which bas ccauTed o
these regions over the past four decades can be attributed
to an increase of mesn minimum (mostly oighttime)
temperatures, Mean maximum (mostly daytime)
temperatures display little or ng warming. In the USA and
the USSR (no access to data in China) similer
characteristics are aiso reflected in the changes of extreme
seasonai temperatures, ¢.g., inerease of exreme minimum
temperatures and little or no change in extreme maximum
temperatures. The coptinuation of inereasing minimum
teraperatures and little overall change of the maximum
leads to a decrease of the mean (and extreme) temperanure
range, an important measure of climate variability.

The cause(s) of the asymmetric diurnal changes are
uncertain, but there is some evidence to suggest that
changes in cloud cover plays a direct role {where increases
in cloudiness result in reduced .maximum aod higher
minimum temperatures). Regardless of the exact cause(s),
these results imply that eitherz (1) climate model
projections coasidering the expected change in the diurnal
temperature range with increased levels of the greenhouse
gases are underestimatng (overestimanng) the rise of the
daily minimum (maximum) relative to the maximum
{minimum), or {2} the observed warming in a considerable
portion of tbe Northern Hemisphere landmass is
significantly affected by factors unrelated to an enbanced
anthropogenically-induced greenhouse effect

Inroducton

It is pow weli established that the global average surface
temperature has risen between 03 and 0.6°C since the
latter half of the cinereenth cenmury [Istergovernmental
P:pel on Climate Change-I[PCC, 1990]. The analysis of
diurnal characteristcs of the warming however (and their
possibie relationship to increascd concentrations of
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greenhouse gases); have been of limited spatial domain
[Karl et al,, 1984, Plantico et al., 1990]. A lack of
computer-corpatible daily maximum {mostly daytime) and
minimum (mostly ighttime) temperatures preveated the
IPCC from making a comprehensive assessment of changes
of diurnal and extreme temperatures associated with the
observed global warming {TPCC, 1990]. '

Over the past few years, climatologists in the USSR and
the PRC bave worked with USA scientists to build data sets
which contain year-month mean macmum and minimus)
temperatures for a large number of stations. These dataare
important for & better understanding of how global
warming may be related to increased concentrations of
anthropogenic greenbouse pas emissions. They also
provide the basis for understanding how climate change
may impact our socio-economic and biogeophysical
systems.

Data

Year-month mean maximum aod minimum
temperatures were derived from 500 (of the 1200) high
quality US Historical Climate Metwork (HCN) statonr 1o
the USA [Kari et al, 1990}; 190 rural synoptic and $1aLop
posts in the USSR, and 57 statigns in the PRC, (excluding
the southwest portion). Stations were reasonably
well-distributed across the countries with the exception of
southwestern China and the western one-third of the USA.
The southwestern portion of the PRC was omitted from the
apalysis and area-weighting was used 10 rainirr:ze the
effects of spatial inhomog=oeity iz the USA (Figure 1) and
clsewhere. These coungies represent about 40% of the
Northern Hemisphere land mass, and over 25% of the
global land area. In addimen to the year-month mean
maximum aod minimum lemperatures, the bighest and
lowest observed temperatures {extremes) witlun each
moath were also compiled for many staticns within the
USA and the USSR (Table 1).

An important aspect of any surface-based land analysis
of temperature chacge relates to the potental impact of
growing urbap heat islands. In this analysis the data used
for the USA {excluding the extremes) have been adjusted
for urban heat island biases using the procedures described
by Karl et al. [1988]. The swedon network we use in ibe
USSR is  rural nerwork (oo stadon in a aity with populauon
of 10.000 or more). The PRC networ} consists of several
stations in and near large cities, but many of the siations
were also used by Jones et al. [1986] as described in Jones
etal {1985} In previous wark [Jones ¢l al.. 1990; Wang ¢!
al, 1990}, we have compared the data in the PRCused by
Jomes et al [1986] in the eastern half of the PRC(the region
which coniains the most urbanized s1ations) to vanous
networks comprised of only rural or urban siauons, These
analyses indicats that urban heat island biases derived from
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loog-term stations in this portion of the globe are relatively
small { - 0.1°C) over the time period we address in the PRC.

It should also be noted that detailed station histories
bave been compiled for each of the stations we use. There
is no evidence to suggest that either observational practices
or instruments may have introduced systematic
{nhomogeneities in the data we analyze.

Procedures

The time periods sefected for analysis were chosen so
that virtually all stations spanned the entire period of record
with few, if any, missing observations. Temperatures were
transformed to temperature anomalies from the 1951-80
base period before aggregating them into regional mearts.
This is a common practice in developing temperature time
series, It helps prevent biases from entering the time series
when the station retwork.varies [Jones et al, 1986], even
though the netwarks used here are quite stable.

The year-month temperatures from the USA HCN have
undergone extensive homogeseity checks and assessments
[Karl et al, 1990); so no furtber quality control was required.
However, a correction was performed for a change at seme
stations (25%) in the type of temperarure measurement
(the electronic maxdimum/ minimum temperature sysiem)
system used during the late 1980s [Quayle et al, 1991].
Daily temperature extremes were availabie for « subset of
these high-quality USA HCN swtons (Table 1) and all the
stations we analyzed for the USSR. Year-month
temperature extremes of the daily maximum and minimum
as well as the year-month mear maximum and minimum for
the USSR and the PRC were inspectad for consistency and
outliers prior 10 use in this analysis.

Table 1. Data used in this analysis Abbreviations are:
USA—United States of America, PRC—People's Republic
of China, USSR—Unmion of Soviet Socialists Republics,
POR-—Period of record, Stns—Starjons.

Mean Extreme
Max & Min Max & Min
Counmy #of POR #0of POR
Stns Stms
Usa 497 1901-1990 357 1911-1989
PRC 57  1951-1989 no no
access access
USSR 190 1936-19%6 190 1936-1986

Unioa of Soviet
Socialisu Republic
~

Kar & al.: Global Warming

Uaited States of America

Fig. 1. Station distribution {dots) and climate divisions used to calculate national and regional area-averages.

Regional averages of temperature were calculated
within various areas of each couatry (Figure 1) by
arithmetic averages of cach station’s year-month mean
temperature anomely aod the year-month 1-day extreme
temperature anomaly. Anomalies were calculated from
1951-80 mesn monthly maximum 28d minimum
temperatures. Each region was area-weighted to form
national averages.

Results

For each of the three countries the change of the anoual
mean maximum temperature shows little or po increase,
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Fig. 2. Variations of temperature (°C) for: a)
U.S.A. mean aonual maximum and minimum
temperature, b) same as a) except for the USSR, ¢)
same as a) except for P.R.C. Solid Line: 9 point
binomial filter, Dashed Line: lincar trend.
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Table 2, Tempersture trends {*C/100yr) over the period of record given in Table 1 and since 1951 A double gnd_crl.me
tepresents trends significant at the .05 level {two-tailed) and a single underline the .10 level A "#* denotes a significant
(.05 level) deviation from a linear trend. Note that due to the-nature of trend analysis one-half the slope of the maxmum
plus one balf the siope of the minimum is not necessarily equal to the slope of mean temperature. MAX-MIN icplies

maxdmum minus miniomum or the range.

MEAN MEAN MEAN  EXTREME EXTREME EXTREME

Max MIN MaX-MIN MAX MIN MAX-MIN
Usa 1901 1951 1901 1951 1901 195§ 1901 1951 1901 1951 1901 1951
WIN 03 230 04 10 01 21 02 22 02 -20 0.5 -02
SPR 06 19 * %_g 00 07 02 13 02 21 L4 -08
SUM 03# -03# # 0. L6# . 074 05 Q64 0.6 43 -12
AUT  01# 29 14 Lo# 024 .23 01 13 W3 A8
ANN 03¢ 05 10# 03 Q2# 10 02 03 04 -12
USSR 1936 1951 1936 1951 1936 1951 1936 1951 1936 1951 1936 1951
WIN 05 16 14 29 #.12 11 20 28 41 -17 .21
SPR 1.0 28 12 ﬂ J3 09 18 28 Al 19 4
SUM 45 07 04 # A2 47 S 03 03+ -10 -
AUT 49 L0 03 26 Ll#:lp :14 -L0 094 1§ Pt g
ANN 01 12 L0 25 DE#-ld 00 03 LEs L9 LbBe 2
PRC 1951 1851 1951
WIN 13 3 nO acCESS OO ACCESS Do access
SPR 0.0 E.i ﬁ N0 access RO access DO ACCess
SUM 14 -4 Ll nO access  no aceess DO aceess
AUT .4 J_% Pk DO 2CCess DO aceess Do access
ANN 02 I} 24 DO access RO 2cCess no access

while the minimum temperature increases substantally
(Figure 2). Similar characteristics are also observed for the
exreme temperature anomalies, In each country the
increase of the minimum temperature (both means and
extremes) is most pronounced beginning around the late
1950s or early 1960s. These asymmetric rends are best
reflected by the decrease in the mean and absolute
lemperarure ranges.

Linear wends are used to summarize the observed
changes of temperature presented in Figure 2, but we make
co claim that the changes are best reflected by linear
changes Indeed, two-phase regression analysis {Solow,
1987} was used to test for significant departures from linear
trends with less than 20% (expected at least 5% by chance
alone) showing smtsncally significant departures (Table 2)
from a linear trend. Since 1951 all of the warming in the
USA and the PRC is due to the increase of the minimum
temperature (Table 2). A similar characteristic, but not as
one-sided, has been observed in the USSR (Table 2).
Standard tests of statistical significance indicate that for
moest areas and seasons the decrease of the temperature
range (MAX-MIN) is statistically sipnificant On a scasonal
basis since 1951 (when all thres countries have a common
period of record) there is a preference for decreases in the
maxima (both means and extremes) duriog the summer and
aumumz, but these are more than offse: by the increases of
minima, especally during the winter and spring.

Changes in the range of extreme temperatures is an
important measure of climate vanability, Analyses reveal a
general decrease of the range (Table 2), with the notable

exception of winter temperatures in the USA over the past
four decades.

The spatial characteristics of the treads of the aanual
mean maximum and minimum are similar across large
portions of the USA, USSR, and the PRC, Iathe USSR tne
increase of the extreme minimum relative to the extreme
maximum is well expressed across much of the country. In
the USA the increase of the extreme minimum relauve 10
the extreme maxdmum is most srongly expressed 1o ths
western pan of the counmy, but is also weakly expressed
elsewhere,

Discussion and Conclusion

Al:hough we cannot offer a definitve explanatioo for the
asymmetric changes, these results require careful
consideration in our anempts to explain contemporary
climate variations and chapge.

Based og GCM model simulatons the IPCT states that
“there is no compelling evidence for a general reducnon:n
the amplitude of the diurnal evele,..” resulting from
increases of greenbouse gases {IPCC, 1990). This
conciusion bears close exarmunation in light of the observed
temperarure changes over the past four decades, especaliv
since the diurnal cvcle is directly affected by quandties suca
as surface wetness, cioud cover, and surface albedo which
are highly variable from modei-to-model [[PCC, 1990]. If
the IPCC is correct, other farcings must be operaung o
mitigats the warming of the daily maximum temperanire 1
3 large portion of the northern hemisphere. Seme of these
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other factors could include changes in cloudiness and
serosol loadings, but itis entirely possible that the observed
changes are the result of parural Auctustions within the
climate system,

At present we lack an adequste understanding of the
causes of differential changes in the mean and extremes of
maximum and minimum temperatures. This is a
fundamental characteristic of recent climate variation over
a large portion of the northern hemisphere land mass, and

it must be better understood before we can confidently*

project the climate or climate impacts on future society and
ecosystems. This will require rigorous atmospheric
¢hemistry and climartological monitoring and analysis
efforts.  Additionally, improved modelling efforts are
required which would consider the combined impact of
changes of greenhouse gases, surface characteristics, and
la:rbsols on the diurnal cycle in the atmospheric boundary
yer.
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Table 2. Temperature trends (*C/100yr) over the period of record given in Table 1 and since 1951. A double underline
at the .05 leve! (two-tailed) and a single underiine the .10 level. A "#° denotes 2 significant
near trend. MAX-MIN implies maximum minus minimum or the range.

represents trends significant
(.08 level) deviation from & 1

MEAN MEAN MEAN  EXTREME EXTREME EXTREME

MAX MIN MAX-MIN MAX MIN MAX-MIN
USA 1901 1951 1901 1951 1901 1951 1911 1951 1911 1951 1911 195}
WIN 03 .22 04 07 01 08 02 22 02 20 05 02
SPR 0.6 23 Lo# 25 00 02 02¢ 13 02 21 04 -08
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