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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, Oak Ridge National Laboratory, Oak Ridge,
Tennessee. 127 pp.

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 Clirnatic 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 No., name,
coordinates, and elevation); (4) station history information (station relocation and rain gauge
replacement dates); and (5) quality assurance information (i.e., 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

Paayaaea, B. H., E. F. Anaaoaa, P. A. MapTyrauoa. 1993. CyTOqnble J_aHnbm 0
TeMnepaType aoaJIyxa n CyMMe oca_Koa no 223 CTaHU_14aMCCCP. OPHJI/H, AH-56.

FILI_-040. _enTp AHa/Inaa HiI(I_OpMaI_HH no YrJIeK14C/IOMy Faay, OKpHJDKCKa31

Ha_noaaJim_an JIa6opaTopna, OK P_, TeHHeccn. 127 CTp.

23 Ma_ 1972 roj_a CoeJIHHetlHble IlITaTb! AMepnKn 14 COBeTCKI4_I COIO3 3aK/HOqH/IH

j_BycTOpOHim_ jloroaop, naaeCTHbtfl KaK "Coraamenne o CoTpyjlnnqegrrae a O6JIacrn Oxpa_l_

OKpyxalotae_ Cpe_bi M. OcHoallOl_ Reahaa _oroaopa, KOTOphI_ OCTaeT¢I_ n ¢14ae HeCMOTp_I Ha

pacna_ CCCP, _B/DIeT¢_ co_eflcTaHe GB_I3_MMeXc_y j_ByMR CTpaHaMn BO Maoroq_caeaab_X ar_n_x

no oxpaHe OKpy_a_me_ CpeJIbL B nacToautee apeM_ J_oroaop cnoco6cTayeT CoaueCTHLtM

nccJIej_oaaH_M no rpahHe_ Mepe a 11-Tn "Pa6oqnx Fpynnax" (T.e., 06aacTaX nay_eHa_).

B peay/IbTaTe npo_a.qeHHoro 1411Tepeca K BO3MO_KII0¢T14I43MeHeHHI_IK_}IMaTa nO_ B.rlH_III14eM
aTMOC_epHbrX ra30a, Pa60qa_ Fpynna VIII (B_nmme n3MeHe_14_ OKpy_amme_i Cpe_b_ Ha

KanMaT) 3a_aa oc060 aa_KnOe MeeT0 B Hayqno_ cqbepe 06enx ¢TpaH. Cpeg_ MHOFOqHC_elIHblX
_OCTm_eHn_ Pa60qa_ Fpynna VIII 14rpaeT Ba_y_a poa_ a 06MeH¢ KJIHMaTO_IOI_IqeCKO_
l,IH_OpMal_Vlel_l Me_g,313'L_etlTpaMH K.ql,IMaT14qecKHX jlamtb_X 06enx cTpaH [a I,IMeHHO: HaLmoHa.abn_.n_

I_aTp KJI14MaT14q_CKI4X J_aitHbIX (HL_K_ B AIJJBHJIJI¢, C_BCplla3l KapoJIHaa, 14 HayqHO-

HCC/IeKOBaTeJIbCK14fl H14CT14TyT F14jlpOMeTeOpOJlOr'14qeCKO_I/IH_OpMa_HH a O611HHCKe,

POCCH_I].I'IpHIIHMa.qBO BIIHMalIH_ OTllOC14TeJlb14ylo14_XBaTKy B KJIHMaTHq_CKHX J_aHHbIX,

llO/IyqellHblXpaHe_ H3 CCCP, Kallllhle,noJ_y,_em_L_ec rlOMOLLlbIOjlOFOBOpa O j_ByCTOpOIIIIeM

06MClI_,0C060 K_llllblJIJI_yqellh[X3a llpej_/laMH6hlBLLIeFOCOB_TCKOFO Colo3a.

_aR yCKOpClIHRpacrlpOcTpallClmR 3THX J_atlllbtX, HalLHOHadlhllaJI A_MHtIHCTpalL14RIlO 143yqcitHIO

OKcaHa H ATMOCqbeph_ (HAOA) 8 paiKaX ttayqii0-HCCnCA0saTe_ibCKO_i nporpaiMb_ no H3yqctmlO

rnO6a.qhHblX HaMeHeH14gi K.qniaTa npmia_a pemenHe _mlancnpoBaT_, L_et_zp Attaanaa

HH_0pMat_mt no Yr_eKHCaOMy Faay (LI_H) H HI.[K_ _a_ alta:Inaa n ny6_nKatmn na146o_oe

noRoaHoro apxm_a j_atmblX, npno6peTemioro BcaeJICTBH¢ O6Mella: CyT0qIIL,I¢ J_aHHl,Ie no 233

MCTeOpo.rIOI'I4qeCK14M CTalIILH_IM, oXBaTI_IBaK)ULH¢ nepno_ c 1881 no 1989 roa_,L _T_ AaliilblO

co_cpacaT: (1) CyTO'm_C HaMepCHHa cpeaHefl, MHH14Ma/IbHOI_I14 MaKC14Ma-qhHO_ TeincpaTyp; (2)
CyTOqltbi¢ _amn,Ie o CyMMe oCa_KOB; (3) n0J_pO611a.q 1411_opiati14g 0 Ka,'t_O_ CTalttU414 (NiMO No.,

naaaaRne, KOOp_HilaTbl 14 BblCOTa ila_ ypOBIleM MOp_l); (4) 14CTOpHqeCKa3I 1411_opMalL142

(nepeietttettl4e CTaUt[1414 14 _aTa nepecTat_oaK14 oca_Koiepa); (5) ml_opia_l_I o Kaq_CTBe

J_a1411bIX(T.e., KOj_hl KaqecTBa vm_opMat[1414, KOTOpbl_ ViCnO.rik30Ba.q14CbKaK pe3y_bTaT pa3JI14qliblX
rlpoBepOK _allItL, IX). j_aHllhle MO_KIIO 3aKa3aTh (_ecrlnaTilO B a14j_e I-IaKeTa L[14dpp0BhlX j_alillblX

(FI_ qepe3 LLAH. FILI_ COCTOHT H3 18-Tn _aftaoa 14 ttaneqaTamioro _0KyMettTa, KOTOpb_
no_p06HO OnHCbmaeT KaK _alTi/Ibl J_allHblX, TaK H 1411d_opMaKHtO 0 223 CTaULt14_X.

KalOqeBIAO caoBa: Cpe_llaa TeMrlepaTypa; MaKCHMa.ql, tla_l TeMIIepaTypa; MHl114Ma.qhltaVt
TeMnepaTypa; oCa_KH; CyTOqIlbl¢ aallllhle; CCCP; 6blBttlH_ COB_TCKHiTi Coio3.
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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

II. Prevention of Pollution Effects on Vegetation
III. Prever:tion of Pollution Associated with Agricultural Production
IV. Enhancement of the Urban Env_,onment

V. Protcctio_ of Nature and the Organization of Preser_es
VI. Protection of the Marine Environment from Pollution
VII. Biological and Genetic Effects of Environmental Pollution
VIII. 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
VIII 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 eli,hate 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 Agreement 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)

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 additionM 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:

[] the meteorological, geographic'd, and historical variables contained in the data set;
[] the methods and instruments used in collecting the meteorological observations; and
[] the temporal and spatial coverage of the station network.

2.1 Variables

Daily mean, minimum, 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
1966-89, four times a day from 1936-65, and three times a day from 1881-1935. Daily mean
temperature is def'med as the average of all observations for each calendar day. Daily
maximum/minimum temperatures are derived from maximum/minimum thermometer
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 (to 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 include 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 to 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 th_mghout 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 Hydrometeorologicai 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 -4).2"C. From 1966--present, all thermometers were checked at 3-h
intervals beginning at midnight Moscow winter Legal Time (MLT) (MLT being three hours later
than Greenwich Mean Time). This rendered the bias in daily mean temperature insignificant.

Precipitation

i

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 (see 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 in_rumentation

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 observations, 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 surrotmding thermometers.

1883 Daily minimum temperature thermometer checked at 0700 and 2100
LMT (lower value chosen); multiple measurements taken ordy 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 Officiai meteorological instructions specified exact size/height of screens.

1936 Measurements for computing daily mean temperature taken at 01(X),
0700, 1300, and 1900 LMT (or at 07(X_, 1300, 19(_, trod 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
begilming at midnight MLT; bias in daily me_m temperature eliminated.



Table 2. Precipitation recording methods and instrumentation
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Year Recording method/instrumentation implemented

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

1883 Official meteorological 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;

wetting corrections <0.2 mm applied to each hourly measurement
(Because four observations per day were collected at stations in time
zoncs 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 15(X_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.
There',ffter, 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, hi general, however, Arctic regions in the eastem 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 (90%) 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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Figure 2. Observing network in 1885. Weather stations are denoted by large black dots. With only 36 posts collecting
data, coverage of the country was extremely poor. Most stations were located in major population centers west of the Ural
mountains and at ports along the Black and Caspian seas. In contrast, vast tracts of Siberia were virtually unrepresented.
Coverage over the eastern half of the country remained sparse through the late 19th and early 20th centuries.



Figure 3. Observing network in 1935. Weather stations are denoted by large black dots. With 117 posts collecting data,

most of the country was well-sampled. However, because of their relative underpopulation, some areas north of the Arctic Circle
and east of the Ural mountains still lacked adequate coverage. Many of these gaps were filled the next year, when 65 additional

posts were opened.
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Figure 4. Observing network in 1985. Weather stations are denoted by large black dots. With 222 posts collecting data,

virtually all of the country, with the exception of a few areas north of the Arctic Circle and east of the Ural mountains, was

well- sampled. From a practical standpoint, the data set can probably be used to study long-term climate variations over the

USSR as a whole for the period 1936-89.



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 exteltsive 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:

[] incomplete met'adam (particularly station history information) for 202 stations,
[] suspect data values and flag codes for all stations, and
[] 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 elevations). 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 fl_r 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 tor 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: (I) the presence of bogus dates
such as 31 September; (2) the nonchronological sorting of entries; and, most important (3) the lack
of inflmnation for some stations. Alter 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/montlffday.

3.2 Suspect Data Values and Flag Codes

CDIAC received the daily data set in two shipments, the first containing data fl_r 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 transporl. No problems of this type were identified.
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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, ht 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 mssuspect. 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 tbr 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.
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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 ntunerous 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 earnest in 1905, though a few observations
are available as early 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-

20-

0

-20

-40

-60
1890 1910 1930 1950 1970 1990

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
l
i

WMO No. Description of data problem and approximate time of occurrence

24266 From 1895-1920, there are few maximum temperature values greater
than -36°C; thereafter, numerous values are greater than -36°C.

24641 From 1900-1930, there are few maximum temperature values greater
than -36°C; thereafter, numerous values are greater than -36°C.

24944 From 1900-1930, there are few maximum temperature values greater
than -36°C; thereafter, numerous values are greater than -36°C.

24959 From 1888-1927, there are few maximum temperature values greater
than -36°C; thereafter, numerous values are greater than -36°C.

24966 From 1897-1901, there are few mean temperature values less than
-40°C; thereafter, numerous values are less than -40°C.

25551 From 1894-1898, there are few minimum, mean, and maximum

temperature values less than -40°C; thereafter, numerous
values are less than -40°C.

26406 From 1881-1886, numerous precipitation totals are equal to O;
thereafter, far fewer values are equal to 0.

30823 In 1896, several precipitation totals are anomalously large.

31510 In 1928, several minimum temperature values are anomalously high.

36177 From 1918-1921, many precipitation totals are only recorded to the
nearest millimeter.

37472 From 1898-1911, many minimum temperatures are only recorded to
the nearest degree Celsius.

38895 In 1889, many maximum temperature values are anomalously high.

38954 In 1910, several precipitation totals are anomalously large.
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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 tile data base as needed. It can be acquired on two
9-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 BPI, 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 Anaiysis Center
Oak Ridge National Laboratory
Post Office Box 2008
Oak Ridge, Termessee 37831-6335
U.S.A.

Telephone: +1 (615) 574-0390
Fax: +1 (615) 574-2232

Electronic Mail: BITNET: CDP@ORNLSTC
INTERNET: CDP@STC 10.CTD.ORNL.GOV
OMNET: CDIAC

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

• FTP to CDIAC.ESD.ORNL.GOV (128.219.24.36)
• Enter "ftp" as the userid
• Enter your electronic mail address as the password (e.g., "rtv@omlstc")
• Change to the directory "pub/ndp040"
• Acquire the files using the FTP "get" command

16
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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 FrP 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 (e.g., readme) and a tape file number (e,g., File 1, Tape
1). The files and their contents include the following:

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

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

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

[] data,for (File 4, Tape 1), a FORTRAN data retrieval routine to read
ussrl.data-ussr9.data (Files 10-15, Tape 1 and Files 1-3, Tape 2);

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

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

[] data.sas (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);

[] 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;

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

[] 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, namea, Logical FTP f'de Tape file Block Record
and description records size in K b size in Kc sizec length _

Tape 1

1. readme: 1,200 54.6 93.8 8,000 80

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

2. inventory.for: 17 0.6 1.3 8,000 80
a FORTRAN data retrieval
routine to read

station.inventory
(File 8, Tape 1)

3. history.for: 14 0.4 1.1 8,000 80
a FORTRAN data retrieval
routine to read

station .history
(File 9, Tape 1)

4. data.for: 20 0.6 1.6 8,000 80
a FORTRAN data retrieval
routine to read
ussrl.data-u_r9.data

(Files 10-15, Tape 1
and Files 1-3, Tape 2)

5. inventory.sas: 10 0.3 0.8 8,000 80
a SAS ® data retrieval
routine to read

station.inventory
(File 8, Tape 1)

6. history.sas: 8 0.2 0.6 8,000 80
a SAS ® data retrieval
routine to read

station.history
(File 9, Tape 1)

7. data.sas: 14 0.4 1.1 8,000 80
a SAS ® data retrieval
routine to read
ussrl.data-u_r9.data

(Files 10-15, Tape 1
and Files 1-3, Tape 2)
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Table 4 (continued)

File number, name a Logica/ FTP file Tape file Block Record
and description records size in Kb size in Kc sizec length c

Tape 1 (continued)

8. station.inventory: 223 21.3 21.8 10,000 100
contains station location

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

9. station.history: 810 22.9 27.7 10,500 35
contains rain gauge
replacement dates and
station relocation data
for each of the 223 stations

10, ussrl.data: 74,672 18,972.5 19,688.9 6,750 270

contains daily temperature

and precipitation data for
stations 20674-23804

11. ussr2.data: 74,456 18,855.2 19,632.0 6,750 270

contains daily temperature
and precipitation data for
stations 23849-25744

12. ussr3.data: 79,908 20,305.4 21,069.5 6,750 270

contains daily temperature
and precipitation data for
stations 25913-28064

13. ussr4.data: 83,107 21,098.0 21,913.0 6,750 270

contains daily temperature
and precipitation data for
stations 28138-30230

14. ussr5.data: 81,450 20,635.8 21,476.1 6,750 270

contains daily temperature
and precipitation data for
stations 30253-31532

15. ussr6.data: 73,585 18,662.8 19,402.3 6,750 270

contains daily temperature
and precipitation data for
stations 31594-33837
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Table 4 (continued)

File number, name"_, Logical FTP f'de Tape file Block Record
and description records size in Kb size in Kc sizec length c

Tape 2

1. ussr'/.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 21,014.6 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 37686--38987

Total (both tapes) 705,621 178,460.1 185,591.6

"All 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.

q:ile s_e in kilobytes. Applies only to Ides on magnetic tape. All such files have fixed-length records.
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inventory.for (File 2, Tape I)

This file contains a FORTRAN data retrieval routine to read station.inventory (File 8, Tape
I). 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.

C FORTRAN data retrieval routine to read the file named

C "station.invontory" (Filo 8, Tape 1).
C

C Unit 1 is input.
C Unit 6 (terminal) is output.
C

INTEGER WMO, MINTFYR, MIDTFYR, MAXTFYR, PRCPFYR, LYR
REAL LAT, LON, ELEV, MINTMISS, MIDTMISS, MAXTMISS, PRCPMISS
CHARACTER NAME* 25

OPEN (UNIT=l, FILE=' station, inventory' )
i0 READ (I, I, END=99) WMO, NAME, LAT, LON, ELEV, }/INTFYR, MINTMISS,

*MIDTFYR, MIDTMISS, MAXTFYR, MAXTMISS, PRCPFYR, PRCPMISS, LYR
1 FORMAT (I5, IX, A25, IX, F5.2, IX, F7.2, lX, F6.1, lX,
"4(Z4, IX, F4.1, lX), I4)
GO TO i0

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 thi_ program. For additional information regarding variable
definitiorks and format statements, please see the file description for station.history on pages
30--31.

C FORTRAN data retrieval routino to read the file named

C "station.history" (File 9, Tape 1).
C

C Unit 1 is input.
C Unit 6 (terminal) is output.
C

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

I0 READ (I, 1, END=99) WMO, TYPE, YEAR, MONTH, DAY, DIST, DIRECT
1 FORMAT (15, IX, A4, lX, I4, lX, I2, lX, I2, lX, A2, lX, A3)

GO TO i0
99 STOP

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
irfformation regarding variable definitions and format statements, please see the file description
for ussrl.data-ussr9.data on pages 32-35.

C FORTRAN data retrleval routine to road tho filos named
C "ussr*.data" (Files 10-15, Tapo 1 and Files I-3, Tape 2)
C

C Unit 1 is input.
C Unit 6 (t@rmlnal) is output.
C

INTEGER WMO, YEAR, MONTH, DAY, NOBS, DATA(31)
CHARACTER TYPE*&, FLAGA(31) "i, FLAGB(31) *I
OPEN (UNIT=l, PILE='ussr*.data')

I0 DO DAY - I, 31
DATA(DAY) = 9999
FLAGA(DAY) - '9'
FLAGB(DAY) = '9'

END DO

READ (i, i, END=99) WMO, TYPE, YEAR, MONTH, NOBB,
*(DAY, DATA(DAY), FLAGA(DAY), PLAGB(DAY), Z = I, NOBB)

1 FORMAT (I5, A&, I4, I2, 12, 31(I2, I4, AI, AI))
GO TO I0

99 STOP
END

inventory.sas (File 5, Tape 1)

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

* SAS data retrieval routine to read the file named;

* ".tatlon.lnventory" (File 8, Tape 1).;
*;
DATA INVENTRY;

INFILE 'star ion. 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 addition',d information regarding variable definitions
and format statements, please see the file description for station.history on pages 30-31.

* SKS data retrieval routine to road the tile namad7
* "station.hietorF" (File 9, Tape 1)._
* a
DATA HISTORYI
INFILE ' Jtation.history _7
INPUT WMO 1-5 TYPE $ 7-10 YEAR 12-15 MONTH 17-18 DAY 20-21

DIST $ 23-24 DIRRCT $ 26-20;
RUN;

data.sas (File 7, Tape I)

This file contains a SAS ® data retricv_ routine to read ussrl.data-ussr9.data (Files 10-15,
Tape I 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 t:ho f:l.lo8 named;
* "ussr*.sas" (Files 10-15, Tape 1 and Files 1-3, Tape 3).7

DATA DAILY;
LENGTH FLAGAI-FLAGA31 FLAGBI-FLAGB31 $ i;
ALRAY DATA (31 );
ARRAY FLAGA(31) $;

ARRAY FLAGB(31) $;
ZNFILE 'ussr*.data' Iroci=266;

INPUT WMO 5. TYPE $CHAR4. YEAR 4. MONTH 2. NOBS 2. O;
DO I = 1 TO NOBS;

INPUT DAY 2. DATA(DAY) 4. FLAGA(DAY) $CHARI. FLAGB(DAY) $CHAR1. @;
END;
RUNe
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station.inventory (File 8, Tape I)

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 I):

C FORTRAN data retrieval routine to read the file named
C "gtation.lnventory" (File 8, Tape i).
C

C Unit 1 Is input.

C Unit 6 (terminal) is output.
C

INTEGER WMO, MINTFYR, MIDTFYR, MAXTFYR, PRCPFYR, LYR
REAL LAT, LON, ELBV, MINTMISS, MIDTMISS, MAXTMISS, PRCPMISS
CHARACTER NAME* 25

OPEN (UNIT-l, FILE-' station, inventory' )
I0 READ (1, I, END-99) WMO, NAME, LAT, LON, ELEV, MINTFYR, MINTMISS,

tMIDTFYR, MIDTMISS, MAXTFYR, MAXTMISS, PRCPFYR, PRCPMISS, LYR
i FORMAT (I5, lX, A25, IX, F5.2, lX, F7.2, IX, F6.1, 1X,
•4(I4, 1X, F4.1, 1X), I4)
GO TO I0

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):

• SAS data retrieval routlno to read the file named;

• "statlon.inventory" (File O, Tape I).;

DATA INVENTRY;

INFILB '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 31
LAT Numeric 5 33 37
LON Numeric 7 39 45
ELEV Numeric 6 47 52
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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
-999.9.

MINTFYR is the first year in which minimum temperature (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 rotrioval routino to road tho filo named

C "station.history" (File 9, Tape I).
C

C Unit 1 is input.
C Unit 6 (terminal) is output.
C

INTEGER WMO, YEAR, MONTH, DAY
CHARACTER TYPE*4, DIST*2, DIRECT*3

OPEN (UNIT.l, FILE-' station.higtory' )
I0 READ (I, I, END.99) WMO, TYPE, YEAR, MONTH, DAY, DIST, DIRECT
1 FORMAT (ZS, IX, A4, IX, I4, IX, I2, IX, I2, IX, A2, IX, A3)

GO TO I0
99 STOP

END

This file can also be read by using tile following SAS® code (contained in history.sas, which is
File 6 on Tape 1):

* SAS data rotrioval routino to road tho filo named;

* "station.history" (File 9, Tape i).;

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 Numeric 2 20 21
DIST Character 2 23 24
DIRECT Character 3 26 28
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where

WMO is the WMO No. of the station.

TYPE 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.

YEAR is the year in which the change took place. Missing years are coded as -999.

MONTH is the month in which the change took place. Missing months are coded as -9.

DAY is the day on which the change took place. Missing days are coded as -9.

DIST 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.e., lines in which
TYPE = RAIN), DIST is not relevant and thus is coded as blanks.

DIRECT 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
ussr4.data 28138-30230
ussr5.data 30253-31532
ussr6.data 31594-33837
ussr7.data 33889-35188
ussr8.data 35229-37549
ussr9.data 37686-38987

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.e., 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 FORTRAN data rotrioval routine to read tho filos namod

C "ussr*.data" (Files 10-15, Tape 1 and Files 1-3, Tape 9)
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) *I, FLAGB(31) *I
OPEN (UNIT=I, FILE='ussr*.data')

I0 DO DAY = I, 31
DATA(DAY) = 9999
FLAGA(DAY) = '9'

FLAGB(DAY) = '9'
END DO

READ (I, I, END=99) WMO, TYPE, YEAR, MONTH, NOBS,
*(DAY, DATA(DAY), FLAGA(DAY), FLAGB(DAY), I = I, NOBS)

1 FORMAT (I5, A4, I4, I2, I2, 31(I2, I4, AI, AI))
GO TO I0

99 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;
* "ussr*.sas" (Files 10-15, Tape 1 and Files 1-3, Tape 2).;

DATA DAILY;
LENGTH FLAGAI-FLAGA31 FLAGBI-FLAGB31 $ i;
ARRAY DATA(31) ;
ARRAY FLAGA(31) $;
ARRAY FLAGB(31) $;
INFILE 'ussr*.data' ireci-266;
INPUT WMO 5. TYPE $CHAR4. YEAR &. MONTH 2. NOBS 2. _;
DO I - 1 TO NOBS;

INPUT DAY 2. DATA(DAY) &. FLAGA(DAY) $CHARI. FLkGB(DAY) $CHARI. e;
END;
RUN;

Stated in tabular form, the contents hiclude 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(I-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 lbllowing 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);
TMID = mean temperature (tenths of °C); and
PRCP = precipitation (tenths of millimeters).

YEAR is the year of the data record.
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MONTH is the month of the data record.

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

DAY is the day of the month.

DATA(I-31) are the daily data values.

FLAGA(1-31) 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).

FLAGB(1-31) 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 (see
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 total >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 = a rainfall total <0.1 mm. Note that in these cases the actual rainfall total

is coded as b :,i.e., DATA = 0).

34



The _llowing is a sample line _ illust_te the _rm_ of ussrl.data-u_r9.data (the leRer
"b" denotes a blank space):

1 2 3 4
Column: 12345678901234567890123456789012345678901

Dataz 38987PRCP198912b3b4bbb205b6b2780515bb4605

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 nun 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 FLAGA(15) Value is assumed to be reliable.

41 5 FLAGB(15) Rainfall total > 0.1 mm.

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

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

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

missing].

• Note lack of data for days 16-31 [i.e., DATA( 16-31), FLAGA(1 6-31), and FLAGB( 16-31) 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 OSTROV DIKSON 73.50 80.40 42.0 1936 0.2 1936 0.2 1936 0
•2 1936 1.6 1989
20891 HATANGA 71.98 102.47 30.0 1929 7.1 1928 Ii.I 1929 7
•2 1928 10.6 1989
21946 COKURDAH 70.62 147.88 0.0 1944 1.9 1944 1.6 1944 1
.6 1944 4.6 1989
21982 OSTROV VRANGELJA 70.97 -178.37 2.0 1926 1.7 1926 1.4 1926 1
•6 1926 3.9 1989
22113 MURMANSK 68.97 33.05 57.0 1936 0.2 1936 0.I 1936 0
.3 1936 1.3 1989

Last five lines of the file:

38927 TERMEZ 37.23 67.27 309.0 1927 19.7 1927 15.9 1927 17
.8 1927 21.0 1989
38933 KURGAN-TJUBE 37.82 68.78 427.0 1936 0.3 1936 0.0 1936 0
.2 1936 4.3 1989
38954 HOROG 37.50 71.50 2077.0 1910 25.0 1898 16.7 1910 25
.i 1898 19.0 1989

38974 SERAHS 36.53 61.22 275.0 1936 6.6 1936 1.5 1936 2
.0 1936 6.1 1989
38987 KUSKA 35.28 62.35 625.0 1904 12.2 1904 9.6 1904 12
.9 1904 12.5 1989
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Table 6. Partial listing of "station.history"
(File 9, Tape I)

First five lines of the file:

20674 MovE1930 -9 -9 0 -99
20674 PaeP 1953 3 2
20674aovE1960-9 -9 0 -99
20891 xovE1951 1 12 1 ssw
20891 PRCP 1953 12 1

Last five lines of the file."

38987 MOVE 1904 4 -9 -9 -99
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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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
_19-3_2_2_395_21_441_22-459_23_46_24-45_25_449_26-424_27_396_28-413_
o29-415oo3o-389oo31-354oo
2o674_iD1936 131 1-249oo 2-228oo 3-195oo 4-19800 s-2_2oo 6-222oo 7-27700 8-278o
0 9-2630010-2980011-3540012-2560013-1900014-1660015-2960016-2730017-2900018-3310
_1_-358__2_-356__21-424__22-453__23-44___24-444__25-433__26-389__27-371__2_-4_2_
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
_19-325__2_-336__21-39___22_441__23-428__24-42___25-424__26-363__27-354__28-388_
029-3710030-2980031-27800
20674PRCPI936 131 1 007 2 1905 3 007 4 007 5 1105 6 007 7 007 8 00
7 9 10510 30511 00712 00713 10514 30515 00716 00717 00718 00
719 00720 50521 00722 00723 00724 00725 00726 00727 00728 00
729 00730 110531 605
20674TMINI936 229 1-32600 2-35100 3-34600 4-34700 5-32800 6-35300 7-36700 8-3780
0 9-4190010-4240011-3920012-3880013-3360014-3780015-3780016-3240017-2030018-2340
_19-249__2_-2_5__21-173__22-21___23-231__24-2_3__25-235__26-269__27-275__28-278_
029-27900

Last five lines of de file."

238o4PacP19891123 1 0054 005 5 2057 505 9 00510 50511 00512 30
513 170514 30515 660516 160517 280518 00520 00521 320522 80523 40
524 1400525 210526 00529 00530 505

23804TMIN19891231 1-29800 2-10200 3 -8600 4-11300 5-21500 6-22600 7-20500 8-1670
0 9-1690010-2280011-3010012-2750013-2790014-1710015-1010016-1420017-2210018-2060
019-2020020-1750021 -260022 -760023 -810024-1900025-1910026-2170027-1870028 -100
029 -460030 -370031 -4600
23804TMID19891231 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 -760021 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 9 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 I)

, ,r, r, t_._ , , ,,,J

First five lines of the file."

23849TMIDXg84112110-2610011-1710012-1030013-1400014 -450015 -300016 -840017 -960
018 -660019 -410020 -500021 -320022 -730023 -690024-1210025-1400026-2310027-1820
020-1250029-1530030-21800
23849PRCP1884112110 00711 00712 270513 90514 40515 00716 70517 150
518 00719 00720 290521 30522 00723 10524 20525 110526 00727 O0
728 60529 00730 007
23849TMID18041231 1-16200 2-10000 3-17000 4-12700 5-15400 6-13500 7-21400 8 -640
0 9 -350010-1570011 -400012 -700013-2910014-1710015 -850016 -960017-1190018-1gi0
019-3040020-2400021-2570022-3280023-2060024-2200025-1890026 -950027 -980028 -510
029 -910030 -890031-28400
23849PRCPI8841231 1 007 2 605 3 007 4 705 5 205 6 6405 7 007 8 630
5 9 130510 470511 110512 00713 00714 00715 50516 00717 350510 00
719 00720 200521 00722 00723 200524 100525 00726 210527 00728 00
729 120530 00731 007
23849TMIDIS85 131 1-38200 2-48200 3-43900 4-45600 5-43900 6-44400 7-47600 8-4640
0 9-4790010-4540011-3820012-2410013-2650014-4390015-4040016-3470017-3390018-2890
_19-2_7__2_-262__21-194__22-1_1__23-162__24-2_2__25-397__26-379__27-4_2__28-3_9_
029-1550030-1620031-17200

Last five lines of the file:

25744PREP19891116 1 005 4 7705 5 005 9 00510 230511 260513 70514 50
515 3.0519 90s20 90521 80s22 00523 70s24 00530 170s
25744TblIN19891231 1-18000 2-12800 3-13400 4-19900 5-30100 6-31100 7-20100 8-1020
0 9-1050010-1360011-1420012-1920013-1550014-2810015-3380016-3260017-3310018-2630
_9-2_7_2_-264_2_-242_22-214_23-276_24-3_2_2_-372_26-395_27-4_28-4_4_
029-3890030-3380031-30100
25744TMIDI9891231 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
_19-235_2_-228_21-2_3_22-174_23-219_24-3_9_25-355_26-372_27-37_2_-384_
029-3460030-3050031-26300
25744TMAXI9891231 1-11300 2 -7800 3 -7600 4-10500 5-17900 6-20000 7 -5400 8 -460
0 9 -460010 -920011 -650012-1190013-1450014-1510015-2680016-2480017-2390018-1980
_19-211_2_-2_1_21-211_22-144_23-162_24-248_25-344_26-279_27-35_4_28-3614
029-3090030-2670031-21600
25744PRCP19891212 1 3105 2 8705 3 205 4 005 6 505 7 4905 8 005 9 50
510 70511 00518 20519 005
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Table9. Partial listingof "ussr3.data"
(File 12, Tape I)

First five lines of the file:

25913_x.i936 131 1-11300 2-11100 3 -2200 4-12100 5-18100 6-21500 7-26800 s-2440
0 9-24s0010-2060011-2390012-2490013-2140014-3340015-1590016-1220017-310018 -s20
_19_139__________21___9______29___3_1_7__2__197___5_24___26__53___7_276______62_
o29-14ooo3o-156oo31-174oo
2SgD_ZD1936 131 1-1o60o2 -74oo 3 -66oo 4 -97oo 5-154oo6-17ooo7-237oo S-217o
o 9-22ooolo-152oo11-211oo12-2noo13-184oo14-18ooo15-12_oo16-43oo17 -26ools -4so
_19_1_2_16_21_217_22_1_9_23_167_24_17_2_2_2_26_226_27_246_2_166_
o29-121oo3o-135oo31-16ooo
25913_x1936 131 1 -98oo 2 -4ooo 3 -4ooo 4 -79oo 5-111oo6-128oo7-2o4oo 8-189o
0 9-1960010-1700011-1830012-1890013-1530014-1350015-1100016 -100017 -100018 -250
019 -690020 -750021-2020022-1610023-1470024-1580025-1690026-2010027-2160028-1190
029-1090030 -980031-13600
25913¥RCP1936 131 1 2705 2 305 3 105 4 605 5 007 6 007 7 007 8 00
7 9 00710 00711 00712 00713 00714 00715 00716 00717 00718 00
719 00720 00721 00722 00723 00724 00725 00726 00727 00728 00
729 00730 00731 007
25913TMIN1936 229 1-16500 2-13600 3-11700 4 -7100 5 -9600 6-13600 7-15600 8-1820
0 9-1790010-1680011-1120012-1460013-1740014-1960015-1670016-2120017-2270018-2220
019-1920020-1310021-1160022-1310023-1610024-1420025-1910026-1280027 -840028 -800
029-11100

Last five lines of the file:

28064PRCP19891120 I 205 5 005 7 00510 00511 30512 00513 30514 40
515 60516 00517 30518 30520 20521 470522 460523 130524 1060526 140
527 70528 505
28064TMIN19891231 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
019-1790030-1750021-1430022 -940023-1160024-1150025-1700026-1390027-2010028-1950
029-2970030-1710031-13400
28064TMID19891231 1-18400 2-16000 3-12900 4 -8800 5 -2000 6 -6400 7-19000 8-2240
0 9-1660010-1890011-2570012-2320013-2810014-1990015-1990016-1070017 -420018-1710
019-i010020-1410021-1240022 -590023 -860024 -800025-1420026-1090027-1730028-1560
029-2400030 -780031 -9500
28064TMAX19891231 1-16000 2-11800 3 -9100 4 -5200 5 -300 6 -2600 7-14500 8-1940
0 9-1410010-1770011-2020012-2050013-2350014-1820015-1480016 -330017 20018-1190
019 -730020-1070021 -930022 -480023 -480024 -560025-1030026 -750027-1380028-1350
029-1710030 -320031 -4000
28064PRCP19891224 1 1605 2 405 3 205 4 2305 5 1505 6 2505 7 30510 180
511 00512 440514 30516 300517 160519 180521 00522 310523 00524 310
526 450527 260528 180529 50530 360531 005

41



'Fable 10. Partial listinu of "ussr4.data"
(File 13, Tape I)

First five lines of the file:

28138_111D1888 725 7 22000 $ 24900 9 2620010 2700011 1870012 1540013 1600014 1650
015 1970016 1830017 1700018 1420019 1530020 1540021 1430022 1480023 1260024 1200
025 1140026 1630027 1730028 1680029 1720030 1660031 17600
28138PnCPleS8 731 1 007 2 007 3 007 4 007 5 007 6 1005 7 007 8 oo
7 9 00710 70511 00712 00713 00714 00715 00716 2051717605186090
51g 00720 670521 960522 130523 00724 00725 00726 00727 00728 00
729 00730 00731 007
28138_zD18888311 218002 181003 15000_ 162005 141006 172007 192008 1590
0 9 1450010117001113100121510013113001413500151050016 820017 9600181080
019 1080020 1220021 1300022 1940023 1520024 990025 1090026 760027 520028 990
029 1270030101003114300
28138PncPzeee 831 1 007 2 007 3 007 4 007 5 007 6 007 7 007 e oo
7 9 00710 00711 00712 00713 00714 00715 00716 00717 00718 00
719 00720 00721 00722 00723 00724 00725 00726 00727 00728 00
729 00730 00731 007
28138'1_ID1888 930 1 14600 2 15800 3 16000 4 15400 5 13500 6 11400 7 15100 8 1190
0 9 1300010 550011 680012 780013 970014 960015 1070016 1210017 810018 580
019 440020 470021 290022 400023 430024 100025 530026 760027 490028 20
029 100030 -900

Last five lines of the file:

30230PRCP19891125 1 I005 2 005 3 005 4 005 5 005 6 505 7 405 8 110
5 9 250510 00511 00512 20513 50514 30515 90516 170518 430519 30
520 340521 190522 30525 30526 30527 00530 005
30230'I_IN19891231 1-16600 2-34000 3-33100 4-36000 5-31900 6-17500 7-24600 8-2080
0 9-2010010-2770011-3590012-2690013-2780014-2190015-2820016-4040017-4500018-3760
_1__263_____3_7__21_23___22_32___23_392__24_428__25_427__26_316__27_321__28_369_
029-3330030-2690031-34300
30230_ID19891231 1-11000 2-28100 3-29800 4-33000 5-22200 6-12900 7-17500 8-1080
0 9-1180010-1790011-3010012-2070013-1340014-1250015-2470016-3420017-4030018-2130
_19-211__2_-23___21-111__22-275__23-354__24-399__25-383__26-222__27-218__28-315_
029-2830030-2020031-24700
30230TMAXIg891231 1 -3500 2-16000 3-24400 4-27800 5-15600 6 -8300 7 -7300 8 -620
0 9 -520010-1160011-2280012 -980013 -50014 60015-2190016-2430017-3600018 -830
019 -810020-1920021 -520022-1570023-3050024-3690025-3120026-1830027-1320028-2600
029-2460030-1270031-16700
30230PRCP19891226 1 005 3 205 4 005 5 2105 6 1105 7 1005 8 005 9 170
510 60511 00512 270513 220514 00515 50516 20518 110519 00520 30
521 100522 30523 00525 70526 70527 90530 60531 005
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Table 11. Partial listing of "ussr$.data"
(File 14, Tape 1)

First five lines of the file:

30353_z.1936 131 1-29300 2-32700 3-45200 4-44800 5-46100 6-47000 7-48700 8-4260
0 9-293oolo-285oo11-283oo12-317oo13-327oo14-379oo15-419oo16-382oo17-434oo18-431o
_19_4_2_-469_21_484_22_436_3_4_8_24_459_2_-4_9_26_479_27_37_2_-419_
o29-473oo3o-498oo31-475oo
3o253_zD1936 131 1-275oo 2-265oo 3-425oo 4-398oo 5-438oo 6-445oo 7-444o0 8-317o
0 9-2400010-2340011-2440012-2860013-3030014-3340015-3720016-3350017-3860018-3910
_9_4_2_444_2_-455_22-383_23-393_24-427_25-428_26-42_27-365_28-343_
029-4360030-4550031-44100
30253PRCP1936 131 1 1205 2 805 3 007 4 705 5 105 6 205 7 105 8 150

5 9 200510 210511 70512 70513 70514 30515 50516 210517 00818 50
519 00720 00721 00722 20523 00724 00725 00726 00727 90528 10
529 30530 00731 007
30253TMINI936 229 1-48500 2-50100 3-49900 4-42200 5-39700 6-40200 7-39500 8-3260

0 9-3970010-2580011-2680012-1650013-2220014-3870015-4120016-3150017-3610018-3790
__9-43___2_-445___1-446__22-444__23-438__24-431__25-425__26-278__27-315__28-294_
029-24900
30253TMIDI936 229 1-44800 2-44900 3-43800 4-36100 5-34400 6-35400 7-33600 8-2940
0 9-3220010-1940011-1820012-1260013-1830014-3160015-3390016-2370017-2780018-3040
__9-365__2_-37___21-37___22-37___23-357__24-356__25-344__26-233__27-237__28-234_
029-20800

Last five lines of the file:

31532PRCP19891110 7 1305 8 160512 20513 00517 190518 90519 40521 20
522 00529 005
31532TMINI9891231 1-22400 2-21600 3-21100 4-16500 5-24700 6-27600 7-31200 8-3260
0 9-3460010-3510011-3040012-3400013-3520014-3330015-2980016-2570017-3590018-4010
__9-4_8__2_-395__21-335__22-365__23-342__24-334__25-32___26-336__27-236__28-252_
029-1680030-2840031-30500
31532TMID19891231 1-18400 2-15200 3-15600 4-15400 5-20200 6-24200 7-27300 8-2860
0 9-3080010-3110011-2590012-3010013-3130014-3060015-2640016-2170017-3150018-3590
_19-375__2_-357__21-3_6__22-324__23-3_9__24-3_1__25-287__26-264__27-193__28-186_
029-1500030-2360031-27500
31532TMAX19891231 1-10200 2 -5400 3 -8400 4-14100 5-15200 6-10800 7-22400 8-2310
0 9-2530010-2550011-2090012-1460013-2700014-2520015-2080016-1770017-2330018-2960
__9-32___2_-3_4__2__2_1__22-256__23-264__24-233__25_227__26-2_1__27-147__28-_6__
029-1180030-1630031-21800
31532PRCP198912 8 2 705 4 340515 00516 00527 570528 200529 100531 00
5
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Table 12. Partial listing of "ussr6.data"
p

(File 15, Tape 1)

First five lines of the file;

31594TMINI936 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
__9_273__2__245__2_-272__22-321__23-335__24-364__25-364__26-362__27-359__2_-346_
029-3180030-3350031-34700
31594TMID1936 131 1-28200 2-30400 3-25200 4-27600 5-30700 6-30400 7-28900 8-2690
0 9-2980010-2680011-1700012-1870013-2590014-3050015-2780016-2300017-2660'018-2490
_19-237__2_-185__21-176__22-241__23-268__24-274__25-299__26-284__27-296__28-294_
029-2770030-2940031-28200
31594TMAXI936 131 1-23800 2-23800 3-22000 4-23300 5-28300 6-26700 7-24400 8-2290
0 9-2110010-2040011-1280012-1440013-1990014-2540015-2250016-2190017-2050018-2070
__9-_97__2_-143__21-139__22-159__23-_98__24-211__25-185__26-194__27-196__28-248_
029-2260030-2220031-22900
31594PRCPI936 131 1 008 2 007 3 205 4 305 5 1005 6 905 7 805 8 10
5 9 00710 00711 00812 160513 30514 00715 60516 60517 00718 10
519 20520 160521 00022 00723 00724 00725 00726 00727 00728 I0
529 20530 00731 007
31594TMINI936 229 1-31700 2-30300 3-31200 4-33000 5-30000 6-30700 7-26900 8-1550
0 9-2340010-2680011-2780012-2840013-2710014-2600015-3100016-2850017-2300018-2680
_19-2____2_-26___21-3_1__22-2_5__23-252__24-3_8__25-271__26-3_3__27-32___28-3_2_
029-29800

Last five lines of the file:

33837PRCPI9891117 1 005 5 305 8 005 9 00511 00512 10513 150516 130
s17 190s18 80s19 00s23 00s24 0052s 110s26 00s28 00s29 005
33837TMIN19891231 1 -4400 2 -3800 3 -700 4 -2000 5 000 6 -4600 7 -2800 8 -310
0 9 -320010 -080011-1210012 -s40013 -420014 33001s 280016 s10017 440018 760
019 520020 580021 230022 410023 110024 260025 30026 140027 160028 50
029 30030 80031 -2600
33837TMID19891231 1 -2400 2 -300 3 1400 4 2500 5 2000 6 -2000 7 1100 8 -80
0 9 -50010 -370011 -800012 -230013 30014 530015 620016 970017 880018 1190
019 780020 850021 530022 570023 610024 590025 240026 210027 220028 140
029 80030 130031 -600
33837TMAX19891231 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 320027 290028 230

029 150030 170031 1300
33837PRCP19891212 1 005 2 005 6 005 8 00510 00514 00524 130527 00
528 230529 20530 00531 005
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Table 13. Partial listing of "ussr7.data"
(File 1, Tape 2)

Fiat five lines of the file:

33889_ID18861031 I 19000a 86oo3 104004 13000 5 150006 135007 14300 a 560
0 9 760010 1340011 1450013 1360013 1240014 1190015 1390016 1130017 1460018 1690
019 1810030 1990021 2030032 1750033 1410024 1150035 700026 410027 430028 340
029 380030 170031 3200
33889PRCP18861031 1 007 2 007 3 007 4 007 5 007 6 007 7 007 8 00
7 9 00710 40511 00712 00713 00714 00715 1130516 90517 00718 00
719 _ 00720 00721 00723 70523 00724 00725 00726 00727 00728 00
729 00730 00731 007
33889TMIDI8861130 1 2200 2 II00 3 4400 4 I000 5 4400 6 6400 7 10600 8 1250
0 9 1160010 1300011 1420012 1070013 1100014 1330015 1350016 940017 530018 930
019 1080020 760021 500022 540023 470024 340025 240026 320027 440038 20
029 320030 2000
33889PRCPI8861130 1 007 2 007 3 007 4 007 5 007 6 007 7 007 8 00
7 9 00710 00711 00712 00713 00714 00715 00716 00717 00718 00
719 00720 00721 540522 480523 980524 00725 00726 00727 00728 00
729 00730 007
33889TMID18861231 1 5800 2 8000 3 12600 4 9900 5 12100 6 7100 7 3000 8 670
0 9 780010 1030011 780012 290013 420014 380015 480016 640017 900018 1050
019 1310020 1010021 1110022 760023 900024 830025 720026 450027 80038 80
039 400030 95003110400

Last five lines of _e file:

35188PReP19891120 1 005 2 2105 3 1405 8 3005 9 30510 30511 560512 90
513 40514 00515 00s18 00519 00521 190523 90s24 00527 10s38 10
529 50530 305
35188TMINI9891231 1 -1200 2 -7400 3-12200 4-10000 5 -4400 6 -5000 7 -8600 8-1940
0 9-1910010-1610011-1250012 -750013-2020014-1690015 -880016-1610017-1730018 -850
019 -550020 -170021 -500022 -830023-1430024-1950025-1390026-1640027-1640028-1510
029 -900030-1000031-10500
35188TMIDI9891231 1 2000 2 -5500 3 -8500 4 -7000 5 -3200 6 -2700 7 -3800 8-1740
0 9-1030010-1050011 -720012 -180013-1540014 -930015 -310016-1320017-1190018 -610
019 -180020 -70021 -200022 -520023 -450024-1620025-1010026-1410027 -980028 -840
029 -670030 -830031 -6100
35188TMAXI9891331 1 4200 2 -1200 3 -4300 4 -3600 5 -1500 6 -500 7 -300 8 -860
0 9 50010 50011 -50012 10013 -720014 -310015 70016 -870017 -640018 -490
019 00020 00021 00022 -170023 10024-1210025 -620026-1230027 -600028 -560
029 -600030 -670031 -4000

35188PRCP19891230 1 1705 2 005 3 005 4 205 5 005 6 2505 7 3005 8 00
5 9 170510 40511 30512 30514 60515 360516 20517 00518 60519 60

520 580521 210522 20523 90524 20525 170526 00527 150528 160529 60
530 150531 705
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Table 14. Partial listing of "ussr8.data"
(File 2, Tape 2)

First five lines of thefile."

35229TMIN19041127 4 -500 5 -4000 6 -500 7-11500 8 -5500 9 -750010 -850011 -600
012 -500013-1500014-1770015 -580016-1340017-2170018-1840019-1500020 -370021 -250
022 -270023 -500024-1200025-1750026-2260027-2250028-1960029 -160030 -2600
35229TMIDI9041129 1 5500 2 4200 3 -300 4 I000 5 2900 7 -6000 8 1700 9 -380
010 -290011 -130012 80013 -430014 -710015 -390016 -870017-1600018-1250019 -670
020 50021 -140022 -60023 -220024 -640025-1220026-1760027-1240028 -860029 60
030 -200
35229TMAXI9041127 4 7000 5 6000 6 11500 7 1500 8 4000 9 50010 150011 400
012 500013 200014 -300015 -350016 -400017 -960018 -900019 -250020 100021 100
022 40023 300024 00025 -550026-1040027 -740028 -100029 150030 -I00
35229TMINIg041231 1 000 2 000 3 -2400 4-11700 5-15200 6-15200 7-18200 8-1170
0 9 -170010-1020011-1370012-1420013-1210014 -710015 -820016 -930017-1600018-1640
019-1120020 -320021-2030022-2740023-2700024-2220025-1620026 -610027-1420028-1420

029-2420030-1770031-10000
35229TMID19041231 1 1400 2 900 3 -800 4 -6900 5-11800 6-12300 7-12400 8 -270
0 9 50010 -650011-1080012-1030013 -610014 -630015 -760016 -830017-1070018-1150
019 -570020 20021-830022-2610023-1750024-1850025-280026-340027-1190028-490
029-1870030 -570031 -6900

Last five lines of the file."

37549PRCP19891115 1 150510 80511 2290512 370513 270515 30517 30518 1000
519 00521 00526 00527 2320528 300529 210530 2605
37549TMINI9891231 1 2800 2 500 3 -2800 4 -2400 5 1900 6 100 7 -1700 8 -450
0 9 10010 -50011 380012 40013 40014 -270015 -340016 -370017 -130018 580
019 410020 360021 440022 700023 150024 -60025 600026 210027 390028 270
029 150030 -10031 3000
37549TMID19891231 1 4000 2 2400 3 600 4 300 5 3700 6 2700 7 800 8 -130
0 9 240010 190011 540012 140013 250014 60015 -10016 20017 480018 910
019 870020 930021 870022 890023 400024 410025 800026 390027 470028 500
029 500030 510031 4600
37549TMAXI9891231 1 5200 2 4000 3 4400 4 4300 5 6800 6 5800 7 4800 8 300

0 9 580010 620011 760012 480013 630014 580015 720016 530017 1040018 1430
019 1480020 1530021 1400022 1230023 760024 1080025 1080026 640027 560028 830

029 1040030 1110031 7800
37549PRCP198912 6 1 005 6 005 9 00511 90512 1350513 2505
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Table 15. Partial listing of "ussr9.data"
(File 3, Tape 2)

First five lines of the file."

37686TMIN1895 930 1 II00 2 1100 3 5100 4 4100 5 9000 6 8100 7 7600 8 710
0 9 1050010 580011 710012 900_3 240014 60015 390016 580017 730018 840
019 810020 810021 950022 1050023 950024 510025 840026 130027 50028 20
029 60030 600
37686TMID1895 930 1 14800 2 15000 3 14500 4 14000 5 15200 6 15000 7 14600 8 1540
0 9 1620010 1510011 1040012 770013 900014 1280015 1690016 1690017 1800018 1890
019 1760020 1880021 1740022 1290023 1670024 1150025 1050026 1030027 880028 960
029 1110030 12700
37686TMAXI895 930 1 24900 2 24400 3 22900 4 21900 5 21900 6 21900 7 20400 8 2240
0 9 2440010 2360011 1550012 1510013 2090014 2360015 2290016 2750017 2740018 2540
019 2690020 2640021 2390022 2250023 2440024 1790025 1990026 1420027 1650028 1790
029 1940030 20400
37686PRCPI895 930 1 007 2 007 3 007 4 007 5 007 6 007 7 007 8 00
7 9 00710 350511 360512 00713 00714 00715 00716 00717 00718 00
719 00720 00721 00722 330523 00724 00725 00'126 00727 00728 00
729 00730 007
37686TMIN18951031 1 3600 2 7500 3 7100 4 6800 5 200 6 1600 7 4400 8 950
0 9 710010 I0011 150012 250013 430014 510015 360016 -440017 260018 -160
019 -280020 -240021 -440022 -290023 -90024 -240025 00026 110027 60028 -230
029 -350030 -370031 -1900

Last five lines of the file:

38987PREP198911 2 8 60517 6505

38987TMIN19891231 1 9400 2 4100 3 4500 4 5000 5 5800 6 5500 7 6100 8 460
0 9 500010 120011 320012 270013 680014 660015 690016 570017 620018 190
019 230020 -40021 -30022 -30023 60024 590025 00026 40027 260028 330
029 -soo3o-15oo31 4ooo
38987TMIDI9891231 1 18000 2 9800 3 5800 4 7300 5 12700 6 7800 7 8500 8 730
0 9 990010 780011 1130012 1120013 1070014 1020015 880016 730017 780018 720
019 580020 490021 460022 510023 640024 690025 660026 780027 360028 450
029 340030 580031 6800
38987TMAX19891231 1 27000 2 24500 3 8100 4 10500 5 24500 6 14000 7 12600 8 1400
0 9 1750010 1850011 2150012 2310013 1750014 1720015 1120016 960017 1350018 1400
019 1190020 1300021 1250022 1350023 1100024 900025 1490026 1800027 850028 740
029 880030 1660031 11900
38987PRCPI98912 7 3 005 4 605 6 2780515 460516 520517 400524 505
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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 cohnnn 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 Westem
Hemisphere have negative longitudes.

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

1st 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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Table A.1. Inventory of stations in "ussrl.data" (File 10, Tape 1)

MIN TEMP MEAN TEMP MAX TEMP PRECIP

WMO 1st % 1st % 1st % 1st %
No. Station name Lat Lon Elev year miss year miss year miss year miss

20674 OSTROV DIKSON 73.50 80.40 42.0 1936 0.2 1936 0.2 1936 0.2 1936 9.1
20891 HATANGA 71.98 102.47 30.0 1929 7.1 1928 11.1 1929 7.2 1928 17.0
21946 COKURDAH 70.62 147.88 0.0 1944 1.9 1944 1.6 1944 1.6 1944 11.9
21982 OSTROV VRANGELJA 70.97 -178.37 2.0 1926 1.7 1926 1.4 1926 1.6 1926 21.6
22113 MURMANSK 68.97 33.05 57.0 1936 0.2 1936 0.1 1936 0.3 1936 20.4
22217 KANDALAKSA 67.13 32.43 26.0 1912 1.1 1912 1.0 1912 1.6 1912 13.4
22522 KEM'-PORT 64.98 34.78 7.3 1916 1.8 1916 1.6 1916 2.1 1916 16.2
22550 ARHANGEL'SK 64.58 40.50 8.0 1881 1.0 1881 0.4 1881 19.5 1881 11.4
22583 KOJNAS 64.75 47.65 63.0 1912 5.2 1912 2.7 1915 2.7 1912 11.7
22602 REBOLY 63.82 30.82 179.0 1910 38.6 1910 38.2 1910 40.0 1910 46.9
22641 ONEGA 63.90 38.12 11.0 1936 0.7 1936 0.2 1936 2.0 1936 18.3
22802 SORTOVALA 61.72 30.72 17.0 1945 0.1 1945 0.1 1945 0.5 1945 14.6
22820 PETROZAVODSK 61.82 34.27 110.0 1936 5.6 1936 5.4 1936 7.2 1936 20.8
22837 VYTEGRA 61.02 36.45 55.0 1891 13.8 1881 7.1 1910 15.1 1881 16.7
22887 KOTLAS 61.23 46.63 56.0 1936 0.0 1936 0.0 1936 0.0 1936 17.5
23146 MYS KAMENNYJ 68.47 73.60 2.0 1950 0.7 1950 0.8 1950 0.8 1950 15.6
23205 NAR'JAN-MAR 67.65 53.02 5.0 1926 1.6 1926 1.9 1926 3.3 1926 17.0
23219 HOSEDA-HARD 67.08 59.38 82.0 1936 0.5 1936 0.9 1936 5.3 1936 15.9
23405 UST'-CIL'MA 65.45 52.17 72.0 1892 5.3 1892 4.5 1913 1.6 1892 20.1
23418 PECORA 65.12 57.10 54.5 1943 1.5 1943 1.4 1943 7.7 1943 16.7
23472 TURU-HANSK 65.78 87.95 37.0 1960 0.0 1960 0.0 1960 0.0 1960 12.9
23631 BEREZOVO 63.93 65.05 27.0 1936 0.0 1936 0.0 1936 2.1 1936 15.2
23711 TROICKO-PECERSKOE 62.70 56.20 135.0 1888 3.7 1888 2.2 1914 2.8 1888 10.6
23724 NJAKSIMVOL" 62.43 60.87 50.0 1936 0.5 1936 0.5 1936 0.6 1936 13.3
23804 SYKTYVKAR 61.67 50.85 96.0 1888 4.8 1888 3.0 1897 17.2 1888 12.7
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Table A.2. Inventory of stations in "ussr2.data" (File 11, Tape 1)

MIN TEMP MEAN TEMP MAX TEMP PRECIP
WMO 1st % 1st % 1st % 1st %

No. Station name Lat Lon Eiev year miss year miss year miss year miss

23849 SURGUT 61.25 73.50 44.0 1891 10.5 1884 3.8 1933 3.5 1884 9.0
23884 BOR 61.60 90.00 62.0 1936 5.6 1936 1.9 1937 4.2 1936 12.1
23891 BAJKIT 61.67 96.37 256.0 1936 0.8 1936 0.6 1936 _3.5 1936 13.3
23921 IVDEL" 60.68 60.43 93.0 1934 2.0 1934 1.4 1934 3.1 1934 15.8
23933 HANTY-MANSIJSK 60.97 69.07 45.0 1895 23.7 1892 24.0 1933 4.1 1892 34.1
23955 ALEKSANDROVSKOE 60.43 77.87 47.0 1936 0.0 1936 0.0 1936 0.6 1936 8.6
24125 OLENEK 68.50 112.43 216.5 1936 4.4 1936 4.1 1936 4.1 1937 14.9
24266 VERHOJANSK 67.55 133.38 136.0 1890 9.2 1885 8.9 1895 29.2 1885 18.0

> 24343 ZIGANSK 66.77 123.40 88.0 1936 0.8 1936 0.5 1936 2.8 1936 15.8
t_ 24507 TURA 64.17 100.07 188.0 1928 1.9 1928 1.8 1929 9.7 1928 12.6

24641 VII..JUJSK 63.77 121.62 110.8 1898 2.4 1898 1.9 1900 31.2 1898 5.9

24688 OJMJAKON 63.27 143.15 740.0 1943 0.1 1943 0.0 1943 3.9 1943 9.0
24738 SUNTAR 62.15 117.65 131.0 1936 1.3 1936 0.2 1936 0.5 1936 6.3

24817 ERBOGACEN 61.27 108.02 284.0 1936 3.1 1936 3.1 1936 11.5 1936 19.9
24908 VANAVARA 60.33 102.27 259.0 1932 2.7 1932 2.4 1932 7.6 1932 12.2
24944 OLEKMINSK 60.40 120.42 223.0 1882 25.4 1882 16.6 1900 32.5 1882 21.5

24951 ISIT' 60.82 125.32 117.0 1936 4.8 1936 4.6 1936 7.3 1936 20.0
24959 JAKUTSK 62.08 129.75 98.5 1888 6.3 1888 3.0 1888 29.7 1888 11.2
24966 UST'-MAJA 60.38 134.45 169.0 1902 14.1 1897 13.8 1926 4.4 1897 21.6
25173 MYS SMIDTA 68.92 -179.48 3.3 1936 0.2 1936 0.2 1936 0.2 1936 23.3
25551 MARKOVO 64.68 170.42 25.0 1894 23.4 1894 22.2 1894 26.0 1894 31.8

25563 ANADYR' 64.78 177.57 64.0 1898 17.7 1898 15.5 1915 18.4 1898 29.4
25594 BUHTA PROVIDENJA 64.43 -173.23 9.0 1936 1.6 1936 1.6 1936 1.6 1936 9.7
25703 SEJMCAN 62.92 152.42 206.0 1936 6.8 1936 6.7 1936 6.8 1936 21.6
25744 KAMENSKOE 62.48 166.22-33.0 1953 4.6 1950 2.6 1950 5.2 1950 18.7



Table A.3. Inventory of stations in "ussr3.data" (File 12, Tape 1)

MIN TEMP MEAN TEMP MAX TEMP PRECIP

WMO 1st % 1st % 1st % 1st %
No. Station name Lat Lon Elev year miss year miss year miss year miss

25913 MAGADAN 59.58 150.78 115.0 1936 0.0 1936 0.0 1936 0.0 1936 8.5
25954 KORF 60.35 166.00 2.0 1929 9.8 1929 8.5 1929 15.2 1929 23.1
26038 TALLIN 59.42 24.80 41.0 1936 2.2 1936 2.2 1936 2.2 1936 9.2
26063 LENINGRAD TOWN/VILLE 59.97 30.30 4.0 1881 0.3 1881 0.0 1881 2.2 1881 3.7
26188 VEREB'E 58.68 32.70 116.0 1936 3.4 1936 3.4 1936 3.4 1936 11.1
26231 PJARNU 58.38 24.50 1.0 1936 2.8 1936 2.8 1936 2.9 1936 8.6
26258 PSKOV 57.83 28.35 42.0 1936 5.9 1936 5.9 1936 5.9 1936 20.6
26406 LIEPAJA 56.55 21.02 4.0 1895 9.9 1881 13.7 1922 2.1 1881 18.3
26422 RIGA 56.97 24.07 7.0 1943 0.0 1943 0.0 1943 0.0 1943 8.4
26477 VELIKIE LUKI 56.38 30.60 98.0 1881 27.4 1881 18.2 1881 30.0 1881 27.7
26629 KAUNAS 54.88 23.88 76.0 1922 0.5 1922 0.6 1922 0.5 1922 9.2

26702 KALININGRAD 54.70 20.62 20.0 1947 0.2 1947 0.0 1947 0.3 1947 7.6
26730 VIL'NJUS 54.63 25.28 162.0 1890 6.5 1881 5.0 1918 2.6 1881 14.8
26781 SMOLENSK 54.75 32.07 236.0 1944 1.4 1944 0.1 1944 3.5 1944 9.6
26850 MINSK 53.87 27.53 222.0 1891 22.2 1891 17.6 1896 29.2 1891 21.0
27037 VOLOGDA 59.28 39.87 125.0 1938 1.8 1938 1.6 1938 1.6 1938 11.5

27196 KIROV 58.65 49.62 165.0 1890 4.7 1881 3.7 1890 28.8 1881 13.6
27333 KOSTROMA 57.73 40.95 137.0 1925 0.0 1925 0.0 1925 0.0 1925 16.4
27553 GOR'KIJ 56.22 43.82 161.0 1892 3.9 1881 3.3 1907 3.2 1881 13.1
27595 KAZAN' 55.78 49.18 116.0 1890 2.7 1881 2.3 1895 6.0 1881 5.7
27612 MOSKVA 55.75 37.57 147.0 1948 1.2 1948 1.2 1948 2.5 1948 16.9

27648 ELAT' MA 54.95 41.77 132.0 1891 3.6 1886 3.7 1891 28.1 1886 10.4
27823 PAVELEC 53.78 39.25 209.0 1936 0.8 1936 0.8 1936 0.8 1936 11.8
27947 TAMBOV 52.73 41.47 139.0 1936 0.0 1936 0.0 1936 0.0 1936 10.9

28064 LEUSI 59.62 65.78 72.8 1936 0.1 1936 0.0 1936 1.5 1936 15.3



Table A.4. Inventory of stations in "ussr4.data" (File 13, Tape 1)

MIN TEMP MEAN TEMP MAX TEMP PRECIP

WMO 1st % 1st % 1st % 1st %

No. Station name Lat Lon Eiev year miss year miss year miss year miss

28138 BISER 58.52 58.85 463.0 1891 8.4 1888 7.6 1894 41.4 1888 13.7
28225 PERM 58.02 56.30 169.0 1890 0.7 1882 1.3 1893 23.2 1882 14.5

28275 TOBOL'SK 58.15 68.18 48.5 1887 5.8 1884 3.1 1900 15.2 1884 12.2
28411 IZEVSK 56.82 53.27 155.0 1958 0.0 1958 0.0 1958 0.0 1958 20.1

28434 KRASNOUFIMSK 56.62 57.75 20.6 1936 0.3 1936 0.0 1936 0.0 1936 15.6
28440 SVERDLOVSK 56.80 60.63 282.0 1881 12.7 1881 8.4 1885 13.9 1881 13.5
28493 TARA 56.90 74.38 73.0 1936 0.2 1936 0.2 1936 0.2 1936 14.5
28661 KURGAN 55.47 65.40 70.0 1893 12.4 1893 7.7 1929 1.1 1893 19.8
28679 PETROPAVLOVSK 54.83 69.15 134.0 1890 18.7 1890 13.0 1899 29.4 1890 23.2
28698 OMSK 54.93 73.40 121.0 1916 2.6 1916 1.0 1916 10.9 1916 11.7
28722 UFA 54.75 56.00 104.0 1900 5.3 1900 4.6 1914 4.3 1900 11.7
28900 KUJBYSEV BEZENCUK 53.25 50.45 137.0 1936 0.2 1936 0.0 1936 0.1 1936 14.6
28952 KUSTANAJ 53.22 63.62 169.0 1902 9.1 1902 5.2 1902 15.6 1902 17.7
29231 KOLPASEV 58.30 82.90 80.0 1936 0.0 1936 0.0 1936 0.0 1936 7.4
29263 EN1SEJSK 58.45 92.15 77.0 1884 5.8 1884 2.3 1887 37.6 1884 12.3
29282 BOGUCANY 58.42 97.40 134.0 1930 2.9 1930 1.9 1930 2.9 1930 16.8
29430 TOMS K 56.43 84.97 137.0 1890 1.2 1881 0.3 1924 2.6 1881 8.9
29574 KRASNOJARSK 56.00 92.88 274.0 1914 1.7 1914 0.8 1923 1.0 1914 9.2
29612 BARABINSK 55.37 78.40 120.0 1900 10.2 1900 8.1 1910 23.5 1900 17.9
29698 NIZNE-UDINSK 54.88 99.03 410.0 1966 0.0 1966 0.0 1966 0.0 I966 23.2
29807 IRTYSSK 53.35 75.45 93.0 1936 1.0 1936 0.2 1936 6.5 1936 13.0
29838 BARNAUL 53.33 83.70 153.0 1959 0.2 1959 0.2 1959 5.0 1959 15.4
29866 MINUSINSK 53.70 91.70 251.0 1910 10.3 1910 8.8 1927 3.2 1910 18.5
30054 VITIM 59.45 112.58 186.3 1928 1.3 1928 1.3 1930 1.3 1928 13.2
30230 KIRENSK 57.77 108.12 256.0 1892 10.2 1892 7.0 1898 39.9 1892 13.9
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Table A.5. Inventory of stations in "ussr5.data" (File 14, Tape 1)

MIN TEMP MEAN TEMP MAX TEMP PRECIP

WMO 1st % 1st % 1st % 1st %
No. Station name Lat Lon Elev year miss year miss year miss year miss

30253 BODAJBO 57.85 114.20 278.0 1936 0.0 1936 0.0 1937 1.9 1936 15.1
30372 CARA 56.92 118.37 708.0 1938 1.3 1938 1.0 1938 1.2 1938 13.4
30393 CUL'MAN 56.83 124.87 843.9 1936 2.9 1936 2.0 1936 6.1 1936 16.1
30521 ZIGALOVO 54.80 105.17 426.0 1937 3.3 1937 1.9 1937 10.5 1937 10.5
30555 TROICKIJPRIISK 54.62 113.13 1315.0 1938 0.3 1938 0.3 1938 0.3 1938 I3.1
30636 BARGUZIN 53.62 109.63 488.0 1900 16.2 1898 7.3 1928 6.5 1898 18.4
30673 MOG(_A 53.73 119.78 624.0 1910 11.5 1910 10.5 1910 17.1 1910 17.8
30692 SKOVORODINO 54.00 123.97 397.5 1912 12.2 1912 11.4 1912 13.5 1912 20.2

:> 30710 IRKUTSK 52.27 104.35 467.0 1887 0.0 1882 0.0 1887 2.0 1882 5.0
30758 CITA 52.02 113.33 471.0 1890 4.1 1890 4.0 1898 30.0 1890 14.9
30777 SRETENSK 52.27 117.70 528.0 1936 0.4 1936 0.2 1936 0.2 1936 10.8
30823 ULA2q-UDE 51.80 107.43 514.0 1891 5.2 1886 2.5 1893 31.2 1886 14.4
30925 KJAHTA 50.37 106.45 791.0 1895 17.2 1895 14.6 1895 38.8 1895 23.5
30949 KYR_. 49.57 111.97 907.0 1927 10.8 1927 9.5 1927 12.0 1927 17.3
30965 BORZJA 50.38 116.52 675.0 1901 9.8 1901 7.5 1901 29.9 1901 17.2
31004 ALDAN 58.62 125.37 678.0 1937 0.0 1937 0.0 1937 0.6 1937 4.7
31088 OHOTSK 59.37 143.20 5.0 1891 22.3 1891 21.8 1912 9.3 1891 32.9
31168 AJAN 56.45 138.15 7.0 1931 1.5 1931 1.5 1931 2.6 1931 13.0
31253 BOMNAK 54.72 128.93 357.0 1909 13.6 1909 13.3 1909 14.8 1909 20.1
31329 EKIMCAN 53.07 132.93 540.0 1914 4.9 1914 2.1 1915 17.0 1914 13.8
31369 NIKOLAEVSK-NA-AMURE 53.15 140.70 46.0 1881 12.0 1881 8.5 1925 5.4 1881 20.8
31388 NORSK 52.35 129.92 207.0 1925 4.2 1925 3.1 1933 7.3 1925 11.5
31416 IM POLINY OSIPENKO 52.42 136.50 71.0 1936 0.8 1936 0.3 1936 023 1936 12.1
31510 BLAGOVESCENSK 50.27 127.50 130.0 1890 11.2 1881 4.3 1914 0.0 1881 19.0
31532 CEKUNDA 50.82 132.17 271.0 1936 0.5 1936 0.8 1936 4.3 1936 10.8
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Table A.6. Inventory of stations in "ussr6.data" (File 15, Tape 1)

MIN TEMP MEAN TEMIP MAX TEMP PRECIP
WMO 1st % 1st % 1st % 1st %

No. Station na_e Lat Lon Eiev year miss year miss year miss year miss

31594 ARHARA 49.42 130.08 133.0 1936 0.2 1936 0.0 1936 0.I 1936 10.4
31707 EKATERINO-NIKOL'SKOE 47.73 130.97 72.0 1966 0.0 1966 0.0 1966 0.0 1966 14.1
31735 HABAROVSK 48.52 135.17 88.0 1952 0.9 1952 0.9 1952 0.9 1952 14.7
31829 MYS ZOLOTOJ 47.32 138.98 27.0 1936 522 1936 4.1 1936 4.2 1936 15.6
31873 DAL'NERECENSK 45.87 133.73 97.0 1939 3.5 1939 3.5 1939 3.9 1939 16.7
31909 TERNT_.J 45.03 136.67 51.0 1926 19.4 1923 19.1 i925 19.4 1923 28.9
31915 POGRAN1CNYJ 44.40 131.38 217.0 1902 12.7 1902 12.1 1910 8.9 lb,W2 19.9
31960 VLADIVOSTOK 43.12 131.90 183.0 1914 5.4 1914 5.3 1914 6.7 1914 I0.0

32061 ALEKSANDROVSK-SAHALINSKIJ 50.90 142.17 30.0 1881 10.6 1881 9.0 1894 12.3 1881 19.2
32098 PORONAJSK 49.22 143.10 7.0 1908 1.9 1908 1.6 1908 2.5 1908 16.6
32165 JUZNO-KURIL'SK 44.02 145.82 44.0 1947 0.0 1947 0.0 1947 0.0 1947 14.6

32389 KLJUCI 56.32 160.83 28.0 1914 13.4 1914 13.4 1914 22.1 1914 19.5
32411 ICA 55.70 155.63 10.0 1936 6.5 1936 3.2 1937 10.3 1936 16.5
32540 PETROPAVLOVSK-KAMCATSKLI 52.97 158.75 -999.9 1895 9.0 1894 3.2 1906 8.8 1894 6.1
32564 OKTIABR'SKAYA 52.67 156.23 6.0 1914 26.7 1914 23.5 1915 29.1 1914 27.8

33008 BREST 52.12 23.68 141.0 1902 48.7 1902 48.5 1902 48.5 1902 52.9
33038 VASILEVICI 52.25 29.83 139.0 1891 21.3 1881 18.1 1914 28.2 1881 23.9
33345 KIEV 50.40 30.45 167.0 1881 1.5 1881 0.8 1881 17 1881 4.7

33377 LUBNY 50.02 33.00 156.0 1936 2.3 1936 2.2 1936 2.2 1936 14.9
33393 L'VOV 49.82 23.95 326.0 1936 8.6 1936 8.2 1936 82 1936 15.3
33562 VINNICA 49.23 28.47 281.0 1936 2.5 1936 1.3 1936 1.3 1936 12.7
33631 UZGOROD 48.63 22.27 115.0 1946 0.8 1946 0.7 1946 0.7 1946 l 1.9
33658 CERNOVCY 48.27 25.97 239.0 1941 6.7 1941 6.7 1941 7.5 1941 16.0
33815 KISINEV 47.02 28.87 173.0 1891 27.7 1886 27.0 1892 41.2 1886 31.9
33837 ODESSA 46.48 30.63 42.0 1894 4.5 1894 3.3 1894 4.7 1894 12.8



Table A.7. Inventory of stations in "ussr7.data" (File 1, Tape 2)

MIN TEMP MEAN TEMP MAX TEMP PRECW

WlVlO 1st % 1st % 1st % 1st %

No. Station name Lat Lon Elev year miss year miss year miss year m_

33889 IZMAIL 45.37 28.87 28.0 1887 54.3 1886 51.9 1887 54.4 1886 59.0
33910 GEN1CESK 46.17 34.82 14.0 1885 14.3 1883 13,0 1891 27.4 1883 20,0
33915 ASKANIJA-NOVA 46.45 33.88 28.0 1910 20.8 1910 19.2 1910 22.0 1910 29,6
33946 SIMFEROPOL" 45.02 33.98 204.0 1955 0.0 1955 0.0 1955 0.0 1955 14.9
33976 FEODOSIJA 45.03 35.38 22.0 1882 14.4 1881 12.1 1882 14.6 1881 18.8
33983 KERC" 45.37 36.43 32,0 1936 5.1 1936 5.1 1936 5.1 1936 21,4
34009 KURSK 51.65 36.18 246.0 1891 7.1 1891 5.9 1896 17.6 1891 10.8
34122 VORONEZ 51.70 39.17 147.0 1918 4.2 1918 2,3 1918 3.8 1918 15,9

34139 KAMENNAJA STEP" 51.05 40,70 193.0 1893 5.6 1893 5.6 1893 8.7 1893 14.9
34163 OKTJABR'SKIJ GORODOK 51.63 45.45 202.0 1884 9,2 1881 1.1 1891 10,3 1881 9,9
34172 SARATOV 51.57 46.03 126.0 1936 0.3 1936 0,2° 1936 0.6 1936 10.5
34300 HAR'KOV 49.93 36,28 147.0 1936 17.4 1936 17.1 1936 17.1 1936 26,5
34391 ALEKSANDROV-GAJ 50.15 48.55 23.0 1936 0.3 1936 02 1936 1.5 1936 9 5
34524 DEBAL'CEVO 48.35 38.43 334.0 1936 5.6 1936 4.8 1936 5.4 1936 13,8
34646 VOLGODONSK 47.73 42.25 64.0 1952 0.4 1952 0.2 1952 0.4 1952 16.9
_34731 ROSTOV-NA-DONU 47.25 39.82 66.0 1886 12.4 1886 9.3 1911 7.0 1886 12,3
34747 CELINA 46.55 41.05 111.0 1936 1.8 1936 1.4 1936 1.7 1936 12.7
34824 PRIMORSKO-AHTARSK 46.03 38.15 3,0 1959 1.6 1959 1.6 1959 1.6 1959 14,4
34861 ELISTA 46.32 44.30 151.0 1927 4.6 1927 3.2 1927 5,2 1927 14.7
34880 ASTRAHAN" 46.27 48.03 -99.0 1881 7.4 1881 3.6 1881 13,6 1881 8.5
35078 ATBASAR 51,82 68.37 303.0 1936 1.0 1936 0,5 1936 0.5 1936 17.6
35108 URAL'SK 51.25 51.40 36,0 1900 8.3 1900 8.7 1901 19.9 1900 17.1
35121 ORENBURG 51.75 55.10 115.0 1892 0.9 1886 0.2 1915 2,3 1886 4.7
35133 ADAMOVKA 51.52 59.95 285.0 1936 7.4 1936 2.6 1936 10.2 1936 13,3
35188 CELINOGRAD 51.13 71.37 347.0 1884 10.1 1881 7,7 1900 24.3 1881 19.4
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Table A.8. Inventory of stations in "ussrS.data" (lrde 2, Tape 2)

MIN TEMP MEAN TEMP MAX TEMP PRECIP
WMO 1st % 1st % 1st % 1st %

No. Station name Lat Lon Eiev year miss year miss year miss year miss

35229 AKTJUBINSK 50.28 57.15 219.0 1904 15.4 1904 8.7 1904 12.7 1904 16.7
35358 TURGAJ 49.63 63.50 124.0 1901 27.3 1900 16.8 1901 29.3 1900 26.3
35394 KARAGANDA 49.80 73.13 550.0 1936 0.6 1936 0.2 1936 0.8 1936 10.0
35406 KALMYKOVO 49.05 51.87 1.0 1925 20.0 1925 6.8 1927 8.4 1924 19.6
35416 UIL 49.07 54.68 88.0 1925 12.4 1925 5.8 1925 19.7 1925 16.0
35542 IRGLZ 48.62 61.27 114.0 1936 7.5 1936 0.9 1936 2.8 1936 16.6

35576 KZYL-ZAR 48.30 69.65 361.0 1937 3.9 1937 2.7 1937 5.9 1937 14.9
35663 KARSAKPAJ 47.83 66.75 488.0 1927 9.2 1926 1.4 1928 4.4 1926 9.1

35700 GUR'EV 47.02 5!.85 -24.0 1881 15.2 1881 6.2 1885 24.8 1881 19.8
--.-- 35746 ARAL'SKOE MORE 46.78 61.67 62.0 1905 13.1 1905 7.4 1905 2:,.0 1905 16.8

35796 BALHAS 46.90 75.00 347.0 1936 6.2 1936 0.5 1936 2.6 1936 17.3
36034 RUBCOVSK 51.50 81.22 216.0 1936 12 1936 0.0 1936 0.6 1936 13.4

36177 SEMIPALATINSK 50.35 80.25 195.0 1902 6.5 1901 4.6 1901 21.2 1901 15.1
36665 ZAJS AN 47.47 84.92 604.0 1936 1.3 1936 0.2 1936 1.1 1936 10.7
36729 UC-ARAL 46.17 80.93 397.0 1937 3.0 1936 1.4 1936 2.1 1936 12.2

36859 PANFILOV 44.17 80.07 641.0 1917 13.2 1917 1.5 1917 8.6 1917 10.0
36870 ALMA-ATA 43.23 76.93 847.0 1915 2.4 1915 2.3 1915 2.4 1915 14.4
36974 NARYN 41.43 76.00 2039.0 1913 8.9 1913 7.5 1925 6.1 1913 11.1
37031 ARMAVIR 44.98 41.12 158.0 1936 2.0 1936 1.2 1936 2.6 1936 12.3
37050 PJATIGORSK 44.05 43.03 531.0 1934 1.6 1934 1.5 1934 1.8 1934 18.0
37099 SOCI 43.58 39.72 57.0 1891 7.5 1g81 4.8 1898 5.5 1881 8.7
37235 GROZNYJ 43.35 45.68 123.0 1938 2.2 1938 1.3 1938 1.3 1938 16.7
37385 SAMTREDIA 42.18 42.37 28.0 1936 0.0 1936 0.1 1936 0.0 1936 8,0
37472 MAHACKALA 43.02 47.43 -21.0 1882 1.6 1882 0.9 1913 1.5 1882 16.0
37549 TBILISI 41.68 44.95427.0 1881 4.1 1881 3.8 1888 12.8 1881 17.5



Table A.9. Inventory of stations in "ussr9.data" (File 3, Tape 2)

MIN TEMP MEAN TEMP MAX TEMP PRECIP
WMO 1st % 1st % Ist % 1st %

No. Station name Lat Lon Eiev year miss year miss year miss year miss

37686 LENINAKAN 40.78 43.83 1523.0 1895 12.4 1895 10.5 1895 32.4 1895 16.0
37735 KIROVABAD 40.72 46.42 308.0 1882 28.1 1882 15.4 1882 30.5 1882 20.3
37789 EREVAN 40.13 44.47 888.0 1886 14.0 1885 7.4 1896 23.7 1885 12.8
38198 TURKESTAN 43.27 68.22 206.0 1882 39.4 1882 7.5 1914 16.6 1882 13.4

38262 CIMBAJ 42.95 59.82 64.7 1937 2.6 1937 0.0 1937 0.2 1937 9.4
38353 FRUNZE 42.83 74.58 756.0 1936 0.0 1936 0.0 1936 0.0 1936 7.0
38413 TAMDY 41.73 64.62 236.0 1932 3.4 1932 1.3 1932 2.2 1932 12.1
38457 TASKENT 41.27 69.27 477.0 1881 7.6 1881 2.0 1881 8.5 1881 72

,_ 38507 KRASNOVODSK 40.03 52.98 89.0 1936 11.8 1936 6.2 1936 6.3 1936 19.5
38599 LENINABAD 40.22 69.73 425.0 1936 1.0 1936 0.5 1936 2.4 1936 12.5
38618 FERGANA 40.37 71.75 577.8 1881 21.5 1881 6.5 1907 18.6 1881 15.0
38687 CARDZOU 39.08 63.60 188.0 1894 17.6 1894 10.6 1913 13.2 1894 16.1
38696 SAMARKAND 39.57 66.95 725.0 i936 0.0 1936 0.0 1936 0.0 1936 6.2
38750 GASAN-KULI 37.47 53.97 -24.0 1926 2.9 1926 1.0 1926 2.0 1926 10.3
38763 KIZYL-ARVAT 38.98 56.28 97.0 1883 16.4 1883 1I.I 1885 22.1 1885 16,8
38836 DUSANBE 38.58 68.78 796.0 1926 1.3 1926 0.8 1926 3.1 1926 9.6
38880 ASHABAD 37.97 58.33 227.0 1937 13.0 1937 12.1 1937 12.1 1937 19.9
38895 BAJRAM-ALI 37.60 62.18 240.0 1889 8.3 1889 2.6 1890 24.7 1889 9.1
38927 TERMEZ 37.23 67.27 309.0 1927 19.7 1927 15.9 1927 17.8 1927 22.7
38933 KURGAN-TJUBE 37.82 68.78 427.0 1936 0.3 1936 0.0 1936 0.2 1936 9.9
38954 HOROG 37.50 71.50 2077.0 1910 25.0 1898 16.7 1910 25.1 1898 21.4
38974 SERAHS 36.53 61.22 275.0 1936 6.6 1936 1.5 1936 2.0 1936 9.5
38987 KUSKA 35.28 62.35 625.0 1913 7.3 1911 7.8 1913 7.9 1911 13.4
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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. is the WMO No. of the station.

Type 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.

Year is the year in which the change took place. Missing years are coded as -999.

Month is the month in which the change took place. Missing months are coded as -9.

Day is the day on which the change took place. Missing days are coded as -9.

Distance 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 blanks.

Direction is the direction in which the station was moved (e.g., N = north, SE =
southeast). Missing directio_ts 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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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 9 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 NW

22522 MOVE 1925 6 -9 0 NE
22522 MOVE 1933 6 30 1 N
22522 PRCP 1956 2 15

22550 MOVE 1935 8 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 SW
22602 PRCP 1951 9 -9
22602 MOVE 1965 6 -9 0 W

22641 MOVE 1897 8 -9 0 -99
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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 NW

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
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23405 MOVE 1915 8 14 0 -99
23405 MOVE 1918 11 21 0 W
23405 '")VE 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 MOVE 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
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23849 MOVE 1939 7 10 5 E
23849 PRCP 1950 -9 -9
23849 MOVE 1961 12 25 2 WNW

23884 _'OVE 1949 6 29 1 W
23884 P_:_CP 1954 9 3

23884 MOVE 1955 1 1 7 SW
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 -99

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
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24343 PRCP 1953 1 -9
24343 MOVE 1957 9 4 1 NW
24343 MOVE 1960 9 9 0 NW
24343 MOVE 1964 7 25 0 NE
24343 MOVE 1973 6 -9 0 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
2464 1 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
24688 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 11 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

24951 MOVE 1937 7 4 0 E
24951 MOVE 1942 10 3 7 SE
24951 MOVE 1945 9 4 7 NW
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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 NW

24966 MOVE 1925 8 -9 7 SW
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 NW
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
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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 -99
26231 MOVE 1947 11 7 2 SSE
26231 PRCP 1949 1 -9
26231 MOVE 1964 12 -9 -9 -99

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 SSW
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
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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 MOVE 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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27196 MOVE 1922 12 3 0 S
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 SSW
2755 3 PRCP 1948 12 17

27595 MOVE 1921 -9 -9 0 -99
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 I W
27648 PRCP 1950 7 -9

27823 MOVE 1930 I 1 -9 I SE
27823 MOVE 1943 1 -9 1 W
27823 PRCP 1951 1 1

27947 MOVE 1932 9 19 I -99
27947 PRCP 1953 1 1
27947 MOVE 1957 9 30 2 -99

28064 MOVE -999 -9 -9 -9 -99
28064 PRCP 1953 1 10

28138 MOVE -999 -9 -9 -9 -99
28138 PRCP 1956 5 -9
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28225 MOVE i938 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 l 0 E
28411 PRCP 1951 5 30
28411 MOVE 1961 6 1 5 E
28411 MOVE 1974 l0 -9 l0 E
28411 MOVE 1977 8 -9 1 NE

28434 PRCP 1949 9 -9
28434 MOVE 1956 I l 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 SW
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
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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
29231 MOVE 1947 10 14 2 E
29231 PRCP 1950 7 1
29231 MOVE 1963 8 -9 l 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
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29698 MOVE 1932 11 1 0 -99
29698 MOVE 1939 8 1 0 -99
29698 MOVE 1946 10 16 i S
29698 PRCP 1950 9 1

29807 MOVE -999 -9 -9 -9 -99
29807 PRCP 1951 7 1

29838 PRCP 1951 6 25
29838 MOVE 1970 9 -9 1 NW

29866 MOVE -999 -9 -9 -9 -99
29866 PRCP 1951 8 6

30054 MOVE -999 -9 -9 -9 -99
30054 PRCP 1953 1 1

30230 MOVE -999 -9 -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 1 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 -9 -9 S
30636 MOVE 1936 3 -9 1 NE
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30636 MOVE 1952 -9 -9 2 W
30636 PRCP 1954 6 -9
30636 MOVE 1963 li -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 -9 0 NE

30692 MOVE 1932 10 -9 3 NE
30692 MOVE 1933 -9 -9 0 S
30692 MOVE 1937 6 -9 0 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 1942 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 194 1 12 -9 0 NE
31004 PRCP 1948 9 -9
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
31510 PRCP 1953 1 31
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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 1 E
31707 MOVE 1925 -9 -9 1 E
31707 MOVE 1931 6 -9 10 -99
31707 MOVE 1934 8 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 8 -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
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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
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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 15
33915 MOVE 1964 12 12 0 SE

33946 MOVE -999 -9 -9 -9 -99
33946 PRCP 1949 -9 -9
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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 NW
34163 PRCP 1954 4 18
34163 MOVE 1960 9 21 0 NW

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 1 N
34646 MOVE 1946 4 20 I N
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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 8 -9 0 W

34824 MOVE -999 -9 -9 -9 -99
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 1

35229 MOVE 1937 8 5 0 -99
35229 PRCP 1953 5 -9
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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 NW
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 SSW
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
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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 1

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 i
36870 MOVE 1915 -9 -9 2 NW
36870 PRCP 1951 6 -9

36974 MOVE 1935 -9 -9 0 -99
36974 PRCP 1949 5 -9
36974 MOVE 1960 12 -9 ! 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 -99
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 -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 SSW

38198 MOVE 1930 11 26 5 W
38198 MOVE 1938 8 23 2 W
38198 PRCP 1955 3 -9

38262 MOVE 1940 10 I 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 1 N
38599 MOVE 1940 8 11 15 S
38599 PRCP 1949 12 15
38599 MOVE 1961 4 -9 I 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 195! 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 I

38763 MOVE 1908 3 12 0 -99
38763 MOVE 1925 -9 -9 0 -99
38763 PRCP 1953 1 1
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 I 1 5 0 -99
38836 MOVE 1983 -9 -9 0 -99

38880 MOVE 1927 11 14 0 S
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 11 -9 2 WNW
38933 PRCP 1949 11 23

38954 MOVE 1933 11 -9 13 N
38954 MOVE 1936 9 -9 -9 NE
38954 MOVE 1945 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 -99
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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Abstract

Monthlymean maximum and mimmum temperaturesforover
50% (10%) of the Northern (Southern)Hemisphere landmass,
accountingfor 37% oftheglobal landmass,indicatethattheriseof
the minimumtemperaturehasoccurredat a ratethreetimesthatof
the maximumtemperaturedunng theperiod 1951-90 (0.84°C ver-
sus0.28'C) The decrease of the diurnal temperaturerange _s
approximatelyequal to the increase of mean temperature.The
asymmetryis detectable in all seasonsand in mostof theregions
stud_ed.

The decrease in the dadytemperature range_sparhallyrelated
to raP.teasesm cloud cover. Furthermore, a large numberof atmo-
sphericand surface boundary cond_honsare shownto differentially
affect the maximumand mimmum temperature Linkages of the
observed changes _nthe diurnal temperature range to large-scale
chmate forcings, such as anthropogen_cincreases _nsulfate aero-
sols, greenhouse gases, or blomass burmng (smoke}, remain
tentahve Nonetheless. the observed decrease of the diurnal tem-
perature range _sclearly _mportant.both sc_enhficallyand prach-
cally
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1. Background mum temperature data from southeastern Australia.
The IPCC (1990) reported a s_gnificant decrease inthe

The mean monthly maximum and minimum tem- DTR from both of these regions Meanwhile. work from
peratures are derived from an average of the daily another data exchange agreement, a bilateral agree-
maximum and minimum temperatures. The mean ment betweenthe United States and tne former USSR
monthly diurnal temperature range (DTR) is defined (Union of Soviet Socialist Republics), came to fruition
as the difference between the mean monthly maxi- as a dataset of mostly rural maximum and minimum
mum and minimum temperatures. The dearth of ap- temperatures was developea ;,.)rthe former USSR.
propriate databases that include information on the Karletal (1991) reported on the w_despread decrease
daily or mean monthly maximum and minimum tem- of the DTR over the former USSR, PRC, and the
perature has previously impeded our ability to mvesti- contiguous United States that was reiterated by the
gate changes in these quantities. The problem has IPCC (1992).
historical roots. It arises because the climatological Additional data from other countries and updates to
data that have been made accessible to the interna- previous analyses have now been analyzed here and
tional community, by national meteorological or cli- elsewhere. Additional data include the eastern half oi
mate data centers throughout the world, do not nor- Australia, Sudan, Japan, Denmark, northern Finland,
mally include data with resolution h_gher than mean some Pac,fic island stations, Pakistan, South Africa,
monthly temperatures. The data that are made avail- and a few other long-term stations in Eur,Jpe Figure 1
able internationally are usually derived from the monthly shows the area of the globe that has now been
climate summaries (CLIMAT messages} on the GIo- analyzed for differential changes of the maximum and
balTelecommunications System (GTS), which do not m_n_mum temperature The area now covers over
include information on the maximum or minimum 50% (10%) of the Northern (Southern) Hemisphere
temperatures. The GTS is the means by which near- landmass, but still only about 37% of the global land-
real-time in situ global climate data are exchanged, mass
Moreover, the problem has been exacerbated be-
cause the World Meteorological Organization's retro-
spective data collechon projects such as World Weather
Recordsand Monthly Climatic Data orthe World have 2. Observed changes of mean maximum,
always been limited to mean monthly temperatures, minimum, and diurnal range
This has forced climatologists interested m maximum
and minimum temperatures to either develop histori- a. Spatial and season patterns of the
cal databases on a country-by-country basis (Karl et contemporary trends
al. 1991) or try to work with the hourly GTS synoptic Daily maximum and minimum temperatures from
observations. The former is a painstakingly slow pro- more than 2000 stations were avadable for analysis in
cess, and the latter has been limited by poor data the countries shaded in Fig. 1 during the period 1951
quality and metadata (information about the data) and to 1990 (except Sudan and the former USSR, which
records of short duration (Shea et al 1992). had data through 1987 and 1989, respectively). Seo

The first indication that there might be important lected subsets of these data were averaged within
large-scale characteristics related to changes of the various regions uf each country Each region reore-
mean daily maximum and minimum temperatures was sents a compromise between climatic homogeneity
reported by Karl et al. (1984). Their analysis indicated and an adequate number of stations within tts bound-
that the DTR was decreasing at a statistically signifi- aries to reduce sampling error. The base penod for
cant rate at many rural stations across North America calculating departures from the average included the
Because of data accessibility problems, subsequent years 1951-90 (or slightly fewer years in some coun-
empirical analyses continued to focus on data from tries e.g., Sudan and the former USSR). The regions
Norlh America over the next several years (Karl et al are dehneated in Fig 2 where, similar to other large-
1986a;Planticoetal. 1990). By1990. however, aU.S./ scale studies of the change of the mean annual
People's Republic of China (PRC) bilateral agreement temperature (Jones et al 1986a,b: Jones 1988), the
organized by the US Deparlment of En(_rgyand the average of the trends of the mean annual maximum
PRC's Academy of Sciences prow(,ed the opportunity and minimum reveals a geqeral rise of temperature A
toanalyzemaximumandmin_mumtemperaturesfrom decrease ot the min_mu_:_temperature within ar_y
the People's Republic of China Also about this time, region _suncommon but _ssomewhat more frequent
the Intergovernmental Panel on Climate Change for the maximumtemperalure, as seen over the United
(IPCC) made arrangements with the Australian Na- States and the PRC The differential rate of warming
t_onal Climate Centre to analyze maximum and m_ni. between the maximum and m_nimum temperatures is
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F_G.1 Shadedareasrepresentareasoftheworldthathavebeenanalyzedforchangesofmeanmaximumandminimumtemperature.

apparent, with only a few regions reflecting an in- without any pronounced seasonal cycle in the North-
crease of the DTR. These weak exceptions occur in ern Hemisphere. The area of available data in the
central Canada and southeasternmost Australia• Southern Hemisphere is too small to make any gen-

There are some seasonal variations of the rates of eral statements about trends in that portion of the
decreasing DTR, but they vary from country to country globe, but the decrease in the Northern Hemisphere is
(Table 1). In Japan the decrease is not evident during quite apparent. The rate of the decrease in the DTR
summer, and it is not as strong during this season over (-1.4_C/100 years) is comparable to the increase of
the PRC. In the United States the decrease is weak the mean temperature (1.3°C/100 years).
during spring but quite strong during autumn• Alaska For all areas combined (Fig. 3), a noticeable differ-
has strong decreases throughout theyear, butCanada ential rate of warming of the minimum relative to, the
has only moderate decreases during summer and maximum temperature began in the 1960s. The mini-
autumn. Over the former USSR the decrease in the mum temperature has continued to warm relative to

DTR is significant throughout the year but somewhat the maximum through the 1980s. The time series ends
weaker during the winter. Over Sudan. the rate of the in 1989, the year after the major North American
DTR decrease is strong in all seasons except during drought, as data from the former USSR were not
the summer rainy season, where rains have been very available past 1989. The variance of the t_mesenes is
sparse over the past few decades. Over South Africa, significantly impacted when such large regions drop
the DTR strongly decreases in the Southern Hemi- out of the aqalysis, which is why the ser_es ends
sphere spring, but actually increases slightly during prematurely The end of the time senes is significantly
autumn. In the eastern half of Australia the decrease impacted by the malor drought in North America
of the DTR is apparent throughout the year but weak- during 1988, which leads to an enhanced DTR. None-
est during the Southern Hemisphere summer, theless, Fig. 3 reflects a grao ._aldecrease of the DTR

When collectwely considered, 60°0 of the trends _n through much of the past several decades.
Table 1 reflect statistically s _]nificant decreases of the
DTR. A test for a change .,o_nt in the trend (Solow b. L_ _ger-term variations
1987) indicates that for most seasons and areas there L ,fortunately, the coverage of the globe with maxi-
is insufficient ewdence to suggest a statistically signifi- mut_t and m_nimum temperature data is currently
cant change point in the rate of the decrease, limited prior to 1951. In the United States, a network of

The trends can be area weighted to reflect the approximately 500high-quality stations has remained
overall rate of DTR decrease. Table 2 shows the intact back to the turn of the century, and in the former
decrease both north and south of the equator, but USSR a fixed network of 224 (165 stations if only rural
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during the dry 193Us and early
MAX AN NUAL 1950s in the United States. The

....... -'_r" -,--'- . _. ,o;.,. general decrease of the DTR
.....__.-,,-,..,• ..-- _ . . ..... :-, _,>. o . . did not begin in the United

• _,,, _'- ° .. --" " • " o.. States untilthe late 1950s, and

,4,t_,_,,:_ ,. !-.._.i:i b _ o , ' : ,: "/- the DTR decreased rather dra-

O , ,.-.,. -_ _. .o.,.oe, • matically in the mid- to late' ' 1970s over the former USSR

]'emDe'O, tur e r _er,_J ' _" ' , as part of substantial increases
'C !00_,r _, ,. ."
o • -* _ "...'_., in the m_nimum temperature.

2 ,.:. • -:' ,Q,_. ' .._,.o.,. The decrease of lhe DTR in
_ * -' "_o'° , these two countries is a phe-

. nomenon of recent decades.
. .. Data are also available farther

...... ..... ' : .- ,_ back in time for smaller areas
and countries, notably Japan,

MIN ANNUAL eastern Australia, and South

._ __ ..._;.:z,.--- ---.,_-__-"_ '_ "-"'," ..,,,. .... Africa. Figure 5 indicates that
, , , o ,-, .) ,", ,-_, C' :',_, the decrease in the DTR in: -. , ,.,,, -- . .,,.._ . _.,. c.. -_ -_.... m "1 eastern Australia occurs rather

_"4'__t o-___ O,"_, gradually since the steep de-,. . ' o c, cline in the late 1940s. InSouth
O ' _" " : "', _ ""-'°

.... _" -- , Africa the decrease is predomi-

'" ' _ ' ,_- ' ' .. ,, nately due to the sharp decline"TemDer_r e _r,en _ _ ,,

.' c _o:,,, _ _ - • " in the early 1950s.

2, co eo -_,2 , r:__-:_ ' d_._,_ A very long record of maxi-
, C,, ,- mum and minimum tempera-

_ • tures was available from the
..... .._ . ... Klementinum-Observatory in

..... " ' ' ..... Prague, Czech Republic, as
well as a benchmark station

RANGE ANNUAL from northern Finland. Figure

....z_._.::[_;,_g-r.-.-_-'_f. .,.,,.. - _. .:>,,. 6 portrays a remarkable in-.._,-: . _,: _..:.;_...4,...---,_ ...... _¢.. __"o. _"-.' '" -. crease of the DTR at the

"ti7"._di_* ._-,.- -"_ "'_!" ".'- " '".e " ° o • _ '.:_._,.....o _., _ t Klementinum-Observatory
,_: . .. _ • -. • •._ _. from the early tothe mid-twen-

,. . :., ,,°_ _ tiethcentury, witha substantial
decrease since about 1950.

: .............._ ..... : , _. _ The increase coincides with the

" ': :'" _ " ...e increase of mean temperature:- O • ' :',

' "" • : . t -* t_ since the turn u, the century,
• • " and the decrease occurs when

,_.. the mean temperature reflects
.- - little overall change. In the first

.... " " -- ,- half of the nineteenth century,
the DTR averages about 0 5:_C

F_ 2 Spabalpattemsofannuallrendsofmeanmax_mum minimum andd_umallen_perature lower compared with the tatler
range (mostly 1951-90) _n degrees E':e_s,Js per one hundred years D_amete_ of c_rcles _s part of the century. The DTR at
proporbonai to the trend and sohd (open) orcles represent negabve (posture) trends C_rcles Sodankyla Finland, also dis-
pertain t:_ regions wdhin each country, e.,(cepl for _sland slabons, e g _n the South Pacific and plays a gradual decrease since
Hawa_ 1950, but contrary to the
:::::::_ :::::::::-:::::::::::-:::- ::-:: :: : .....: :: ::::: Klementinum-Observatory, the

stations are used) stations is available back to the decrease is ewdent backtothe turn of the century. The
1930s Time series from these countries reflect signifi- mean temperature at Sodanky',a reflects little or no

cant (Fig. 4) decadal variations in the DTR, as evident change. The high-frequency variability of the DTR at
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TABLE1. Trendsof temperature(C/100 yr)forannual and three-monthmeanmax,mum(MAX).minimum(MIN).and diurnal temperature
range (DTR)based on a weightedaverageof the regions (by country) _nFig 1 Addihonally. trends s_gmficantat the 001 level (twoqailed
t test)aredouble underhnedandthose sigmficantat the 005 levelaresingle underlined.Trendsw_ths_gmflcantchange points aredenoted
with an astensk The number of stations used to calculate the trends Onparentheses) and the time period relahve to the trends _sgiven
for eachcountry. PRC is the People's Republic of China. USA the conhguous United States of America, E Australia the eastern half
of Australia, USSR the former Union of Sowet Socialist Republics, and S. Africa the Republicof South Afnca

ALASKA(39) 1951-1990 USSR (FORMER) (165) 1951-1990

Seasons MAX MIN DTR Seasons ! MAX MIN DTR
D-J-F 6.0 8__8 -2.._88 D-J-F I 2.8 4.2 -I .__3
M-A-M 3.1 6.__33 -3__2 M-A-M 2.5 3._.88 -1 .__2

J-J-A 0.9 2.4' -1 .__55 J--J-A -0.4" 0.9" -1 .._33

S-O-N -1 4 0.4 -1:9" S-O-N 0.6 22 -1 .__66
ANNUAL 2.1 4.5 -2.4 ANNUAL 1 4 28 -1.4

-- ._ _ -_ -_

CANADA (227) 1952-1990 JAPAN (66) 1951-1990

Seasons MAX M;r, DTR Seasons MAX MIN DTR

D-J-F _.8 2,_ -0,2 D-J-F -0.S -02 --0.2

M--A-M _3._7 3,___8 -0 1 M-A-M -0.4 -07 0.3
J-J-A 0.5 14 -9__9 J-J-A 0.5 0.0 0.4
S-O-N -22 I -I-'2 -10 S-O-N -0.3 -0.5 02

t

ANNUAL 0.9 i 15 -06 ° ANNUAL -0.2" -04 02
.

USA (494) 1951-1990 PRC(44) 1951-1988

Seasons MAX MIN DTR Seasons MAX MIN DTR

D-J-F -2.3 -0.7 _, -I_5 D-j-F os 3_=_s _3 0

M-A-.M 2 3 2.5 --02 M-A--M -08 14 -22

J-J-A -0 3" I 0' -t 4 J-J-A -1.8 -0 8" -I,0

S-O-N -1 7 1.3 -30 S-O-N -0.6 1b -1 6

ANNUAL --0.6" 1 0 -1 5 ANNUAL -07' 13 -20"

SUDAN (15) 1951-1987 S. AFRICA (12) 1951-1991

Seasons MAX MIN DTR Seasons MAX MIN DTR
D-J-F -1.2 2 7 -3 9" D--J-F 0.8 20 -1 2

M-A-M 04 33 -28 M-A-M 22 I 7 05

J-J-A 2 8 2 1 07 J-J--A 1.3 1 3 00

S-O-N 1 4 2.5 -1 1 S-O-N -07 1 8 -2 4

ANNUAL 0 9 2 7 -1 7 ANNUAL 0 9 1 7' -0 8'

E. AUSTRALIA (44) 1951-1991

Seasons MAX i MIN DTR
If the data from the Klementinurn-Observatory truly

D-J.-F 1 8 : 2 3 --0 4
..... -:: reflect the regional change of the DTR _n central

M-A-M !.6 i 28 -I _ Europe, then the recent decrease of the DTR in this
J-J-A 0 8 i 1 4 -0 5 area as less persistent and less substantial than the

S-O-N 13 i 2:2 -0 9 increase prior to 1950. In light of the variations at the
ANNUAL _1_4 i 2 2 -437 Klementinum-Observatory. what makes the results

from Fig. 2 so remarkable is the fact that so many
areas share an overall decrease of the DfR.

both stations is less than thai of their respective mean Recently, other investigators have also compiled

temperatures, but the converse is true for Iow-fre- information or, fhe change of the DTR over other
quency variations, regions of the globe. Frich, 1992) provides evidence to
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.................... c Relation to variations of the seasonal and
T._L_ 2 Trends ol temperature ('C/100 yr) for annual and three- annual extremes

month mean maximum (MAX). mln=mum (MIN), and diurnal tem- For a variety of practical considerations it _simpor-perature range (DTR) for the areasdenoted pnF_g1 (lessPakistan.
northern Finland, and Denmark) Percentof the landarea covered rant to know whether the decrease in the mean DTR
for the NorthernandSouthern HemLsphereandthe globe_sdenoted translates to a decrease in the extreme temperature
withIn parenthesis range. Karl et al. (1991) provide evidence to suggest
............................................................................................... that indeed, over the United States and the former

USSR (the only areas for which they had access toN. Hemisphere (5(P/o)1951-1990
daily data), there was often a significant and substan-

Seasons MAX MIN DTR tial decrease in the seasonal and annual temperature
D-,## 1 3 2 9 -1.5 extremes similar to the decrease in the seasonal and

M-A-M 2.O 3 2 -13 annual mean DTR. This similarity is also reflected in

-0.3 i 0.8 --1.1 the time series of monthly extreme maximum and-04 13 -t 7
ANNUAL 05 2.0 -14 minimum temperature over Sudan (Jones 1992).

S. Hemisphere (10%) 1951-1990 d. Data quality
A critical question arises related to the reliability of

Seasons MAX MIN DTR the data used to calculate the changes of the DTR. TheD--d-.F 1 6 2.2 -06

M--A-M , 1L7 2.5 --O8 ' data presented and discussed here have been sub-
J-,j.--A ! 1 0 t 3 -04 jected to various degrees of quality assurance. The

S-O-N I 0 8 2 I -13 degree to which precautionary measures have been
ANNUAL I 13 2 0 -08 taken to minimize data inhomogene_t_es varies con-

GLOBE (3"P/o)1951-19_0 siderably from country to country. In the United States,

Seasons MAX MIN DTR
D-J--F 1 3 29 -16
M--A-M 1 9 3 1 -12
J-J.-A -0.2 0.8 -11

-.0.3 1 4 -1 7 _- , " , ".

ANNUAL 0 7 2 1 --1.4

indicate there has been a general decrease over
Meln Dilly Mlxlmum

Denmark since about 1950, based on an analysis of G :,: _ ', ....... .... ' "_
t

several long-term stations, most located in rural areas. _._._.j

BLJcher and Desserts (1991) analyzed a long record of _maximum and minimum temperatures from the P_c du _, oc

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 inhomogene_ty in the record prevented

a continuation of the analysis beyond 1970. Kruss et
al. (1992) reported on changes of maximum and ,_,,,,o.,,,M......
minimum temperature between the two 30-yr periods - ' ...........

1931-60 and 1961-90 over Pakistan Despste con.¢;=d-

erable missing data, they _nanage,J to obtain at least
20 years of data from each of the two penods for 35 ....
stations across Pakistan Their analys=s revealed a OhJi'nal Ter'np_rslut<_ R4nge

mix of decreasrng and increasing changes of DTR. In ..........
our analysis of Pakistani data .'Je could manage to _....

identify only five stations with a._equate data to ana- F_:, 3 T_mesenesofthelemperaturearromahesoftheannJal

lyze year-to-year changes; these were all located in mean maximum, m_nm'_umand d,urnatI(:_mper,:lture ra_ge for37_':,
the northern half of the country These stations also ol lhe global tandmass (areas shacied _n Fig 1) Smo '" curve _s a

depicted a decrease of the D-IR. nine-point blr, ,:_,Idler 'w_lh "pa:J Jed ends
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USSR _ USA
Mlxlrnurn Ternperalurl Ma]llr,nurn TlmperahJre

Arlnull {Jan • Dec) Annual I Jan * De{•

YIIrl Year1

G _ 6

USSR ' uSA

Minimum Tlrnptrl|Utl M_n_rnum Tat_npara|urs

Annuil (Jan - Dtc) Annual LJ41n-DIc$

Years vllr'm

, •

,3 ,3 i , . T .

USSR USA

Tc_,_,_(aturv R_'_la Te_nplFaturll Range
kr_nuslIJan _ Oec_ Amlual (Jan _c)

Ylstl Years

Fp(, 4 T_me ser_es of the ,,,anattons of the annual me,:]n maxm_um, m_nlmLirrl, and d_urnal temperature range lot the conbguous Un_led

Stales and the former USSR Smooth cu,_'e _s the same as F_g 3andtrendss_nce 1951 aredepnctedbylhedashedhne

a fixed network of stations _nthe HIslorJcalClimatology In the f. ',;_,:,: USSR the fixed network of 165 sta-

Network (HCN) is used (Karl et al. 1990). which largely tlons cons,sis of rural stations (1990 populations less
consists of rural stations that have been adlusted than 10 000 and local surroundings free of urb;v"

when necessary for random station relocations, development). The former USSR data have not been

changes in instrument he_ghls, systematic changes _n adjusted for any random or systematic inhomo-
observing times (Karl et al. 1986a: Karl et al. 1986b). geneities. Station h_slories, however, indicate there
the systematic change in _nstruments during the m_d- have not been s;'stematic changes in network opera-

and late 1980s (Quayle et at. 1991), and _ncreases in t_on over the co.; ::e of the past 50 years.
urbanization (Karl et al. 1988). The potenhal warm In C.mada tht: results reported here are denved
bias of the maximum introduced by the HO83 senes of from ;_.set of 227 rural stations (population less than

thermometers (Gall et al. 1992) is not a factor mnthis 10 00,L:, These data were selected from a network of
network s_nce the HO83 _nstrument is not used In the 373 principal stations, but a large number of urban

rural cooperative network that dominates the HCN (19 areas and stations, which relocated to airports, were
out of 20 stations), ehrninated from the analys,s.
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, :_ .... o 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 7

' ' ' , ,,,' , Fewer than half of the 154 stations available from
00 * a, t _ '_ "'. O0

...- , ,. Japan were used in this analysis. Similar to the PRC,
many stations were eliminated because of their prox--o,_.'_ ...................................... o

_992 1910 _9]_0 !_50 'g'0 '990 imity to major urban areas. An inspection of the station
1_"........ 10

t _ i histories reveals a number of network"improvements"
, _ i related to the automation of the temperature measure-

5 ,'" ' 1 o5 ments in recent years. A full assessment of the homo-
"- ,,_ , . ,.,_ geneity of the data awaits a detailed analysis. The

I _ .... , ij _t._:.,L,_j,_,:_ . 0c station networks from Sudan and South Africa include• °c

[ 1' _1" ,.: some stations from urban areas, but countrywide
.0_ decreases of the DTR are not overwhelmed by these

i Ob
- ! f _ stations. Incomplete information was available re-

iL,Ull"lt.m_e,u_t'v_z,.._
....................................... o garding systematic changes ininstrumentation at these

! B:_?. ' 9 !2, ' _,._0 _5." _9 '0 *9_0

locations during the past several decades, but the data' ,L t 0

were inspected and adjusted when necessary for
station relocations based on temperature differences

, with neighboring stations. In total, four stations in
" I; '..,.. ,. ,t".. South Africa were adjusted using the procedures

outlined by Jones et al. (1986a).

_ot, .=5
I

3. Diurnal temperature range
.-..,o_.,,,,=.................................o dep cie

v,la,l

a. Local effects
F_G5 T_mesenesof thevanabonsofthed_urnaltemperature AS more data become available from a variety of

rangeforJapan.easternAustralia.andSouthAfricaSmoothcurve
sameas F_g 3. countries _tbecomes difficult to dismiss the general

decrease of the DTR over the past several decades as
an artifact due to data inhomogeneities. Observing

In Alaska, a network of 39 stations was used that networks are managed differently in each country. If
included most stahons operating in mat state since the local effects are significantly influencing the DTR, then
early 1950s with the exceptions of stations in the major at least three possibilities need to be explored. These
cities of Juneau, Fairbanks, and Anchorage. Once include changes in urbanization, irrigation, and deser-
again no attempt was made to adiust for station tification. Evidence to support or refute the impact of
relocations, and the stahons _.. :._of a mix of instru- these human-induced local and regional effects are

merit types with some changes at specific sites, discussed in subsequent subsections.
Station histories from the PRC do not reflect any

changes in instrumentation, instrument heights, in- 1) UnBAN HEAT ISLAND
strument shelters, or observing procedures relative to It is well known that the urban heat island often
the maximum and minimum temperature. Our analy- tends to manifest itself strongest dunng the nbghttime
sis is based on a subs,_,tof more than 150 stations hours (Landsberg.1981). In midlatitude North Amer_-
available to us. No atte'"_t ,,,,'asrnade to correct for can cities ti_eurban-ruraltemperature difference usu-
random station relocat,, s _nthe fixed network of 44 ally peaks shortly after sunset, then slowly decreases
stations we finally selec:ed from the larger network until shortly after sunrise, when it rapidly decreases,
Thepotentialimpactofurbanizationp_ecludedtheuse and for some cities actually vanishes by midday. In
of many _tations. We eliminated all stations that were many cities, increases in urbanizabon WOLItddffferen-
in or near cities with populations of more than 160 000. tinily warm the minimum relabve to the maximum

All stations in Austraha are currently undergoing temper:._ture.

thorough homogeneity testing (Torok 1992, personal A number of precautions have been taken to m_n_-
communication) but were unavailable for this analysis, mize the effect of increased urbanization in the climate
Instead, stations were selected based on the length of records used in this analysis. In the contiguous United
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gg

States, the corrections for urban development recom- than 160 000, and those with populations between r
mended by Karl et al. (1988) have been applied to the these two thresholds.
data, so any residual heat island effect in this analysis Categories in Japan were based on 500 000 and
should not be an issue. In Canada, only stations with 50 000 threshold values. The PRC had 23, 42, and 44
population less than 10 000 were used in the analysis, stat+ons, while Japan had 17, 71 and 66 stations, in
and the average population of the cities in the proxim- each of the three population categories proceeding
ity of the observing stations was slightly more than from high to low, respectively. Figure 7 shows that the
1000 If the Canadian stations behave similarly to decrease,.,_",he DTR actually becomes stronger inthe
stations in the United States, the decrease of the DTR PRC for the lowest population category compared with E
may be exaggerated by about 0.1°C due to urbaniza- the moderate population category, while the trend of
tion. Similar values may also apply to Alaska. In the the average temperature continues to decrease. This
former USSR, the population limit for inclusion of any suggests that urbanization effects in the PRC are
station into the network was 10000, but in addition, no dissimilar to those in the United States, as differential
station could be within 1 km of any multistory urban effects of the maximum and minimum temperature
development. If the impact of the effect of urbanization trends seem unaffected by urbanization in cities of 500
on the DTR in the former USSR is anything similar to 000 or less. In Japan, however, the impact of urbaniza-
that in the United States, the residual urban heat island tion on the DTR is evident even in the lowest popula- .-
effect on the DTR should be at least an order of tion category (less than 50 000); this is even more
magnitude smaller than the observed decrease of the apparent for the average temperature. Based on these
DTR (nearly 1.5°C per 100 yr). In the PRC and Japan, analyses it would seem that urbanization effects in the
a number of tests were condu:ted to identify the PRC are unlikely to significantly impact the trends
impact of urbanization on t_e D; .- Three networks of reported in Tables 1 and 2.
stations were categorized based on population. For A previous paper by Jones et al. (1990) investi-
the PRC, the categories included stations in proximity gated the impact of increasing urbanization in the land
of cities with populations more than 1 000 000, less database used by the IPCC (1990, 1992) to calculate

.,,

F_G 6 T,me series of the varlat*ons of the anqual d,urnal temperc_ture range and the annual mean temperature from t',','___Iong.terrr"

stations Sodankyla, F_nland. which h_.,: been des,gnated as a chmate reference station, and the Pra.3ue Klementlnum-Observator_
Czechoslovakia Smooth curve same -. F_g 3
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changes cf global temperature. The conclusion from tween the change in the DTR and the increase of
the work of Jones et al. (1990) was that any residual irngated lands, and in fact many of the largest de-
urban bias in the land-based average temperature creases of the DTR were associated with areas with
records was about 0.05_C during the twenbeth cen- the smallest increases of irrigation. Despite the signifi-
tury. A comparison of the average temperature trends cant decreases of the DTR over the past several
derived from the stations used in Tables 1 and 2 with decades and the relatively large increases of irrigation
the stations used by Jones (1988) revealed differ- within the United States over the past 40 years com-
ences in trends from country to country, but virtually pared to other countries, it seems unlikely that in-
identical trends of temperature (within 0.02°C per 100 creases of ,f',.,-:,on can be regarded as a serious
yr) were found when all areas depicted in Fig. 1 were explanation for the widespread decreases of the DTR.
considered. This suggests that the degree of urban-
induced bias in these two datasets are of similar 3) DESERTtFICATION

magnitude over the past 40 years, despite the use of The converse of the theoretical effects of irrigation
substantially different station networks, would result from increased desertification, i. e., an

increase of the DTR. This might arise from poor land
2) IRRIGATION practices such as overgrazing or deforestation. Given
It can be argued that increases in irrigation may the mid- and high-latitude bias of the results reported

account for the decrease in the DTR. The evaporation here, it seems unlikely that desertification would have
associated with soil moisture would convert sensible a s_gnificant impact on the results reported in Tables 1
to latent heat and thus significantly reduce daytime and 2 Moreover, this effect would tend to make the
temperature. In order to test this hypothesis, the magnitude of the reported decreases too small, espe-
correlation coefficient (both Pearson product moment ciaUyduring the warm season, as desertification would
and the Spearman rank) was calculated using the increase the maximum and decrease the minimum.
values of the trends of the DTR and the change in land
area under irrigation from 1950 to 1987 (U.S. Depart- b. Climahc effects
ment of Commerce 1950, 1988) for each of the regions Since it seems unlikely that any of the human-
delineated in Fig. 2. No relationship was found be- 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 temperature were ana-i i i , ,,- ,,

lyzed to discern which climatic variables most strongly
TABLe3:Stationsandyearsusedto identifythesensflwttyofthe affect the DTR. More than 50 000 days of climatic

diurnal temperafure rangeIo variousclimahcvariables observations were selected from the stations listed in

.::.:::-. ---_. :.-: .......: .......: ._ •.....: Table 3 during periods of consistent measurement
Stations Years procedures for the variables defined in Table 4. The

rahonale for selection of variables to be studied was

SacramentoCA 1961-69 based on a prtort informabon. For example, increases

Tailan;lsseeFL !g62-70 of the DTR over land have previously been related to
snow cover ablahon as simulated by the U K Meteo-

Ind,anapohs. IN 1966--74 rolog_cal Office's General C_rculation Model (GCM)
Worcester.MA !9c.,1.-69 wdh doubled CO (Cao et al. 1992). Our analysis

Bfsmarck,ND 1973-81 included more than 4000 cases of snow cover It _swell
known that the ability of the surface boundary layer to

ScottsBluff.NE _971-79 absorb, radiate, transform, and m_x sensible heat
RenoNV 1961-69 d_fferenbally affects the maximum and rnw_m_urntem-i

Oklahoma C,t_ OK lq"5-8:_ perature The relahve humlddy and cloudiness are two
;mporlant climate vartables that _nfluence these, _:_r-

Pfltsburgh. PA i 1961..69 face-layer properlies. In this aralys_s cloud-_elated
ColumbLaSC 1971-;'_, mformabon was contained _r_two chmatic varDables:

the sky cover (in tenths) and an index of the cedingSanAntonioTX 197381
' height The ceihng height (CIG) was categonzed talc

SeattleqacomaWA 197179 seven categories The cloud ceiling is defined as
Spokane. WA '. 1966-75 height above ground of the lowest cloud layer thai

I

GreenBay. Wl 19,'t--79 covers 50°0 or more of the sky' The wind speed psan
effective measure of the degree of m_xmgwdhin the_ iiii i i i
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surface boundary layer as it af- P RC. Jo p c n
fects and interacts with the tre-

quency or intensity of inversions ,.,
and super-diabatic lapse rates. 4 4

Additionally, the DTR is affected _-o. M : o
by the seasonal and latitudinal o ho A .-. mlNan 0 o
changes of incoming solar ra- _ 0 " -I I|| "-m "'1 mmm m-,", --- -
diation as well as the magnitude _ _:. X __ _
of day-to-day temperature dif- -4 -4

ferences. The inclusion of TRAD  11, ,can also be regarded as a surro- _

gate for temperature especially _: I II  111 I
when used in conjunction with . nt "N, ,l n, '. "m i m,, m..o --..
the other variables listed inTable -_. N'-_ - 2 _-2 'J
4. Karl et al. (1986b) demon-
strate the impact of the inter- -4 _-4
diurnal temperature difference _ • 6

on the maximum and minir, .,m 'nIU :'
.... 2

temperature. These day-to- .L, A I,, Ira,, |_, In. '0 _day changes of temperature _: o h.. n.. l,_ v t.
are largely controlled by the ther- "- inn O ""_) -." '-2 _J
mal advection associated with

-4 -4

synoptic-scale cyclones and an-
ticyclones. 6 6

All of the variables in Table 4 4. 4
_ _' R owere used in a multiple regres- o

N u= _= I., m" -" 0 o

s,o,.,Va ,aO,es,,,,erel,,,"r,n,, I I ' I Iregressed against the square "" -: .... 2 C.
root of the DTR, as opposed to - 4 - ,_
the actual DTR, because the
DTR is bounded by zero. With- F,G 7 Temperature Irends using stations from various population categories (high, medium,

out the transformation, low--left to right) as defined in text AbbrewatJons; Wi--wmter, Sp--spring, Su--summer, Au--
autumn. MAX--maximum, MIN--m_nimum, AVG--average. and RNG--diurnal range

nonnormal residuals result in

multiple linear regression analy ............................................................................................................................
ses, making it more difficult to.
interpret the results. Figure8a indgcatesthat the partial the analysis), or that the relationships are not ad-
correlation coefficients of each variable to the DTR are equately expressed by a linear equation or both.

often significantly different from the simple linear cor- On a variable-by-vanable basis the signs of all the
relati,':,ncoefficients, making it difficult to speculate on partial correlations make qualitative physical sense. It
the effect of changes in any one variable without is _nteresting to note the higher partial correlation of
knowing (or assuming constancy) the changes in the ._TMP compared with the simple correlation coeffi-
other variables. Given the huge sample size, very low cient (Fig. 8a) as the correlation between TRAD and
correlations have high statistical significance (even ATMP mask the importance of ._TMP in influencing
considering the day-to-day persistence of the D'[R). DTR The decrease of the partial correlation relative to
On a local basis a generahzed multiple hnear regres- the simple correlation for the variables RH. CIG, and
sion model (one model f." al! stahonsand all days) SKY is to be expected because changes among each
based on the seven ch ,atic vanables _n Fig. 8a of these variables are related to each other. The
explains about 55°o (53% without the square-root decrease in the partial correlation of SNOW is part,cu-
transformation) of the dally vanance of the D_R. larly noteworthy, especially since Cao el al. (1992)
Although the explained vanance is substantial. ,: ,s attribute the ablation of snow cover Jntheir model to an
apparent that other factors may also need to be increase in the DTR. The empirical results in Fig. 8a
considered with respect to explaining the variations of suggest that SNOW is only weakly related to the DTR,
the DTR (e.g., better representations of the atmo- especially compared to other variables.
spheric stability, external forcing factors, more precise In order to investigate the Iinearity, or tack thereof,
techniques to calculate the mean quantities used in of the relationships implicit in Fig. 8a, the data were
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- - TRAD increases is related to the decrease
'TABLE 4 Definitionsandaobreviat_onsofthechmat_cvariablesusedtotestthe

in intensity of the day-to-day changes of
sensitivityofthediurnaltemperaturerange temperature during the warm season.
-_=-:-_=__.__-_---_z=-_=.__-c===========-==-_=======::: .:_-:::___::_:_:::::_;_::::-:_7:_--::::::::--::_: _: ..:--__::_-_:_- Rossby waves and extratropical cyclones
Variables Abbreviations have reduced amplitude, speed, and _n- E

tensity during the warm season.
Diurnaltemperaturerange(dailymax-dailymin) D'TR A change in sign of the partial correla-
Snowcover(binary.if snowdepth 2 54cm) SNOW tion coefficient of SNOW with the DTR

Meanrelativehumidity(0600LSTand1500LST) RH (Fig. 8b) suggests that the length of night --

Meanw_ndspeed(0600LSTand1500LST) WS relative to the TRAD is a significant factor

Meanskycover(0600LSTand1500LST) SKY when considering the impact of changes
in snow cover on the DTR. In the northern

Meanceiling(0600LSTand 1500LST) CIG
United States, around the winter solstice, E

Totaldailytopof theatmospheresolarradiation TRAD TRAD is relatively low. Snow on the ground
Day-to-day temperaturedifferences at this time of the year is important be- -
(ITMPo-TMP ,I + ITMP0-TMP ,I) ATMP cause of its excellent insulation (reduces

........... - -- heat flow from the soil) and high emissiv-
ity, whi.':h help lower the nighttime mini-

partitioned by TRAD. Figure 8b provides strong evi. mum. During the daytime the TRAD is already low, so
dence to suggest that the relationships change with the amount of solar radiation reflected by the snow
the amount of TRAD. In particular, the partial correla- cover is no longer as important. As a result, snow
tion coefficients of RH, WS, and SKY become stronger cover at this time of the year and these latitudes leads
as TRAD (and thus temperature) increases. This to an increase in the DTR. This is not the case as the
probably has more to do with a reduction of the season progresses or the latitude decreases, as re-
maximum temperature than an increase of the m_ni- flected by the negative partial correlations (lower
mum. During daylight hours high values of the RH, values of DTR with snow cover) associated with the
WS, and SKY are indicative of higher albedos, higher highest category of TRAD; there were still nearly 1000
potential evapotranspiration, higher atmospheric wa- cases of snow cover. The data suggest that snow
ter vapor absorption of incoming radiation, and larger cover ablation will not necessarily lead to an increase
than normal mechanical mixing. These factors act to of the DTR.
retard the maximum temperature that would otherwise From the aforementioned analysis, it is apparent
result from high intensity TRAD, which would be that there are many factors, often intricately related,
manifested as sensible heat within the surface bound- that affect the DTR. Many of the variations in these
ary layer. The nonlinearity of RH as TRAD increases variables are very much related to a greenhouse
is substantially greater than WS (Fig, 8b). As the effect, some of which may be anthropogenically in-
TRAD to the surface increases the temperature in. duced. Overall, the two variables related t_ changesin

creases, and a greater portion of the TRAD can be cloudiness, sky cover, and ceiling height explain the
used for evaporation compared with raising surface greatest portion of the variance of the DTR. Changes
temperature, as would be anticipated by the Clausius- in cloudiness should be one of the first considerations
Clapeyron equation when integrated to obtain satura- in searching for an explanation of the observed de-
tion vapor pressure as a function of temperature crease of the DTR (Fig, 2). Indeed, when large conti-

The reduction of the partial correlation of TRAD with nental scales are considered, the relationship be- _
the DTR after partitioning by TRAD (Fig. 8b) relates to tween cloud amount (or sky cover) and the DTR is
the balance between long nights and short days. quite _mpress_ve(Fig 9), Plantico et al. (1990) have
During the late autumn and early winter inthe northern already demonstrated that the decrease in the DTR
half of the United States (areas that i_clude the lowest over the United States is st,ongly linked to an ob-
partition of TRAD), a moderate increase in the TRAD served _ncrease_ndaytime and nighttime cloud cover

(by interseasonal and latitudinal variations) generally and a lowering of cloud ceihngs.
results in a higher DTR. Contra_,ly, in the warm half of Is there a general increase in cloud cover over
the year, TRAD anJ its associated daylight are more much ot the globe_ Empirical evidence by Henderson-
than ample so that the relation between TRAD and Sellers(1986, 1989, 1992) and Jones and Henderson-
DTR is near zero. In fact, a further partition of the Sellers (1992) suggests this may be the case over
TRAD into a very high category leads to negative Canada, the United States, Europe, the Indian sub-
partial correlations between TRAD and the DTR. continent, and Australia. Analyses of cloud cover

The reduction of the partial correlation of ATMP as changes over the PRC from a network of 58 stations
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acrossthe PRC are inconclusive, butthere is evidence vatory occurred with an increase in cloudiness. An

for _ decrease in the sunsh;qe (a 2% to 3% decrease analysis of changes in cloud cover over Japan, using
in sunshine from the 1950s to the 1980s). The quality many of the same stations selected for the analysis of
of the cloud data (and perhaps the sunshine data) is the maximum and minimum temperatures, indicates

questionable because the correlation between monthly cloud cover may have increased on an annual basis by
anomalies of sunshine and cloudiness at many sites is nearly 1% since 1951, but there is no apparent re-
not high, Analyses of changes in cloudiness over the sponse in the DTR. Changes in sunshine in Japan are
former USSR by Bailing (1992, personal communica- not altogether consistent with the increase in cloud
tion) reveal a general increase of cloud cover (3.5%) cover, but a new sunshine instrument was introduced
during the period 1965-86 with stratus and stratocu, into the network in 1986.

mulus clouds (low ceilings) incrr...as(ngin frequency by
about 2%. He also found considerable interannual and

interstation variability, so the quality of these data 4. Large-scale anthropogeni¢ effects
could also be called into question. Nonetheless, the
trend over the former USSR is consistent with a a. Greenhouse gases
decrease in the DTR. Frich (1992) and B0cher and Interest in the potential change of the DTR with
Dessens (1991) also found that decreases in the DTR increasing anthropogenic greenhouse gases has
in Denmark and at the Pic du Mid• de Bigorre Obser- prompted several modeling groups to publish informa-

tion from their models regarding the projected change
in the DTR from doubled CO2 experiments. Table 5
summarizes the results or these models. For the GCM

(a) , __,._ _s___ c,o.... _,;_ ._TMP__SKY....S_N£.W_ experiments, the magnitude of the decrease is small

6 _ • s,,_ _---n-- ............................................... relative to overall warming of the mean global tem-perature. Moreover, these experiments reflect a level
s -_il P,,_,,,}----n- .................................... of co 2increase well in excess of present-day values,
4 ...................................................................... so even smaller changes should be expected in the

3 -N--.---I.,--i----.-------------- observed temperature record.
2 ................... Cao et el. (1992) also conducted a number of, .................... ti-tlii 'm-fii__-i --.i_- i_ experiments with a one-dimensional radiative-con-o vective model (RCM), which showed that the de-

I ' _))i-_ili_ii.i- i i! !]!! "....... crease in the diurnal temperature range with doubled

I!_ CO_ in that model _s primarily due to a water vapor

32 _ .............. 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

s .... heat exchange and evaporation are also important
._ ..................... factors leading to a reduction in the DTR in RCM

simulations with enhanced COm,
(b) 4 _RH . ws C)G .]BAD ,',TMP....SK_' .SNOW Interestingly, the ratioofthe DTR decrease relative

:___--'*-E---7.... _........... to the increase of the mean temperature In the RCM

2 [• _ _._j- :_ ._; compared with the GCM is closer to the observed ratio- i,< _< .... _- .........
,, , ................. _ .... ._ .. :_. .... over the past several decades (Table 5), The RCME

_ _ _ _ omits the positive feedbacks to the DTR from reduc-
e.. O . \U "_ :: II <.'_

...... JU tions in cloud and surface albedo as contained in the
_ncrease the DTR because of reduced atmospheric

_ GCM simulations (Cao et el. 1992). This ter_ds to
,j 2 .... .... ........

3 (cloud cover) and surface (snow cover) albedo Other
._ .... GCM simulations have both _ncreases and decreases

in cloudiness with global warming: decreases in much
F_(_8 Relahonshlp between venous chmate variable_< and the of the troposphere, but increases in the high tropo-

d_urnal temperature range (a) Simple and partqal correlation coeffi- sphere, low stratosphere, and near the surface in high
cents (remowng the e'_ects of all other variables) between each latitudes (Schlesinger and Mitchell 1985). If the obser-
vanable (defined _nTable 4) and the d_urnai temperature range (b) vat•oriel evidence is correct regarding the tendency forParhat correlation coefficients of each vanable for cases partihoned

by the total daily solar radlatson at the top of the atmosphere 170 a general increase in cloud cover over the land (which

Wm ' (low); 271 Wm _(high), remmnder (moderate) now seems likely), then this could help explain the
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TABLE5. Summary of modehng results w_th respect to the relationship between doubled CO. concentrations and changes in the diurnal

temperature range (DTR) and the maximum and minimum temperatures Abbreviations are AT,: is the equilibrtum global temperature,i

change U'C) for doubled CO. concentrations.3,DTR is the equdibrium global change of the DTR ('C) tor doubled CO:, concentrations, CCC
is the Canadian Chmate Ce__tre. GISS _sthe Goddard Institute for Space Studies. and UKMO _sthe U K Meteorological Office.

.................................................................. IF ........................................................................

GCM Model Author Resolution I Ocean T,_ DTR,q
Horiz. Verl. ,

CCC Boer 1989 T32 10 Mixed layer 3.5 .0.28

GISS Rind et al. (1989) 8 x 10 _ 9 i Mixed layer 42 -07 (sum, USA)
l --0.1 (ann. USA)

UKMO IPCC (1990) 8'x 10° 11 } Mixed layer 5.2 --0.17
L i

UKMO Caoetal (1992) 5 x75 11 i Mixedlayer 6.3 I -0.26

lJ ii i i i i i i i H i i i ii i,ll i i,,i ii

Radiative Convective Model _Cao et al. 1992)

adequately project changes of the DTR with enhanced
Type Maximum T,,,_ Minimum T DTR concentrations of greenhouse gases.

Fixed absolute humidity X X -0.05 b. Tropospheric aerosols
Nosurtaceturbulence 2 5 29 -0 4 It has recently been shown that increases in sulfate

aerosols over and near industrial regions can signifi-
a No evaporation 2.3 29 -06 cantly impact the earth's surface heat balance

i Fullsurfaceexchan,je 15 22 -o7 (Charlson et al. i992). Charlson et al. (1991) and..... Charlson et al. (1992) provide evidence to indicate that
the anthropogenic increase of sulfate (and carbon-
aceous) aerosol is of sufficient magnitude to compete

large discrepancy between the observed data and the regionally with present-day anthropogenic greenhouse
model projections of the ratios of the decrease in the forcings. This forcing is confined primarily to the North-
DTR range relative to the mean temperature increase, ern Hemisphere and is a combination of direct aerosol
This assumes, of course, that the recent warming is forcing (especially over the land) and indirect aerosol
induced by increases in anthropogenic greenhouse forcing leading to increases in cloud albedo (espe-
gases. On the other hand, this raises questions re- cially over the marine environment). At present,
garding the cause of the apparent change in cloudi- Charlson et al. (1992) conclude that it is too uncertain
ness and how it has impacted !l_emean temperature, to estimate the effects of sulfate aerosols on the

The ability of present day GCMs to adequately lifetime of clouds (smaller droplet sizes leading to a
simulate proiected changes in the DTR with enhanced decrease in the fallout rate) which presumably could

CO; is also affected by surface parameterizations of lead to an increase in cloud cover. Charlson et al.
continental-scale evaporation As M_lly (1992) points (1991) provide the geographic pattern where direct
out, present-day GCMs can overestimate the surface aerosol forcing should be greatest. It is difficult to
evaporation because of the failureto properly account identify a direct relation between the pattern and
for the coohng that occurs with the evaporation. Milly magnitude of the decrease in the DTR (Fig. 2) and the
(1992) raises concerns about the veracity of the ,e- anthropogen_cradiativeforc,-_gcalc_JlatedbyCharlson
suits from studies of soil r_o_sture changes induced L_y et al. (1991). Moreover. Karl el al. (1986a) and Karl et
an increase of greenho,.;'__,egases. Accurate prolec- al. (1986b) pr¢.vide evidence tc_suggest that there is
tions of the change in the surlace boundary-layer DTR little change of the maximum relative to the minimum
with increases of anthropogenic greenhouse gases temperature in the United States for cloudless skies
will be strongly depender_t on adequate simulation of even when the daily data are stratified by dewpoint and
these processes, wind direction

Given the dependency of the DTR on surface-layer Recently, Punner et al i1992) have argued that
processes, interactions with the land surface, and atmospheric aerosols from biomass burning also act
cloudiness, _.11areas of significant uncertainties within to increase the planetary albedo both directly 1:yclear-
present-day GCMs, it may not yet be possible to sky planetaryalbedoincreasesandindirectlythrough
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increases in cloud albedo. Since biomass burning is sols as an influence on the DTR in these areas. There
most extensive in subtropical and tropical areas, this are reasons why such a conclusion may be premature.
effect may be directly relevant only to a small portion First, the climate forcing due to tropospheric aerosol
of the data analyzed here. loading is influenced both oy the emisston rate and the

Two tropospheric aerosol forcing agents (aerosols residence times of sulfate aerosol in the atmosphere.
from sulfur emissions and biomass burning) have In the United States, at least, the effective heights, or
been identified that tend to increase the clear-sky stack heights, of the sulfur emissions have increased
albedo. Neither forcing is believed to have dominant as a consequence of the US. Clean Air Act. This may

infrared forcing. The question arises whether either of have had an effect on the lifetime of the SO2 and
these forcings has acted to reduce the maximum sulfate aerosols
temperature and thereby the DTR. In the United
States and northern (and perhaps eastern) Europe,
however, where we detected a significant decrease in 5. Conclusions
the DTR, there has actually been a net decrease in
sulfur emissions over the past several decades that Strong evidence exists for a widespread decrease
would qualitatively appear to eliminate sulfate aero- in the DTR over the past several decades in many
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regions of the globe. There are many possible climatic Charlson, R J, J Langner. H Rodhe, C B. Leovy, and S. G
factors that affect the DTR, but indications are that Warren. 1991 Perturbationof the Northern Hemisphere radia-

cloud cover, including low clouds, has increased in tlve balance by backscattenngfrom anthropogenicsulfate aero-sols Tellus,43AB, 152-163
many areas that have a decrease in the DTR. The --, s. E. Schwartz, J M. Hales. R D Cess, J. A Coakley, Jr., J
increases in cloud cover could be indirectly re!ated to F Hansen, and P. J. Hoffmann, 1992 Climate forcing by

the observed global warming and increases of green- anthropogenic aerosols. Science, 255, 423-430.
house gases, related to the indirect effects of in- Fnch. P., 1992: Cloudiness and diurnal temperature range Fifth

International Statistical Chmalo(og_,Meeting, Environment
creases in aerosols, simply a manifestation of natural Canada, Toronto, 91-94.
climate variability, or a combination of all three. Gall, R., K Young, R Schotland,and J. Schmitz, 1992:The recent

A robust answer regarding the cause(s) of the max|mum lemperatureanomalies inTuscon: Are they realor an
decrease in the DTR will require efforts in several instrumental problem? J. Chmate,5, 657-665

areas. First, an organized global effort is required to Henderson-Sellers, A, 1986:Cloud changes in a warmer Europe.

develop relevant and homogeneous time series of C/im Change,8, 25-52._, 1989: North Amencan total cloud amount variations th_s
maximum and minimum temperature along with infor- century. Glob. and Planet. Change,1, 175-194.
marion on changes of climatic variables that influence -- 1992: Continental cloudiness changes this century Geo
the DTR such as cloudiness, stability, humidity, ther- Journal, 27.3,255-262.
real advection, and snow cover. Second, improve- Intergovernmental Panel on Climate Change (IPCC), 1990: Scien.

tff,cAssessment of ChmateChange: World Meteorological or-
ments in the boundary-layer physics and treatment of gan_zation/UnitedNationsEnvironmentalProgramme. Geneva,
clouds within existing GCMs are critically important. Swflzerland, CambridgeUniversity Press, 366 pp _ncl appen-
Third, the treatment of both anthropogenic tropo- d_×es

spheric aerosols and greenhouse gases must be _,1992 ClimateChange1992:ThesupplementaryReporttothe
realistically incorporated into GCMs with a diurnal iPCC Sc,enl_flcAssessment World Meteorological Organtza-

cycle. Fourth, measurements need to be made to help t_on/UnltedNations EnwronmentalProgramme, Geneva, Swlt-zerland, Cambndge Un_versflyPress, 200 pp including appen-
clarify the role of aerosols. Finally, imaginative climate a,xes
change detection studies that link the observed cli- Jones, P A. and A Henderson-Sellers, 1992:Histoncal recordsof
mate variations to model projections will be required to cloudiness and sunshine _nAustraha.J Climate, 5, 260-267.

convincingly support any relation between anthropo- Jones, P D, 1988 Hemisphericsurfacealrtemperature variations:

genic-induced changes and the DTR. Recent trends and an update to 1987.J Chmate,1,654-660._. 1992: Maxsmumand minimumtemperature trends over Su-
It will be difficult to satisfactorily explain the ob- dan International Temperature Workshop, D E Parker. Ec/

served changes of the mean temperature until an Hadley Research Centre.

adequate explanation for the observed decrease in ----. s c. B Raper, R. S Bradley,H. F Diaz, P, M Kelly,and T
the DTR can be determined. Moreover, tl-e practical M L Wigley. 1986a:NorthernHemisphere surface air tempera-
implications of projected temperature changes and lure vanatbons.1851-1984 J ClimateAppl Meteor, 25, 161-179
whether they are likely to continue will be even more . , . and _, 1986b Southern Hemisphere
difficult to assess, surface air temperature vanat_ons,1851-1984 J Chmate

Appl Meteor, 25, 1213-1230
---. P Ya Gro{sman.M Coughlan.N Plummer. W -C Wang.and

T R Karl 1990 Assessmentof urbanization effects _ntime
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GLOBAL WARMING:
EVIDENCE FOR ASYMMETRIC D_AL TEMPERATUP_ CHANGE

Thomas R. Karlz, George Kakla_, VyacheslJv N. Razuvavev3, Michael J. L-"hange4ryI
Robert G. Ouayle t, Richard R. Heim, Jr.l, David R. E_ter_g l, Cong Bin Fu

Analysesof theyear-monthmeanmaximum greenhousefrees): have been of lirmted spatial domain
andmmunum surfacethermomemcrecordhavenow been [Karletal.,1984;Planticoelat.,1990].A lackof
updatedandexpandedtocoverthreelargecounmesm the computer-con,patibledailymaximum(mosUydaytime)and
NorthernHenusphere(thecontiguousUmted States,the mimmum (mostlynighttime)temperaturespreventedthe
Soy/ca Union, and the People's Republic of China). They _CC _rommakingacomprehensive _sessment of changes
ind/catethatmostofthewarmingwhichhasoccurredin ofdiurnalandextremetemperaturesassociatedwi_ _he
thesere_onsoverthepastfourdecades_ beattributedobservedglobalwanning[IPCC.,1990].
totn increaseofmean minimum (mostlynighttime) Overthepastfewyears,climatologisuintheUSSR and
temperatures.Mean maximum (mostlydaytime) thePRChaveworkedwithUSAscientisutobuflddataset.s
temperaru.r_dispL1ylittleorno_ IntheUSA and whichcontainyear-monthmean maximum and mmm_um
the USSR (no accessto data in China) similar temperaturesforalargenumberofstation._.Thesedataa.rt
_aracterist_csarealsoreflectedinthechangesofextreme importantfora betterunderstandingof how global
season_temperature,s,e.g.,increaseofextrememimmum warmingmay be relatedtoincreasedconcentratio_of
temperaturesandlittleornochangeinextrememaximum anthropogenicgreen.housegas em/ssiom. They also
temperature.s.The continuationofincreasingminimum providethebmisforunde_tandinghow climatechange
tcmperuture.sand lirdeoverallchangeofthemaximum may impactour socio-economicand biogeophysical
leadstoadecreaseofthemean (andextreme)temperature systems.
range,animportantmess'u,reofclimatev_'iabili_. Dam

The cause(s) of the asymmetric diurnal changes are

uncertain, but there is some evidence to suggest that Year-month mean maximum and minimum
changes in cloud cover plays a direct role (where increases tempentures were derived from 500 (of the 1200) high
incloudinessresultinreduced.maximum and higher qualityUS HistoricalClimateNetwork('HCN)station'UJ
minimum temperature.s).Regardlessoftheexactcause(s),theUSA ['KArleta.L,1990];190ruralsynopticandstat,'m
theseresultsimplythateither:.(I) climatemodel pnstsintheUSSR; and57stndonsinthePRC-,(cxcludmt
proje_onsconsideringtheexpectedchangeinthediurnal the southwestportion).Stationswere reasonably
|empe."amrerangewithincre_edlevelsofthegreenhouse well-.di.s_butedacrossthecountriesw'iththeexceptionof
gasesareunderestimating(overestunating)theriseofthe southwesternChinaandthewesternone-thirdoftheUSh.

dailymimmum (maximum) relativetothe maximum The.southwesternportionofthcPRCwasomirtedtromthe
(minimum),or(2)theobservedwarminginaconsiderableanalysisand Lrea-weigbtingwas used tomimm;ze abe
portionof the NorthernHemisphere landmassis ef:fectsofspatialinhomogeneityintheUSA (Figure1)and
significantlyaf:fe_edbyfavorsunrelatedtoanenhanced elsewhere.Thesecounmcsrepresentabout40% ofthe
anthropogenically-induced greenhouse effect. Northern Hemisphere land ma._s,and over Z5% of the

global land area. In addition to the yc_-month mean
Inn'oduct/on _um and minimum temperatures,thehighestand

lowestobservedtemperatures(extremes)w_ttuneach
Irisnow welle.stablisbedthattheglobalaveragesurface monthwere aJsocompiledformany stauonswithinthe

temperaturehas risenbet'ween0.3and 0.6°Csin_ the USA andtheUSSR (TableI).
tarterhag ofthenineteenthc_ntury['Intergovernmenta.lAn importantaspectofanysurface-basedlandanalysis
P:nel on Climale Ch,_ge-IPCC 1990]. The analysis of of temperature change retates to the potentiaJ i.r'npac_of
ditn-na__eristics of the warming however (and their growing urban heat islands. In this analysts the data used
possible relation.ship to increased concentrations of for the USA (excluding the extremes) have been adjttsted

for urbanbeat islandbiases using theproceduresdescribed
byKarletat.[1988].The stationnetworkwe useinthe

NOA.A/NESDISfN_:ional Clirr_c Da_ Cent_, Global USSRi_arumlnetwork (no station in ac_tyw_th popuiauon

I'ab°r'4m_ o " of 10,000 or more). The PRC networl COnsLSUOfseveralLamonVq)oberty logic_IObse_'atoryofColumbi=
University stations in and near large _ties, but many of the s:at_o:_
All-Umon Rc:sean:h In_t_rvtc of Rydrometccrvlogical were .'_1¢oused by Jones et al. [1986] _ described in Jones
Inform_on et al. [1985]. In previous work [Jones et aL.,1990;Wang et

' In._tutc of Geogr_hy, Beijing University aL, 1990]. we have compared the data tn the PRC used by
Jo_eset aL [1986] _nthe e_te."n half of the PRC(_e re,on

Copyright 1991by the American Geophy_cal Umon. which contair,s the mos_ urbaruzed stauo_) to various

number 91_.900 networks comprised of only rural or uroan stat_o_. These
0094-853.4/91/91GL-029LYI$03.00 analyses indicate that urban beat _sland btases derived h'om
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People's Republic of Chiaa U_ioa of Soviet. U'dted Stat©a of America

Fig. I. Station distribution (dots) and climate divisions used to calculate national and regional area.averages.

long-termstadonaLn this ponion of the globe are relatively Regional averages of temperature were calculated
mmU(=O'l°C'O°verthetimeperiodweaddre.uiathePRC, within various areas of each country (Figure I) by

It _ou]d also be noted that detailed station h_tori_ arithmetic _erag_ of each station's year-month mean
have been compiled for each of the stations we u._. There temperature Imomaly end the year-month l-day extreme
is no cviden_ to suuest that either observational pr1_cez temperature anomaly. Aaomali_ were calculated from
or instruments may have introduced systematic 1951-80 mean monthly maximum and minimum
iahomogeneidesinthedatawe analyze, temperatures..Each re,on wa_ area-wHghtedtoform

aatioa_average._

Procedures R_ulU

The timePeriodsselectedforanalystswerechosenso Foreachofthethreecouauiesthechangeoftheannual
thatv_ylllstatio_spanaed the en_cperiodofrecord mean maximum temperature shows little or no iacre_e,
with few, ff any, missing obs=rvztions.Temperat_es were
transformed to temperature anor_l_cs from the 1951..80
baseperiod beforeaggregatingthem into rcgionzlmeaz_ U.S.A.NATIONAl. U.S.A.NATIONAL.

isa commonpracticein developingtempcrarmretime G' 2"ANNUAl-MEANMAX _" 2-ANNUAL.MEANMIN

when the station Letwork.varies [Jones et eL, 1986], even ,.., _ t "
though the networks used here are quite stable.

Tbe year-month temperaturesfrom the USA HCN have _ '¢

undergone emensive homogeneity check3 and asscssmenu 0 " _ -It
['K.ariet _ 1990], so no further quality control was required, z< -2.;......................................._ _" -2_......................................
However, a correction was performed for a change at some ' _ _ _990 _95o ,9_ _'_
stations(23%) m thetypeof temperaturemcasxt_ment YEAR YEAR
(the elecu'oaic maximum/minimum temperaturesystem)
systemused during the late 1980s[Quayle et aL, 1991]. U.S.S.R.NATIONAL U.S.S.R.NATIONAL•-., 2_ANNUALME.ANMIN

Daffy temperature extrem_ were available for _:subset of _" 2_ANNUAL MEAN MAX O 1
thesehigh-qualityUSA HCN stadot_CTab,.1,anda11the _ ,0! A ! _ _" _ ' _A
stations we analyzed for the USSR. Year-month o r.,
temperature extremes of the da.flymaximum and mi.atmum _ _1, , . "" .,_ , 2

< :1 'l'" _tl/ '
well as the year-month mean _um and minimum for '_ t_ :_ ._..

the USSR ,andthe PRC were inspected for consistency, and Q "2_ l ..':3', outlJers prior to use in this analysis. R .................................. _ 2
! 11_0 ir/_ 19go I_._ ',970 1990

i Table L Dam _ed Lad_ _ Abbreviation are: P.R.C.NATIONAL P.R.C.NATIONAL
:, USA--UttitedStatcaofAmerica,PRC_People,sRepublac ... 2.ANNUALME.AN MAX "" 2 ANNUALMEAN MIN

of China. USSR--Umoa of Soviet Soaa_u RepubLics, o : c! ]
_)R--Perio..d of record,Sms--Stadons. _ 1! 0 _,

Max & Min Max & Min _ ._' , ,

Country #of POR #of POR o i o t
• 2 ..............................

USA 497 1901-1990 357 1911-1989 _s._ _;70 t_s0 _So _sTO _oYEAR YEAR

PRC 5"7 1951-1989 no no Fig. 2. Variations of temperature (°C) for: a)
access acce_ U.S.A. mean annual maxtmum and mintmum

temperature, b) same asa) except for the U.S.S.R.,c)
USSR 190 1936-1986 190 1936-1986 same as a) except for P.R.C. Solid Line: 9 point

binomial filter, Dashed Line: linear trend.
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lr,._ ct tt : Glare Wmm_ _,._.3._

T_le Z Teml:mrtturc u'ends ('C.,/100yr)over the period of record given in T_le 1 tad since 195L A double underline
reprcscnta trends significant at the .05 leve[ (two.dailed) and t sktgle underline the. I0 level A "#' denotes | significant
(.05 level) deviation from a linear trend. Note that due to the.nature oftrend amaJys_one-haLf the slope of the maximum
plus one half the slope of the minimum is not necessarily equal to the slope of mean temperature.. M.AX-Nfl_ tmplics
maximum minus minimum or the range.

MEAN MEAN MEAN EXTREME EXTREME EXTREME
MAX MIN MAX.MIN MAX MIN MAX-MIN

USA 19(}11951190119511901195119011,51190119511901195!

WiN 0J .3.0 0., .1.0 .0,1 .lI 02 .2.2 -0.2 -10 0-_ -0-2

SPR 0.6 t.9 _06: _ 0.0-.1.5.-0'7 -0.2. 1.3 _.10.2 2.1 -0.4-0.8

SUM 0.3$ .0.8$ u., ;_,,fi_ .0.7# -O3 # 0,6 _ -t.2
ALrr -o.l#, _ 1.4 -.L_#3-_..0.2$ ..2.t 12 -o.3

02# .05 .L.O# £k,_#_ -0.2# t.O 0.2 0.3 -0.4 -12

USSR 1936 1951 1936 1951 1936 1951 1936 1951 1936 1951 1936 1951

-0.9t.o02 2.6-_I_I,-.Za 0.9,,
ANN o.1 1.2 .t.fl _ -.M o.o 02 _# -..LA,_

PRC 1951 1951 1951

WIN 12 _ _ no,=e.u no.cce_ no,cccss
SPR 0.0 no.cce.ssnoaccess noaccess
SUM _ ".I.2, noaccessno_-r._ssnoacce.s
AUT -0.¢ ,L_ _ noacce._ noaccess noaccess
ANN .0-2 l,i, _ noa=e.u no acce.u noaccess

whiletheminLmum temperatureincre._czsubstantmllyexceptionofwintertemperaturesintheUSA overthepast
(Figure2).Sin"dJarcharacteri_tic_areal.soobservedfor_e fourdecades.
extremetemperat',.u'eanomalies.Ineachcountry,the T'hespatialchara_eristic_ofthetrcnd.softbeannum
incrta.s¢oftheminmaum temperature(bothmeans and mean maximum and minimum aresi.m/laracrosslarge
cxuemes)/.smostpronouncedbeginningaroundthelate port/on.softheUSA,USSP.,andthePRC..IntheUSSR me
1950s or early 1960s. Thee _y'm_netric trends are be.st increase of the extreme mxmmum relative to the extreme
reflectedby tbe decreaseinthe mean and absolute mammum _wellc.xprcs.sedacrossmuch ofthe country.In
temperatureranges, theUSA theincreaseofthee.xu'ememinimum relauveto

Lineartrend_areusedtosummarizetheobserved theextrememaximum _ moststronglyexpressedm the
changesoftemperaturepresentedinFigure2,butwemake westernpartofthecountry,buti_alsoweaklycxpre_ed
no daJm t.bat the changes are best reflected by linear e_ewbere.
changc.s. Indeed, two-phase regre..mion analysis [Solow,
1987]_,vasused to test for sagmficant departures from linear Di_cu.ssionand Conclusion
trendswithlc_sthan20/%(c.xpectedat least5% by.chance
alone) showing s_nca,lJy sigmficant departut_ (Table 2) Although we cannot offer a defmat/ve explanation for me
fi'omaI/neartrend.Sinc_1951allofthewarminginthe asymmetricchanges,theseresultsrequirecareful
USA andthePRC _ duetothem='easeofthereran.mum considerationm ourartemp_tocxpl_ncontemporary
temperature(Table2),A smaJlarcha.racter-tsnc.,butnota.s climatevar',atmn_andchange.
one-sided,has beenobservedm theUSSR (Table2). BasedonGCM modelstmulataor._the_CC statesthat
Standardtestsofsm_ucalsigmficanceindicatethatfor "there_ nocompellingevidenceforageneraJreducnonm
most areas and seasons ',.bede_ea.se of the temperature tbe ampittude of the diurnal cy,cJe.... " resuhmg from
ra,nge(.X,tAX-MIN)_stat_ticaUysign/.ficant. Onase_onaJ increases of greenhouse gases IIPCC, 1990]. Thts
basis since 1951 (when all three counrnes have a common conclusion bears close exan'u.nauonin hght of _e obser'vcd
period of record) there _ a preference for decreases in the tempe,'-at'_i:echanges over the past four dec_d_, espec:,allv
maxm_ (bothmeam andextremes)duringthesmmnerand sincet_cdiu:naJcTdehdirectlyallottedbyquanutiessuch
autumn, butthesearemorethano_et bythemerciesof _ surfocewemcs_,cloudcover,andsu.r'faceaJbedowhich
minima, espectaJly dunng the v,-mter and spnng, are highly variable from model-t_>-model [IPCC, 1990]. If

Changes m the range of extreme temperatures is an the [PCC is coffee',,, other for_ngs must be operaung :o
important measure of chmate vamaviLiry..Analys_ reveal a tin,gate the warrmng of the dai_ymaxamum tempera:u,re m
generaldecreaseoftherange('Table2),w-tththenouble alargepomon ofthenorthern nemlsphere,Some ofthese
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other factors could include changesin cloudinessand Jones,P,D.,P.Ya. Groismaa.M, Coughlan,N. Plummer,
aerosol loadingx, butit is enWeh/pox'hie that the observed W.-C Wang. T.R. Karl, A_e_ment o[ urbam_uon
changes are the result of m_mralfluctuations within the affects in the series of surface _r temperature over land.
eKmatesystem. Natu_ M7, 169-172, 1990.

At present we lack an adequateunderstandi.ngof the Karl, T.R., C.N, Williams, Jr., F,T, Quinlan, T,A. Boden,U.$. Historical Climatoloo Network (HCN) Serial
¢ause_ of dLfferential changes in the me-anand cxtremes of Temperature and Precipitation Data. Oak Ridge
maximum and minimum temperatures. This is a National Lab./CDIAC.30, Numerical Data
fundamental chara_erisdc of recent climate variation over Package-019/Rl., 19_0.
a large portion of the nonhern hem_phere land mass, and Karl, T.R., G. Kukla, J.Gavin, De_eas,ag diurnal
it must be better understoodbefore we can con.fidendy" temperature range in the United States and Canada
project the climate or climate impacts on future society and from 1941 through 1980. /. Clim. Appt Meteor. 23,
ecosystems. This will require rigorous atmospheric 1489-1504, 1984.Karl,T.R.,H.F. Diaz, G. Kukla, Urban/a.at/on:Its detection
chemistry and climatological monitoring and analysis and effec_ in the United States climatic record../. Clim.
efforts.Additionally,improvedmodellingeffortsaxe I,1099-1123,1988.
required which would consider the combined impact of Plantico, M.S., T.IL Karl O. Kulda, .I.Gavin, Is the recent
changesof greenhousegases,surfacechar_cteruucs,and r,t/matechangeacTosstheUnited Statesrelatedtonsing
aetbsoison thediurnalcycleintheatmosphericboandary levebof_thropogenicgreenhouseg_es?Y.Oeoph_.
layer. _ 95,16617-16637,1990.
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Rlrm¢2 mdTabt¢2(n:,,cr__d¢)

U.S.A. NAT1ONAL U.S.A. NATIONAL

_. 21ANNUAL MEAN MAX _' 2]/U_INUALMEANMIN

• .t -_

tlS0 trio t_lo 1_ lgR I_
YEAR YEAR

U.S.S.R. NA13ONAL U.S.S.R. NAT1ONAL
|_ ANNUAL MEAN MIN

YEAR YEA,_

P,R.C. NATIONAL P.FLC. NATIONAL

2 ANNUAL, MEAN MAX .-... 2]ANNUALME.AN MIN

_ t,,i.J ,.

YF.AR

Rr,. z va_¢io_ of u=n_ ('=C)for:. =)U.S.A. mc_
annual_mm _d m.tntmum u=n_ b)same_ a)
cxc_c fortimU.S..S.P,.c)samc asa)_c_pt _orP.ILC_
SolidI..m-..:9 pOLntbinomial51_, _ Lm_ linc._r
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Table 2. Temperature reeds (4C/100yr)over theperiod of record liven in Table I and s_¢e 1931.A double underline
req_r©sentstrendssignificantat the ,05level (two-uliled) aod a singleunderline the ,10 leveLA "#" denotesa significant
(.0.5level) deviauonfroma linear Izend. MAX-MIN impliesma.umumminus_nimum or theranse.

__ i

MEAN ME.AN MEAH EXTREME EXTREME EXTREME
MAX MIN MAX-M[N MAX MIN MAX-MIN

USA 190'I1951 19011951 19011951 1911 1951 19111951 1911 1951

WIN 0_I -2./ 04 -0.7 -0.1 _ 0.2 -2-2 -03, .2.0 0.5 -0.2
SPR 0.6 2.3 /_ ,?_ 0.0 -0.2 -0.2¢ I__I 03, 2-I ,0.4 -0.8
SUM 0..3_ -0.3_ ._# .l.O,e ::_¢..._ -0°7¢ -0.5 06_I 0.6 .,I -1_
AUT .0.1 -1._ _ 1.3 ..._ ._.._ -03,¢ _ u.l 1.3 _ -._
,_NN 03¢ -o..s. _ _ -_,._,.._, -0.2# .1.o o.2. o-1 .o.4 ._.2.

U$SR 19_6 1951 ,936 1951 19361951 1936 1951 1936 1951 19361951

WIN 0,5 1,6 1,4 2,9 :__._,:.L2 I.I 2-0 _8 4,1 -1,7-2-I
sPR 1.o 2-8 L.1 .4.o .:_:i-_. 0.9 1.8 _ _ ...I.9 ._4
sum .o_ -on u.4 u_, _ _ -0.7 .__ o_ u_ ._ .:i::I
AUT -0.9 1.0 0.1 2.6 ",LJ,¢",_ ..I.4 _ 0.9¢ ,_ -._,_¢
ANN 0.1 _ _ _ -._-._ U.U 0_ L_¢ _ ".,_ "_

PRC 19_I 1951 195

WIN [3 _-I _ noacce_ noacc_,s noacc=ss

SPR 0.0 _ _ no access no a_ noacccs,sSUM -.LJ, _ noac_.ss noaccc_ noaccess.
AUT _ _ ,,,,-""_. no access r,o access noaccess.
ANN -_.1 _ _ no access no sccess no _c_r.,ss
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