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ABSTRACT

RAZUVAEYV, V. N,, E. G. APASOVA, and R. A. MARTUGANOV. 1995.
Six- and Three-hourly Meteorological Observations from 223 U.S.S.R. Stations.
ORNL/CDIAC-66, NDP-048. Carbon Dioxide Information Analysis Center,
Oak Ridge National Laboratory, Oak Ridge, Tennessee. 133 pp.

This document describes a database containing 6- and 3-hourly meteorological
observations from a 223-station network of the former Soviet Union. These data have been
made available through cooperation between the two principal climate data centers of the
United States and Russia: the National Climatic Data Center (NCDC), in Asheville, North
Carolina, and the All-Russian Research Institute of Hydrometeorological Information — World
Data Centre (RIHMI-WDC) in Obninsk. Station records consist of 6- and 3-hourly
observations of some 24 meteorological variables including temperature, weather type,
precipitation amount, cloud amount and type, sea level pressure, relative humidity, and wind
direction and speed. The 6-hourly observations extend from 1936 to 1965; the 3-hourly
observations extend from 1966 through the mid-1980s (1983, 1984, 1985, or 1986; depending
on the station). These data have undergone extensive quality assurance checks by RIHMI-
WDC, NCDC, and the Carbon Dioxide Information Analysis Center (CDIAC). The database
represents a wealth of meteorological information for a large and climatologically important
portion of the earth’s land area, and should prove extremely useful for a wide variety of
regional climate change studies.

These data are available free of charge as a numeric data package (NDP) from CDIAC.
The NDP consists of this document and 40 data files that are available via the Internet or on
8mm tape. The total size of the database is ~2.6 gigabytes.

Keywords: U.S.S.R,, former Soviet Union, Russia, hourly data, air temperature, dew point
temperature, relative humidity, water vapor pressure, sea level pressure,
visibility, cloud amount, cloud height, wind direction, wind speed, precipitation
amount, soil temperature, weather type, atmospheric phenomena
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PE3IOME

PA3YBAERB, B. H, E. I'. ATIA30BA, P. A. MAPTYTAHOB. 1995. Illectn- ® Tpex-
JacOBBIE METEOPOIOTHYEcKre HAGIONESHNS 0 TaHHEIM 223-X CTaHIuA
CCCP. OPHIVIIAH-66, IIIII-048, enTp Anamuza HudopManmu mo
Yraekuciaomy I'azy Oxpmixckas HanmonansHas JIaboparopud, Ox Pumx,
Tenneccu. 133 c1p.

HacTtosuimii JOKyMEHT IIpeCTaBIsgeT OMHCAaHAe 0a3bl MaHHEIX, COIepKaIneit
IIIECTH- A TPEX-YACOBBEIE METEOPOJOrndecKAe HAONIOeHnd 0 JAHHBIM 223-X CTAHIIHNH
6eBInero Coserckoro Comos3a. DTH JAHHBIE OKA3AIHCE JOCTYIHBIMHA OlIaromaps
COTPYTHHYECTBY MEXKNY IBYMS IEHTPAMH KIIMMATHYSCKUX NAHHBIX COoequHEeHHBIX
Iltatror Amepnky n Poccum: Hammonansusiit Ienrp Knmvarmuecknx Hammerx (HIIKI) B
Armnsunne, CeBepHasa Kapommaa u Hayumo-Hccnegorarenseckuii UHCTHTYT
I'mnpomeTeoposnorrueckort Mudopmanmn — Muposoit entp Hanwsix (BHUUTMH—MIIJ) B
O6unucke, Poccas. ApXMBEI CTAHITHOHHBIX HAHHEBIX COTEPIKAT 3aIUCH 6- U 3-YaCOBBIX
HAGIIONEeHMA IPUMeEPHO 24X METeOPOJIOTIMYECKIX IIePEMEeHHBIX, BKII0YasT TEMIEPATYDPY,
THO HOTOJEI, KOJHIECTBO OCATKOB, OOJIaYHOCTE, JAaBICHHUE HA YPOBHE MOp4,
OTHOCHTEIHHYIO BIAKHOCTD, & TaK X€ CKOPOCTh H HAIpaBICHHE BeTpa. 6-9aCOBBIE
HabmoneHns 6u1IH coOpaHbl B mepuol, ¢ 1936 mo 1965 romsl; 3-4acoBble HAGIIONEHUS
IPOBONHINCH, HauuHAd ¢ 1966 roma go cepenumbr 1980-x romon (1983, 1984, 1985, min
1986, B 3aBHCHMOCTH OT CTaHITMH). Bce manHbIe GBIIM IONBEPKEHBI THIATEIHHONA
nposepxe Ha kavectBo B0 BHUUTMHU—MILI, HIIK]I u Ilearpe Anannsa Madopmannm o
Yraekuciaomy Tasy (IIAW). Basa MaHHEBIX COOEpKXHUT 6GOraTyi0 METEOPOIOTHYECKYIO
uHGOPMAIAIO O OTPOMHOM, KIIMMATAYECKA BAXKHOM YacTH CYyIIM 3eMIIH, H JOJDKHA
[IPEMICTABIATE GOJBINYIO ITOJB3Y B IIPOIIECCE H3YUYEHNS PETMOHATBHOIO M3MEHEHMA
KJIMMATA.

Hacrosinnae JaHHBIE MOXXHO 3aKa3aTh GecliaTHO B Bune [lakeTa Iudppossix
Hamueix (TTILJT) uepes [TAWM. IIIJ, cocronT M3 HacTOSAMIETO HOKyMeHTa U 40 daios,
KOTOpBIE JOCTYIHBI Yepe3 NHTepHET WK HA 8-MM MarHMTHOM JeHTe. OO6mmi 06neM
62351 JAHEBIX COCTABIAET IPHMEPHO 2.6 rHTaBauT.

Kimogennie ciopa: CCCP, 6nipmmuit CoBeTcknii CoI03, MOYacOBBIE NAHHEIE,
TEMIIEpPATypa BO3IyXa, TEMIepaTypa TOYKH POCHI,
OTHOCHTEJIBHAS BIAXXHOCTh, HCIIAPEHHAE, TaBIcHAE HA YPOBHE
MOps, BUIIMOCTE, 06J1a4HOCTh, BRICOTa OOIIAKOB, HAIIPABIICHUE
BETPa, CKOPOCTh BETPA, KOJIMIECTBO OCAJKOB, TEMIIEPATypa
TIOYBEI, THII IOTONEI, aTMocdhepHEIN HeHOMEH.
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PART 1

OVERVIEW OF THE DATABASE







1. BACKGROUND INFORMATION

In recent years, a great deal of meteorological data have been exchanged between the two
principal climate data centers of the United States and the former Soviet Union: the National
Climatic Data Center (NCDC), in Asheville, North Carolina, and the All-Russian Research
Institute of Hydrometeorological Information—World Data Centre (RIHMI-WDC) in Obninsk,
Russia. This was accomplished via Working Group VIII (Influence of Environmental Changes
on Climate) of the bilateral initiative known as the Agreement on Protection of the
Environment, established on May 23, 1972, by the United States and the U.S.S.R. Working
Group VIII established the Climate Data Exchange and Management Agreement Project, the
purpose of which is to promote the sharing of climatological data between NCDC and RIHMI-
WDC. Surface meteorological and climatological data for the U.S.S.R. that have been
received by NCDC from RIHMI-WDC to date include

+ monthly mean temperature data from 243 stations (1891-1988),

+ daily temperature and precipitation data from 223 stations (1881-1989),
+ 6-hourly observations from the above 223 stations (1936-1965), and

« 3-hourly observations from the above 223 stations (1966-1983").

The Carbon Dioxide Information Analysis Center (CDIAC), through a cooperative
agreement with NCDC, has packaged and made available to the public the first two of the
databases referred to above. The monthly mean temperature data from 243 stations
(1891-1988) are included in the Global Historical Climatology Network database (Vose et al.
1992); the daily temperature and precipitation data from 223 stations (1881-1989) are
documented in Razuvaev et al. (1993). The purpose of this document is to make available the
6- and 3-hourly observations from this 223-station network. These hourly data represent a
wealth of meteorological information for a large and climatologically important part of the
earth’s land area and are described in the following sections.

2. DESCRIPTION OF THE DATABASE

The data records contained in this numeric data package (NDP) include 24 types of
meteorological observations from each of the 223 U.S.S.R. stations. These observations
appear in each record of the database in the order given below.

+ Relative humidity

- Water vapor pressure

+ Sea level pressure

» Humidity deficit

» Pressure tendency characteristic

» Pressure tendency value

» Horizontal visibility

» Height of cloud base

+ Dew point temperature

+ Ground state (description of the state of the ground surface)

'All records extend at least through 1983; some extend through 1984, 1985, or 1986.




» Total cloud amount

+ Low-cloud amount

* Wind direction

»  Wind speed

+ Precipitation amount

» Air pressure at station level
» Near-surface air temperature
» Soil surface temperature

» Past weather

» Present weather

» Atmospheric phenomena

+ High-level cloud type

+ Mid-level cloud type

» Low-level cloud type

» Characteristic of wind irregularity (only present in 6-hourly observations)

Detailed descriptions of all variables are presented in Part 2. Observations of the last
variable in the above list—characteristic of wind irregularity—are only present in the 6-hourly
data, which run through 1965. Observations of all other variables are, for the most part,
present throughout each station’s record. Each record of the database contains entries for all
variables at a specific observation hour. (Sample records are shown in Sect. 7, Table 8.) Over
the period 1936-65 observations were carried out at 0100, 0700, 1300, and 1900 Local Mean
Time (LMT). From 1966 through 1986, observations were made at 0000, 0300, 0600, 0900,
1200, 1500, 1800, and 2100 Moscow Legal Time (MLT). In the version of the database
presented here, times of observation have been converted to Greenwich Mean Time (GMT)

(3 h earlier than MLT); the GMTs of observations vary with station as a function of time zone
(longitude). In converting LMT to GMT each station had to be assigned a specific time zone.
For a small number of stations there was some uncertainty involved in this; however, the
potential error is no more than 1 h in any case.

Not all stations have data for 1936-86; some station records begin after 1936, some have
gaps ranging from one month to several years, and most extend only through 1983 or 1984.
An inventory of the 223-station network—including each station’s name, World
Meteorological Organization (WMQO) station number, latitude, longitude, elevation above sea
level, and beginning and ending years of record—is given in Table 1. Stations with gaps in
their period of record are identified in Table 1, with these gaps presented in detail in Table 2.
A map showing the locations of all 223 stations is presented in Fig. 1.




Table 1. Inventory of stations in the 223-station U.S.S.R. network

Lat. Long. Elev. Beginning Ending

Station Name (°N) (°E) (m) month/year month/year
1 OSTROV DIKSON 73.50 8040 42.0 01/1936 12/1984
2 HATANGA 71.98 102.47 30.0 01/1936 12/1984
3 COKURDAH 70.62 147.88 0.0 08/1944 12/1984
4 OSTROV VRANGELJA 70.97 181.63 2.0 01/1936 12/1984
5 MURMANSK 68.97 33.05 57.0 01/1936 12/1984
6 KANDALAKSA 67.13 32.43 26.0 01/1936 12/1984
7 KEM’-PORT 64.98 34.7 7.3 01/1936 12/1983
8 ARHANGEL’SK 64.58 40.50 8.0 01/1936 12/1983
9 KOJNAS 64.75 47.65 63.0 01/1936 12/1983
REBOLY 63.82 30.82 179.0 02/1936 12/1983
ONEGA 63.90 38.12 11.0 01/1936 12/1983
SORTOVALA 61.72 30.72 17.0 01/1945 12/1983
PETROZAVODSK 61.82 3427 110.0 01/1936 12/1983
VYTEGRA 61.02 36.45 55.0 01/1936 12/1983
KOTLAS 61.23 46.63 56.0 01/1936 12/1983
MYS KAMENNY]J 68.47 73.60 2.0 03/1950 12/1984
NAR’JAN-MAR 67.65 53.02 5.0 11/1947 12/1983
HOSEDA-HARD 67.08 59.38 82.0 01/1936 12/1983
UST’-CIL’MA 65.45 5217 720 01/1936 12/1983
PECORA 65.12 57.10 545 09/1943 12/1983
TURUHANSK 65.78 87.95 37.0 01/1936 12/1984
BEREZOVO 63.93 65.05 27.0 01/1936 12/1984
TROICKO-PECERSKOE 62.70 5620 1350 01/1936 12/1983
NJAKSIMVOL’ 62.43 60.87  50.0 01/1936 12/1984
SYKTYVKAR 61.67 50.85 96.0 01/1950 12/1983
SURGUT 61.25 7350 440 01/1936 09/1984
BOR 61.60 90.00 62.0 01/1936 12/1984
BAJKIT 61.67 96.37 256.0 01/1936 12/1984
IVDEL’ 60.68 60.43 93.0 01/1936 12/1984
HANTY-MANSIISK 60.97 69.07 450 01/1936 12/1984
ALEKSANDROVSKOE 60.43 77.87 470 01/1936 12/1984
OLENEK 68.50 11243 216.5 01/1936 12/1984
VERHOJANSK 67.55 133.38 136.0 01/1936 12/1984
ZIGANSK 66.77 12340  88.0 02/1936 12/1984
TURA 64.17 100.07 188.0 01/1936 12/1984
VILJUJSK 63.77 121.62 1108 01/1936 12/1984
OJIMJAKON 63.27 143.15 740.0 01/1943 12/1984
SUNTAR 62.15 117.65 131.0 02/1936 12/1984
ERBOGACEN 61.27 108.02 284.0 03/1936 12/1984
VANAVARA 60.33 10227 259.0 01/1936 12/1984




Table 1. (continued)

Ref. WMO Lat. Long. Elev. Beginning  Ending
No. No. Station Name (°N) (°E) (m) month/year month/year
41 24944° OLEKMINSK 60.40 12042 223.0 01/1936 12/1984
42 24951 ISIT 60.82 125.32  117.0 01/1936 12/1984
43 24959 JAKUTSK 62.08 129.75 98.5 01/1937 12/1984
44 24966 UST’-MAJA 60.38 13445 169.0 01/1936 12/1984
45 25173 MYS SMIDTA 68.92 180.52 3.3 01/1936 12/1984
46 25551° MARKOVO 64.68 170.42 25.0 07/1937 12/1984
47 25563® ANADYR’ 64.78 177.57 64.0 01/1936 12/1984
48 25594° BUHTA PROVIDENJA 64.43 186.77 9.0 01/1936 12/1984
49 25703* SEJMCAN 62.92 15242  206.0 01/1936 12/1984
50 25744 KAMENSKOE 62.48 166.22 33.0 01/1950 08/1986
51 25913 MAGADAN 59.58 150.78 115.0 01/1936 12/1984
52 25954®> KORF 60.35 166.00 2.0 01/1936 08/1986
53 26038 TALLIN 59.42 24.80 410 01/1947 12/1983
54 26063 ST. PETERSBURG- 59.97 30.30 4.0 01/1936 12/1983

TOWN/VILLE
55 26188° VEREB’E 58.68 3270 1160 01/1936 12/1983
56 26231 PJARNU 58.38 24.50 1.0 08/1945 12/1983
57 26258® PSKOV 57.83 28.35 42.0 01/1936 12/1983
58 26406 LIEPAJA 56.55 21.02 4.0 06/1945 12/1983
59 26422 RIGA 56.97 24.07 7.0 01/1945 12/1983
60 26477° VELIKIE LUKI 56.38 30.60 98.0 01/1936 12/1983
61 26629 KAUNAS 54.88 23.88 76.0 01/1943 12/1983
62 26702 KALININGRAD 54.70 20.62 20.0 01/1947 12/1983
63 26730 VIL’NJUS 54.63 25.28 162.0 01/1945 12/1983
64 26781 SMOLENSK 54.75 32.07 2360 01/1944 12/1983
65 26850° MINSK 53.87 2753 2220 01/1939 12/1984
66 27037 VOLOGDA 59.28 39.87 1250 11/1983 12/1983
67 27196 VIJATKA 58.65 49.62  165.0 01/1940 12/1985
68 27333 KOSTROMA 57.73 4095 1370 01/1936 12/1985
69 27553 NIINIJ NOVGOROD 56.22 43,82 161.0 01/1936 12/1985
70 27595° KAZAN’ 55.78 49.18 116.0 01/1936 12/1983
71 27612° MOSKVA 55.75 37.57 1470 01/1936 12/1983
72 27648 ELAT'MA 54.95 4177 1320 01/1936 12/1985
73 27823° PAVELEC 53.78 39.25 209.0 01/1936 12/1985
74 27947 TAMBOV 52.73 4147 1390 01/1936 12/1983
75 28064 LEUSI 59.62 65.78 72.8 01/1936 12/1984
76 28138 BISER 58.52 58.85 463.0 01/1936 12/1984
77 28225 PERM 58.02 56.30 169.0 01/1936 12/1984
78 28275° TOBOL’SK 58.15 68.18 48.5 01/1936 12/1984
79 28411 IZEVSK 56.82 53.27 1550 01/1958 12/1985
80 28434 KRASNOUFIMSK 56.62 57.75 20.6 01/1936 12/1984




Table 1. (continued)

Lat. Long. Elev. Beginning Ending

Station Name (°N) (°E) (m) month/year month/year

EKATERINBURG 56.80 60.63  282.0 01/1936 12/1984
TARA 56.90 74.38  73.0 01/1936 12/1983
KURGAN 5547 6540  70.0 01/1936 12/1984
PETROPAVLOVSK 54.83 69.15 1340 01/1936 12/1985
OMSK 54.93 7340 1210 01/1936 12/1984
UFA 54.75 56.00 104.0 01/1936 12/1984
SAMARA, BEZENCUK 53.25 5045 1370 01/1936 12/1983
KUSTANAJ 53.22 63.62 169.0 01/1936 12/1985
KOLPASEV 58.30 8290  80.0 01/1936 12/1984
ENISEJSK 58.45 9215 77.0 01/1936 12/1984

BOGUCANY 58.42 9740 1340 01/1936 12/1984
TOMSK 5643 8497 1370 01/1936 12/1984
KRASNOJARSK 56.00 92.88 274.0 01/1936 12/1984
BARABINSK 55.37 7840 120.0 01/1936 12/1984
NIZNE-UDINSK 54.88 99.03 4100 01/1940 12/1984
IRTYSSK 53.35 7545 930 01/1936 12/1985
BARNAUL 53.33 83.70 153.0 01/1959 12/1984
MINUSINSK 53.70 91.70 2510 01/1936 12/1984
VITIM 59.45 112.58 186.3 01/1936 12/1984
KIRENSK 57.71 108.12  256.0 01/1936 12/1984

BODAIJBO 57.85 11420 278.0 01/1936 12/1984
CARA 56.92 118.37 708.0 06/1938 12/1984
CUL’MAN 56.83 124.87 8439 01/1936 12/1984
ZIGALOVO 5480  105.17 4260 08/1937 12/1984
TROICKIJ PRIISK 54.62 113.13 1315.0 03/1938 12/1984
BARGUZIN 53.62 109.63 488.0 01/1936 12/1984
MOGOCA 53.73 119.78 624.0 01/1936 12/1984
SKOVORODINO 54.00 12397 3975 01/1936 12/1984
IRKUTSK 52.27 104.35 467.0 01/1936 12/1984
CITA 52.02 113.33 4710 01/1936 12/1984

SRETENSK 5227 11770 528.0 01/1936 12/1984
ULAN-UDE 51.80 10743 5140 01/1936 12/1984
KJAHTA 5037 10645 791.0 01/1936 12/1984
KYRA 49.57 11197 9070 01/1936 12/1984
BORZJA 50.38 11652 6750 01/1936 12/1984
ALDAN 58.62  125.37 678.0 01/1936 12/1984
OHOTSK 59.37 14320 5.0 01/1936 12/1984
AJAN 56.45 138.15 7.0 01/1936 12/1984
BOMNAK 5472 12893 3570 01/1936 12/1984
EKIMCAN 53.07 13293 540.0 01/1936 12/1934




Table 1. (continued)

Ref. WMO Lat. Long. Elev. Beginning Ending
No.* No. Station Name (°N) (°E) (m) month/year month/year
121 31369 NIKOLAEVSK-NA-AMURE 53.15 140.70  46.0 01/1936 12/1984
122 31388 NORSK 52.35 12992  207.0 01/1936 12/1984
123 31416° IM POLINY OSIPENKO 52.42 136.50 71.0 01/1936 12/1984
124 31510 BLAGOVESCENSK 50.27 127.50 1300 01/1936 12/1984
125 31532 CEKUNDA 50.82 132.17 271.0 01/1936 12/1984
126 31594 ARHARA 49.42 130.08 133.0 01/1936 12/1984
127 31707 EKATERINO-NIKOL’SKOE 47.73 130.97 72.0 01/1936 12/1984
128 31735 HABAROVSK 48.52 135.17 88.0 05/1952 12/1984
129 31829®° MYS ZOLOTOJ 47.32 138.98 27.0 01/1936 08/1986
130 31873 DAL’NERECENSK 45.87 133.73 97.0 10/1939 08/1986
131 31909 TERNEJ 45.03 136.67 51.0 02/1940 12/1984
132 31915 POGRANICNY]J 44.40 131.38  217.0 01/1936 08/1986
133 31960° VLADIVOSTOK 43.12 13190 183.0 01/1936 08/1986
134 32061 ALEKSANDROVSK- 50.90 142.17 30.0 01/1936 12/1984
SAHALINSKIJ
135 32098 PORONAIJSK 49.22 143.10 7.0 11/1946 12/1984
136 32165 JUZNO-KURIL’SK 44.02 145.82 44.0 01/1947 12/1984
137 32389 KLJUCI 56.32 160.83 28.0 01/1936 08/1986
138 32411° ICA 55.70 155.63 10.0 01/1936 08/1986
139 132540° PETROPAVLOVSK- 52.97 158.75 -999.9 01/1936 08/1986
KAMCATSKIJ
140 32564 OKTIABR’SKAYA 52.67 156.23 6.0 01/1936 08/1986
141 33008 BREST 52.12 23.68 141.0 08/1944 12/1984
142 33038 VASILEVICI 52.25 29.83 1390 03/1944 12/1984
143 33345° KIEV 50.40 3045 167.0 01/1936 12/1985
144 33377° LUBNY 50.02 33.00 156.0 01/1936 12/1983
145 33393 L’'VOV 49.82 2395 326.0 07/1940 12/1983
146 33562° VINNICA » 49.23 2847 281.0 01/1936 12/1983
147 33631 UZGOROD 48.63 2227 115.0 05/1946 12/1983
148 33658 CERNOVCY 48.27 2597 2390 03/1941 12/1983
149 33815 KISINEV 47.02 28.87 1730 01/1945 12/1983
150 33837° ODESSA 46.48 30.63 42.0 01/1936 12/1983
151 33889 I1ZMAIL 45.37 28.87 28.0 01/1946 12/1983
152 33910) GENICESK 46.17 34.82 14.0 01/1936 12/1983
153 33915° ASKANIJA-NOVA 46.45 33.88 28.0 01/1936 12/1983
154 33946 SIMFEROPOL’ 45.02 33.98 204.0 01/1955 12/1983
155 33976 FEODOSIIA 45.03 35.38 22.0 01/1936 12/1983
156 33983 KERC’ 45.37 36.43 32.0 01/1955 12/1983
157 34009° KURSK 51.65 36.18 246.0 01/1936 12/1983
158 34122° VORONEZ 51.70 39.17 1470 03/1936 12/1983
159 34139 KAMENNAJA STEP’ 51.05 40.70 193.0 01/1940 12/1983

160 34163° OKTJABR’SKIJ GORODOK 51.63 4545 2020 01/1936 12/1983




Table 1. (continued)

Ref. WMO Lat. Long. Elev. Beginning Ending
No.* No. Station Name (°N) (°E) (m) month/year month/year
161 34172°® SARATOV 51.57 46.03 1260 01/1936 12/1983
162 34300° HAR’KOV 49.93 36.28 1470 01/1936 12/1983
163 34391 ALEKSANDROV-GAJ 50.15 48.55 230 01/1936 12/1983
164 34524° DEBAL’CEVO 48.35 38.43 3340 01/1936 12/1983
165 34646° VOLGODONSK 47.73 4225 640 01/1936 12/1983
166 34731° ROSTOV-NA-DONU 47.25 39.82  66.0 01/1936 12/1983
167 34747° CELINA 46.55 41.05 1110 01/1936 12/1983
168 34824 PRIMORSKO-AHTARSK 46.03 38.15 3.0 01/1959 12/1983
169 34861 ELISTA 46.32 4430 1510 01/1936 12/1983
170 34880° ASTRAHAN’ 46.27 48.03 -220 01/1936 12/1983
171 35078 ATBASAR 51.82 68.37 303.0 01/1936 12/1985
172 35108° URAL’SK 51.25 5140  36.0 01/1936 12/1985
173 35121 ORENBURG 51.75 55.10 1150 01/1936 12/1983
174 35133 ADAMOVKA 51.52 59.95 2850 01/1936 12/1983
175 35188 AKMOLINSK 51.13 71.37 3470 01/1936 12/1985
176 35229 AKTJUBINSK 50.28 57.15 2190 01/1936 12/1985
177 35358 TURGAJ 49.63 63.50 124.0 01/1936 12/1985
178 35394 KARAGANDA 49.80 73.13 5500 01/1936 12/1985
179 35406° KALMYKOVO 49.05 51.87 1.0 01/1936 12/1985
180 35416° UIL 49.07 54.68 88.0 01/1936 12/1985
181 35542° IRGIZ 48.62 6127 114.0 01/1936 12/1985
182 35576° KZYL-ZAR 48.30 69.65 3610 11/1937 12/1985
183 35663 KARSAKPAJ 47.83 66.75 488.0 01/1936 12/1985
184 35700 GUR’EV 47.02 51.85 -240 01/1936 12/1985
185 35746 ARAL’SKOE MORE 46.78 61.67 62.0 01/1936 12/1985
186 35796° BALHAS 46.90 75.00 3470 01/1936 12/1985
187 36034 RUBCOVSK 51.50 81.22 216.0 01/1936 12/1984
188 36177° SEMIPALATINSK 50.35 80.25 195.0 01/1936 12/1985
189 36665 ZAJSAN 47.47 84.92 604.0 01/1936 12/1985
190 36729° UC-ARAL 46.17 80.93 397.0 01/1936 12/1985
191 36859 PANFILOV 44.17 80.07 641.0 01/1936 12/1985
192 36870 ALMA-ATA 43.23 76.93 8470 01/1936 12/1985
193 36974° NARYN 41.43 76.00 2039.0 01/1936 12/1984
194 37031° ARMAVIR 4498 41.12 158.0 01/1936 12/1983
195 37050° PJATIGORSK 44.05 43.03 5310 01/1936 12/1983
196 37099° SOCI 43.58 3972 57.0 01/1936 12/1983
197 37235° GROZNYJ 43.35 45.68 1230 08/1938 12/1983
198 37385 SAMTREDIA 42.18 42.37 280 01/1936 12/1983
199 37472° MAHACKALA 43.02 4743 210 01/1936 12/1983
200 37549 TBILISI 41.68 4495 4270 01/1936 12/1983




Table 1. (continued)

Ref. WMO Lat. Long. Elev. Beginning  Ending
No.* No. Station Name (°N) (°E) (m) month/year month/year
201 37686 GUMRY 40.78 4383 1523.0 01/1936 12/1983
202 37735 GYANDIJA 40.72 4642 308.0 01/1936 12/1983
203 37789 EREVAN 40.13 4447 888.0 01/1936 12/1983
204 38198 TURKESTAN 4327 68.22 206.0 01/1936 12/1985
205 38262 CIMBAJ 42.95 59.82 64.7 01/1937 12/1984
206 38353 BISHKEK 42.83 74.58 7560 01/1939 12/1984
207 38413 TAMDY 41.73 64.62 2360 01/1936 12/1984
208 38457 TASKENT 41.27 69.27 4770 01/1936 12/1984
209 38507° KRASNOVODSK 40.03 52.98 89.0 01/1936 12/1984
210 38599 LENINABAD 40.22 69.73 4250 01/1936 12/1984
211 38618 FERGANA 40.37 7175 5718 01/1936 12/1984
212 38687 CARDZOU 39.08 63.60 188.0 01/1936 12/1984
213 138696 SAMARKAND 39.57 6695 7250 01/1936 12/1984
214 38750° GASAN-KULI 37.47 5397 -240 01/1936 12/1984
215 38763 KIZYL-ARVAT 38.98 56.28 97.0 01/1936 12/1984
216 38836 DUSANBE 38.58 68.78 796.0 01/1936 12/1984
217 38880° ASHABAD 37.97 58.33 2270 06/1937 12/1984
218 38895 BAJRAM-ALI 37.60 62.18 2400 01/1936 12/1984
219 138927 TERMEZ 37.23 67.27 3090 01/1936 12/1984
220 38933 KURGAN-TJUBE 37.82 68.78 427.0 01/1936 12/1984
221 38954®° HOROG 37.50 71.50 2077.0 09/1936 12/1984
222 38974° SERAHS 36.53 61.22 2750 01/1936 12/1984
223 38987° KUSKA 35.28 62.35 625.0 01/1936 12/1984

“Reference number; assigned for ease in locating each station on the map shown in Fig. 1.
*Station has missing data for at least one month. See Table 2 for details.

10




Table 2. Gaps in the periods of record of the 223 U.S.S.R. stations

Month/year range Month/year range
WMO No. of gap (inclusive) WMO No. of gap (inclusive)
20891 07/1944 — 06/1946 27595 01/1942 - 03/1943
21946 08/1947 — 09/1947 27612 03/1941
21982 10/1943 12/1943
22602 03/1937 27823 10/1941 — 01/1942
05/1937 28138 12/1955
07/1937 — 08/1937 28275 04/1944
02/1940 — 03/1940 28440 01/1938 - 12/1939
06/1941 — 05/1945 28493 03/1944
22820 09/1941 — 07/1944 29282 07/1944
23146 07/1959 04/1945
23724 09/1947 — 11/1947 30230 10/1941
23804 01/1961 — 03/1961 01/1942
23884 01/1958 — 12/1958 04/1943 - 08/1943
23891 01/1936 - 01/1937 12/1943 — 01/1944
05/1937 — 07/1937 07/1944 — 08/1944
23933 03/1960 — 07/1961 30372 12/1941
24125 04/1939 - 08/1939 30393 08/1936
04/1945 — 08/1946 12/1936
01/1949 — 03/1949 11/1943 — 03/1944
24266 07/1950 — 09/1950 08/1944 — 11/1944
24343 02/1954 30521 11/1937 — 12/1937
04/1963 05/1938
24817 01/1937 — 05/1938 12/1946
05/1944 30823 08/1942 — 09/1947
24908 04/1938 — 08/1938 30925 11/1944 — 02/1945
05/1948 07/1946
24944 01/1942 03/1947
24951 04/1943 — 05/1943 30949 03/1936
10/1943 — 12/1945 12/1937
25551 09/1937 01/1942 — 03/1942
07/1938 — 08/1938 08/1942
05/1940 — 12/1943 11/1942 — 12/1942
25563 12/1936 05/1943
07/1949 — 08/1949 08/1943 — 04/1944
25594 03/1938 — 03/1939 03/1945 — 10/1945
25703 06/1938 — 12/1942 12/1945
25954 02/1946 02/1946 — 06/1946
08/1946 — 04/1947 30965 06/1939
26188 08/1941 — 12/1943 08/1939
26258 07/1941 — 08/1944 07/1951
26477 06/1941 — 02/1946
26850 04/1941 - 07/1944
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Table 2. (continued)

WMO No.

Month/year range
of gap (inclusive)

WMO No.

Month/year range
of gap (inclusive)

31369
31416
31532

31829
31960

32411

32540
33345

33377

33393
33562

33837
33910

33915
33976

34009
34122
34139

34163

01/1945 — 07/1945
01/1948

05/1939 — 06/1939
03/1936 — 04/1936
10/1937 — 04/1938
04/1944 - 01/1947
04/1944 - 01/1947
01/1960 — 10/1962
05/1937 — 06/1937
12/1948 — 02/1949
04/1950

08/1953 — 09/1953
12/1937

01/1938

09/1941 — 12/1941
09/1943 — 12/1943
01/1941 ~ 02/1941
09/1941 - 04/1943
06/1943 — 07/1943
(09/1943 — 10/1943
06/1941 — 11/1944
01/1941 - 02/1941
07/1941 — 09/1941
01/1942 — 08/1943
01/1944

03/1944

10/1941 — 12/1943
09/1941 — 07/1943
09/1943 — 01/1944
08/1941 — 09/1941
11/1941 — 12/1941
10/1943 — 02/1944
10/1941 — 12/1942
02/1943

10/1943 — 04/1944
02/1943

08/1941

08/1941 — 12/1941
06/1942 — 08/1942
01/1943 — 02/1944
03/1948

12

34172
34300
34391

34524
34646
34731

34747
34880

35108
35358

35406

35416
35542
35576
35746

35796
36177

36729

09/1945
09/1941 — 12/1945
06/1960 — 10/1960
04/1961 — 10/1961
04/1962 — 10/1962
04/1963 — 10/1963
04/1964 — 10/1964
04/1965 — 10/1965
09/1941 - 11/1943
07/1955 - 03/1957
10/1941 — 12/1941
07/1942 — 02/1943
09/1943 — 12/1943
07/1942 — 03/1943
03/1938
09/1946
02/1942 - 03/1942
11/1937 - 12/1939
02/1939
08/1950 — 12/1953
05/1954 — 12/1954
05/1943 — 06/1943
11/1944 — 12/1944
02/1945 — 07/1946
05/1961
09/1942
10/1940
08/1947 — 09/1947
11/1951
07/1945
01/1946 — 03/1946
10/1938
02/1936
08/1951
09/1954 — 10/1954
10/1955 — 11/1955
08/1956 — 09/1956
12/1938 — 03/1939
02/1943 — 03/1943
09/1945
05/1947




Table 2. (continued)

Month/year range Month/year range
WMO No. of gap (inclusive) WMO No. of gap (inclusive)
36974 10/1938 38507 01/1946 — 12/1946
37031 07/1942 — 01/1943 06/1958 — 09/1960
37050 08/1942 — 02/1943 38750 05/1964 — 07/1964
03/1948 38880 01/1945 — 12/1950
37099 07/1942 — 12/1944 38927 01/1946 — 12/1947
37235 08/1942 38954 12/1937 _
37472 01/1941 38974 10/1937 — 12/1937
12/1946 10/1938
38413 02/1943 12/1938
38987 07/1941
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3. CDIAC QUALITY ASSURANCE CHECKS

An important part of the data packaging process at CDIAC involves the quality assurance
(QA) of data before distribution. Data received by CDIAC are rarely in a condition that
would permit immediate distribution, regardless of their source. To guarantee data of the
highest possible quality, CDIAC performs extensive QA checks, examining the data for
completeness, reasonableness, and accuracy.

Some basic data checks had been performed by RIHMI-WDC and NCDC prior to the
arrival of the data at CDIAC. Extensive documentation pertaining to the units, acceptable
ranges, and coding of variables in the database was provided by RIHMI-WDC to CDIAC.
This information provided a basis for data checks performed by CDIAC and comprises the
bulk of the database description presented in Part 2. Descriptions of data checks performed
and a few general comments on findings are presented below.

«  Station numbers in data files were verified through comparison with station inventory
information provided in a separate file by RIHMI-WDC.

« Dates in data records were checked. Checks included

» ensuring that the year of all 6-hourly observations was 21936 and <1965 and that the
year of all 3-hourly observations was 21966 and <1986;

< ensuring that the month, day, and hour of each observation contained reasonable values
(e.g., all months were checked for the correct number of days, and the hour of each
observation was checked to make sure it corresponded with the hourly increments
prescribed in the RIHMI-WDC documentation);

« ensuring that data records were sorted chronologically.

»  Gaps were searched for in the period of record of each station. This included

+ looking for missing individual hourly entries. Where these were discovered, an entry
with the appropriate time was inserted that included missing indicators (composed of
“9”s) for all meteorological variables. This was done to maintain hour-to-hour
continuity (i.e., four and eight entries per day, for the 6- and 3-hourly observations,
respectively);

« checking for missing days in each month that had at least partial data for the month
(hourly entries with missing data codes were inserted for the few missing days that
were found);

+ checking for missing months or years of data. This type of occurrence is fairly
common in the database. Records with missing data values were not inserted where
these larger-scale gaps occurred; rather, these occurrences have been detailed in
Table 2.

»  Values for each variable were checked to make sure they were within the acceptable and
reasonable ranges prescribed in the RIHMI-WDC documentation. When values outside
these ranges were discovered, the complement and/or quality flags associated with that
particular variable were set to 9 to indicate suspect data. (See Sect. 6 for details on
ranges and data flags.)
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Flags determined to be invalid based upon RIHMI-WDC documentation were set to 9 to
indicate that the associated data value should be interpreted with caution.

4. HOW TO OBTAIN THE PACKAGE

The U.S.S.R. 6- and 3-hourly database is available free of charge from CDIAC. The
files are available on 8mm tape or from CDIAC’s anonymous FTP (file transfer protocol) area
via the Internet. (Users are asked to contact CDIAC for assistance if neither of these mediums
is suited to their particular computing environment.) Obtaining the data from CDIAC’s
anonymous FTP area requires a computer with FTP software and access to the Internet. A
sampling of commands used to obtain the station inventory file from this database is shown
below. CDIAC FTP server responses are shown in italics; user entries are bolded. For a full
description of commands, contact CDIAC.

>ftp cdiac.esd.ornl.gov or >ftp 128.219.24.36
Name: anonymous

Password: YOU@your internet address
Guest login ok, access restrictions apply.

ftp> cd /pub/ndp048

ftp> dir

Jfip> get station.inv

ftp> quit

Jftp> Goodbye

For non-FTP data acquisitions, users may request data from CDIAC using the following

information:

Address:

Telephone:

Electronic mail:

Carbon Dioxide Information Analysis Center
Oak Ridge National Laboratory

P.O. Box 2008

Oak Ridge, Tennessee 37831-6335, U.S.A.

(615) 574-3645 (Voice)
(615) 574-2232 (Fax)

Internet: CDIAC@ORNL.GOV

16
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PART 2

CONTENT AND FORMAT OF DATA FILES
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6. FILE DESCRIPTIONS

This section describes the content and format of each of the 40 files that comprise this
NDP (Table 3). File names and numbers and brief descriptions of the files are given below.

> NDP048.DES (File 1) describes the details of the database. It contains the text from Sects.
1-7 of this document.

« INVENT.FOR (File 2) contains a FORTRAN program for reading STATION.INV
(File 12).

» GAPS.FOR (File 3) contains a FORTRAN program for reading GAPS.DAT (File 13).

« TIMEZONE.FOR (File 4) contains a FORTRAN program for reading TIMEZONE.DAT
(File 14).

« HISTORY.FOR (File 5) contains a FORTRAN program for reading STATION.HIS
(File 15).

+ DATA.FOR (File 6) contains a FORTRAN program for reading USSR01.DAT-
USSR25.DAT (Files 16-40).

+ INVENT.SAS (File 7) contains a SAS® program for reading STATION.INV (File 12).
» GAPS.SAS (File 8) contains a SAS® program for reading GAPS.DAT (File 13).

» TIMEZONE.SAS (File 9) contains a SAS® program for reading TIMEZONE.DAT
(File 14).

+ HISTORY.SAS (File 10) contains a SAS® program for reading STATION.HIS (File 15).

» DATA.SAS (File 11) contains a SAS® program for reading USSR01.DAT-USSR25.DAT
(Files 1640).

* STATION.INYV (File 12) contains the name, WMO number, latitude, longitude, elevation,
beginning month and year of record, and ending month and year of record for each of the
223 stations.

* GAPS.DAT (File 13) contains information on stations that have at least one gap at least
one month in duration at any time during their period of record.

+ TIMEZONE.DAT (File 14) contains the time zone of each of the 223 stations, expressed
as the number of time zones (hours) east of GMT (referenced by WMO number). This
information may be used for converting observations at each U.S.S.R. station from GMT to
LMT.

+ STATION.HIS (File 15) contains information on rain gauge replacement dates and
information on the date, direction, and distance of any station relocations.
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+ USSRO1.DAT-USSR25.DAT (Files 16-40) contain the 6- and 3-hourly meteorological
observations from the 223 stations.
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Table 3. Size and format information for the NDP files

File number File size’ Logical Record
and description ‘ (kB) records length
1. NDPO048.DES: 118.70 2,524 80

Electronic version of Sects. 1-7
of this document. Describes
the database.

2. INVENT.FOR: 042 13 80
FORTRAN program for reading
station.inv.

3. GAPS.FOR: 0.22 10 80
FORTRAN program for reading
gaps.dat.

4. TIMEZONE.FOR: 022 9 80
FORTRAN program for reading
timezone.dat.

5. HISTORY.FOR: 036 11 80
FORTRAN program for reading
station.his.

6. DATA.FOR: 2.50 46 80
FORTRAN program for reading
ussr01.dat—ussr25.dat.

7. INVENT.SAS: 0.20 7 80
SAS® program for reading
station.inv.

8. GAPS.SAS: 0.11 6 80
SAS® program for reading
gaps.dat.

9. TIMEZONE.SAS: 0.12 6 80
SAS® program for reading
timezone.dat.

10. HISTORY.SAS: ‘ 0.18 7 80
SAS® program for reading
station.his.

11. DATA.SAS: 1.03 22 80

SAS® program for reading
ussr01.dat-ussr25.dat.

23




File number File size’ Logical Record
and description (kB) records length

12. STATION.INV: 16.06 223 71
contains station location data and
period of record information.
for each of the 223 stations.

13. GAPS.DAT: 5.20 200 25
contains information on gaps
in stations’ periods of record.

14. TIMEZONE.DAT: 2.00 223 8
contains time zone information
for each station. Used for
converting GMT to LMT.

15. STATION.HIS: 23.49 810 28
contains information on rain
gauge replacements and
station relocations.

16. USSRO1.DAT: 111,303 869,556 127
contains 6- and 3-hourly data
for stations 20674-22583

17. USSRO02.DAT: 103,086 805,364 127
contains 6- and 3-hourly data
for stations 22602-23219

18. USSRO3.DAT: 108,499 847,648 127
contains 6- and 3-hourly data
for stations 23405-23884

19. USSRO4.DAT: 113,609 887,572 127
contains 6- and 3-hourly data
for stations 23891-24641

20. USSROS.DAT: 112,037 875,296 127
contains 6- and 3-hourly data
for stations 24688-25173

21. USSRO06.DAT: 108,403 846,900 127
contains 6- and 3-hourly data
for stations 25551-26063

22. USSRO7.DAT: 99,049 773820 127

contains 6- and 3-hourly data
for stations 26188-26730

24




File number
and description

File size*
(kB)

Logical
records

Record
length

23.

26.

27.

28.

29.

30.

31.

32.

33,

34,

USSRO8.DAT:
contains 6- and 3-hourly data
for stations 2678127648

USSRO09.DAT:
contains 6- and 3-hourly data
for stations 27823-28440

USSR10.DAT:
contains 6- and 3-hourly data
for stations 28493-29263

USSR11.DAT:
contains 6- and 3-hourly data
for stations 29282-30054

USSR12.DAT:
contains 6- and 3-hourly data
for stations 30230-30692

USSR13.DAT:
contains 6- and 3-hourly data
for stations 30710-31088

USSR14.DAT:
contains 6- and 3-hourly data
for stations 31168-31594

USSR15.DAT:
contains 6- and 3-hourly data
for stations 31707-32098

USSR16.DAT:
contains 6- and 3-hourly data
for stations 32165-33377

USSR17.DAT:
contains 6- and 3-hourly data
for stations 33393-33915

USSR18.DAT:
contains 6- and 3-hourly data
for stations 33946-34300

USSR19.DAT:
contains 6- and 3-hourly data
for stations 3439135078

25

110,294

110,341

114,435

109,746

112,845

112,660

113,706

109,230

110,867

101,154

101,576

105,500

861,672

862,044

894,028

857,396

881,608

880,160

888,332

853,360

866,148

790,268

793,568

824,224

127

127

127

127

127

127

127

127

127

127

127

127




File number
and description

File size®
(kB)

Logical
records

Record
length

35.

36.

37.

38.

39.

40.

USSR20.DAT:
contains 6- and 3-hourly data
for stations 35108-35416

USSR21.DAT:
contains 6- and 3-hourly data
for stations 35542-36665

USSR22.DAT:
contains 6- and 3-hourly data
for stations 36729-37385

USSR23.DAT:
contains 6- and 3-hourly data
for stations 37472-38413

USSR24.DAT:
contains 6- and 3-hourly data
for stations 38457-38836

USSR25.DAT:
contains 6- and 3-hourly data
for stations 3888038987

114,889

116,835

112,486

111,924

113,595

87,210

897,572

912,780

878,804

874,412

887,468

681,332

127

127

127

127

127

127

“Actual size of files in non-compressed form. Files in CDIAC’s anonymous ftp area are compressed and are

~V4 this size.
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NDP048.DES (FILE 1)

This file provides a detailed description of the database. It is an electronic version of
Sects. 1-7 of this document (figures excluded).

INVENT.FOR (FILE 2)

This file contains the FORTRAN program to read station.inv (File 12). The following is
a listing of the program.

C FORTRAN program to read *"station.inv" (File 12)
C
INTEGER WMO, BMONTH, BYEAR, EMONTH, EYEAR
REAL LAT, LON, ELEV
CHARACTER NAME*25
OPEN (UNIT=1l, FILE=’'station.inv’)
10 READ (1,100,END=99)WMO, NAME, LAT, LON, ELEV, BMONTH,
* BYEAR, EMONTH, EYEAR
100 FORMAT (I5, 1X, A25, 1x, F5.2, 1x, F7.2, 1lx, F6.1, 4x,
* I2, 1x, T4, 1x, i2, 1x, i4)
GO TO 10
99 STOP
END

GAPS.FOR (FILE 3)

This file contains the FORTRAN program to read gaps.dat (File 13). The following is a
listing of the program.

C FORTRAN program to read "gaps.dat" (File 13)
C
INTEGER WMO
CHARACTER GAP*17
OPEN (UNIT=1, FILE='gaps.dat’)
10 READ (1,100,END=99)WMO, GAP
100 FORMAT (I5, 3X, Al7)
GO TO 10
99 STOP
END

TIMEZONE.FOR (FILE 4)

This file contains the FORTRAN program to read timezone.dat (File 14). The following
is a listing of the program.

C FORTRAN program to read "timezone.dat" (File 14)
C

INTEGER WMO, ZONE
OPEN (UNIT=1l, FILE='timezone.dat’)
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10 READ (1,100,END=99)WMO, ZONE
100 FORMAT (I5, 1X, I2)
GO TO 10
99 STOP
END

HISTORY.FOR (FILE 5)

This file contains the FORTRAN program to read station.his (File 15). The following is
a listing of the program.

C FORTRAN program to read "station.his" (File 15)
C
INTEGER WMO, YEAR, MONTH, DAY
CHARACTER TYPE*4, DIST*2, DIRECT*3
OPEN (UNIT=1l, FILE='station.his’)
10 READ (1,100,END=99) WMO, TYPE, YEAR, MONTH, DAY, DIST,

* DIRECT

100 FORMAT (I5, 1X, a4, 1Xx, a4, 1X, 12, 1X, I2, 1X, A2, 1X, A3)
GO TO 10 :

99 STOP
END

DATA.FOR (FILE 6)

This file contains a FORTRAN program for reading any of the U.S.S.R. 6- and 3-hourly
data files (ussr01.dat-ussr25.dat; Files 16-40).

C FORTRAN program to read the USSR 6- and 3-hourly data files

C

INTEGER WMO,YEAR, MONTH, DAY, HOUR, RH, RHQF, VAPORP,VAPQF,
SLP, SLPQF, HDEF, HDEFQF, PCHR, PCHRQF, PTND,

PTNDQF, VIS, VISCF, VISQF, HCLD, HCLDCF, HCLDQF, TDEW,
TDEWQF, GRND, GRNDQF, TCLD, TCLDCF, TCLDQF, LCLD, LCLDCF,
LCLDQF, WDIR, WDIRQF, WSPD, WSPDQF, PRCP, PRCPCF, PRCPQF,
STAP, STAPQF, SOILT, SOILQF, W, WCF, WQF, WW, WWQF, AIRT,
AIRTQF, APHl1, APHICF, APH1QF, APH2, APH2CF, APH2QF, APH3,
APH3CF, APH3QF, APH4, APHACF, APH4QF, APHS5, APHSCF,
APHS5QF, APH6, APH6CF, APH6QF, APH7, APH7CF, APH7QF, CLDH,
CLDHCF, CLDHQF, CLDM, CLDMQF, CLDL1l, CLDL1F, CLDL2,
CLDL2F, CLDL3, CLDL3F, WIR, WIRF

OPEN (UNIT=1, FILE=‘ussr0l.dat’)

10 READ(1,100, END=99)WMO, YEAR, MONTH, DAY, HOUR, RH, RHQF, VAPORP,
VAPQF, SLP, SLPQF, HDEF, HDEFQF, PCHR, PCHRQF, PTND,
PTNDQF, VIS, VISCF, VISQF, HCLD, HCLDCF, HCLDQF,

TDEW, TDEWQF, GRND, GRNDQF, TCLD, TCLDCF, TCLDQF, LCLD,
LCLDCF, LCLDQF, WDIR, WDIRQF, WSPD, WSPDQF, PRCP, PRCPCF,
PRCPQF, STAP, STAPQF, SOILT, SOILQF, W, WCF, WQF, WW,
WWQF, AIRT, AIRTQF, APHl, APHICF, APHIQF, APH2, APH2CF,
APH2QF, APH3, APH3CF, APH3QF, APH4, APHACF, APH4QF, APHS5,
APHS5CF, APHSQF, APH6, APH6CF, APH6QF, APH7, APH7CF,
APH7QF, CLDH, CLDHCF, CLDHQF, CLDM, CLDMQF, CLDL1l, CLDL1F,

* % N ¥ % ¥ % * % %

* % * % X ¥ * ¥ %
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* CLDL2, CLDL2F, CLDL3, CLDL3F, WIR, WIRF
100 ForMAT (I5, I3, 312, 2(13,I11), 15, Ii, I3, 3I1, 13, I1, I2,
* 211, 12, 211, I3, 311, 2(I2,2I11), 2(I2,I1), I4, 2I1, I5,
* T1, I3, 411, 12, TI1, I4, 35I1)
GO TO 10
99 STOP
END

INVENT.SAS (FILE 7)

This file contains the SAS®program to read station.inv (File 12). The following is a
listing of the program. ’

* SAS program to read "station.inv" (File 12);

* .

DATA INVENT;

INFILE ‘station.inv’;

INPUT WMO 1-5 NAME § 7-31 LAT 33-37 LON 39-45 ELEV 47-52
BMONTH 57-58 BYEAR 60-63 EMONTH 65-66 EYEAR 68-71;

RUN;

GAPS.SAS (FILE 8)

This file contains the SAS® program to read gaps.dat (File 13). The following is a listing
of the program.

* SAS program to read "gaps.dat" (File 13);
* e

DATA GAPS;

INFILE ‘gaps.dat’;

INPUT WMO 1-5 GAP § 9-25;

ROUN;

TIMEZONE.SAS (FILE 9)

This file contains the SAS® program to read timezone.dat (File 14). The following is a
listing of the program.

* SAS program to read "timezone.dat" (File 14);
* o :

DATA ZONES;

INFILE ‘timezone.dat’;

INPUT WMO 1-5 ZONE 7-8;

RUN;

HISTORY.SAS (FILE 10)
This file contains the SAS® program to read station.his (File 15). The following is a
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listing of the program.

* SAS program to read "station.his" (File 15);

* o

DATA HIST;

INFILE ‘station.his’;

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

RUN;

DATA.SAS (FILE 11)

This file contains a SAS® program (listed below) for reading any of the U.S.S.R. 6- and
3-hourly data files (ussr01.dat-ussr25.dat; Files 16-40).

* SAS program to read "ussr0l.dat" (File 15);

* o

DATA USSR;

INFILE ‘ussr0l.dat’;

INPUT WMO 1-5 YEAR 6-8 MONTH 9-10 DAY 11-12 HOUR 13-14
RH 15-17 RHQF 18 VAPORP 19-21 VAPQF 22
SLP 23-27 SLPQF 28 HDEF 29-31 HDEFQF 32
PCHR 33 PCHRQF 34 PTND 35-37 PTNDQF 38
VIS 39-40 VISCF 41 VISQF 42 HCLD 43-44 HCLDCF 45
HCLDQF 46 TDEW 47-49 TDEWQF 50 GRND 51 GRNDQF 52
TCLD 53-~54 TCLDCF 55 TCLDQF 56 LCLD 57-58 LCLDCF 59
LCLDQF 60 WDIR 61-62 WDIRQF 63 WSPD 64-65 WSPDQF 66
PRCP 67-70 PRCPCF 71 PRCPQF 72 STAP 73-77 STAPQF 78
SOILT 79-81 SOILQF 82 W 83 WCF 84 WQF 85 WW 86-87 WWQF 88
AIRT 89-92 AIRTQF 93 APH1 94 APHICF 95 APHIQF 96
APH2 97 APH2CF 98 APH2QF 99 APH3 100 APH3CF 101 APH3QF 102
APH4 103 APHACF 104 APH4QF 105 APH5 106 APHSCF 107
APHS5QF 108 APH6 109 APH6CF 110 APH6QF 111 APH7 112
APH7CF 113 APH7QF 114 CLDH 115 CLDHCF 116 CLDHQF 117
CLDM 118 CLDMQF 119 CLDL1l 120 CLDL1F 121 CLDL2 122
CLDL2F 123 CLDL3 124 CLDL3F 125 WIR 126 WIRF 127;

RUN;

STATION.INYV (FILE 12)

This file contains the WMO number, name, latitude, longitude, elevation, beginning
month and year of record, and ending month and year of record for each of the 223 stations.
Stated in tabular form, the contents include
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Variable Variable

Variable : type width

WMO Numeric 5

NAME Character 25

LAT Numeric b

LON Numeric 7

ELEV Numeric 6

BMONTH Numeric 2

BYEAR Numeric 4

EMONTH Numeric 2

EYEAR Numeric 4

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 north;
LON is the longitude of the station in decimal degrees east;
ELEV is the elevation of the station above sea level (meters)—missing elevations

are coded as -999.9;
BMONTH is the beginning month of the station’s period of record;
BYEAR is the beginning year of the station’s period of record;
EMONTH is the ending month of the station’s period of record; and

EYEAR is the ending year of the station’s period of record.

GAPS.DAT (FILE 13)

This file contains information on stations that have at least one gap at least one month in
duration at any time during their period of record. There are only two variables in the file:
WMO (WMO station number, a numeric variable in columns 1-5) and GAP (month/year with
no data or the range of months/years with no data, a character variable in columns 9-25).

31




TIMEZONE.DAT (FILE 14)

This file contains information for converting observations at each U.S.S.R. station from
GMT to LMT. There are only two variables in the file: WMO (WMO station number, a
numeric variable in columns 1-5) and ZONE (the number of hours that must be added to the
GMT of an observation at that particular station to attain the LMT of the observation, a
numeric variable in columns 7-8 ranging from 3 to 13 h).

STATION.HIS (FILE 15)

This file contains information on rain gauge replacement dates and information on the
date, direction, and distance of any station relocations. 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. Stated in tabular form, the contents include

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
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. When this type of entry is used, 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
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MONTH

DAY

DIST

DIRECT

relocation. If a station never moved, then that station will
have only one MOVE entry; in this entry, YEAR,
MONTH, DAY, DIST, and DIRECT (described below) are
all coded as missing. In other words, if a station has only
one MOVE entry, and if all variables in that MOVE entry
‘are coded as missing, then the given station never moved;

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

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

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

is the distance (km) that the station was moved. Missing distances are
coded as -9. A distance of zero indicates that the station moved less than
1 km. 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; and

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.

USSR01.DAT-USSR25.DAT (Files 16-40)

These files contain the 6- and 3-hourly meteorological observations from the 223 stations.
The date and time in all data records correspond with GMT. Stated in tabular form, the
contents include the following numeric variables

Variable Starting Ending
Variable width column column
WMO 5 1 5
YEAR 3 6 8
MONTH 2 9 10
DAY 2 11 12
HOUR 2 13 14
RH 3 15 17
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Variable

Variable
width

column

RHQF
VAPORP
VAPQF
SLP
SLPQF
HDEF
HDEFQF
PCHR
PCHRQF
PTND
PTNDQF
VIS
VISCF
VISQF
HCLD
HCLDCF
HCLDQF
TDEW
TDEWQF
GRND
GRNDQF
TCLD
TCLDCF
TCLDQF
LCLD
LCLDCF
LCLDQF
WDIR
WDIRQF
WSPD
WSPDQF
PRCP
PRCPCF
PRCPQF
STAP
STAPQF
SOILT
SOILQF
W

WCF
WQF
wWW

[ Y S N O e W N T S O O B N R el v B N O T B S R o B R L B TS TR B S

18
19
22
23
28
29
32
33
34
35
38
39
41
42
43
45
46
47
50
51
52
53
55
56
57
59
60
61
63
64
66
67
71
72
73
78
79
82
83
84
85
86



Variable

Variable
width

WWQF
AIRT
AIRTQF
APHI1
APHICF
APHIQF
APH2
APH2CF
APH2QF
APH3
APH3CF
APH3QF
APH4
APHACF
APHAQF
APHS
APH5CF
APH5QF
APH6
APH6CF
APH6QF
APH7
APHTCF
APHT7QF
CLDH
CLDHCF
CLDHQF
CLDM
CLDMQF
CLDL1
CLDLIF
CLDL2
CLDL2F
CLDL3
CLDL3F
WIR
WIRF

T e e e L e e e N N e e e e e el e e el e e s - L
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WMO

MONTH
DAY
HOUR

RH

RHQF

VAPORP

VAPQF

SLP

SLPQF

HDEF

HDEFQF

is the WMO number of the station;

is the year (Greenwich) of the observations in the record;
is the month (Greenwich) of the observations in the record;
is the day (Greenwich) of the observations in the record;

is the GMT of the observations in the record;

is the relative humidity of the air (expressed in percent) as determined by
use of a psychrometer. Relative humidity is defined as the ratio of the
observed vapor pressure to the saturation vapor pressure for the observed
air temperature. Values of observations may range from 0 to 100%.
Missing observations are coded as 999;

is the quality flag for the relative humidity observation (0 indicates a valid
observation; 9 indicates a suspect or missing observation);

is the water vapor pressure of the air [expressed in tenths of hectopascals
(hPa)] as determined by use of a psychrometer. The water vapor pressure
is the partial pressure of the water vapor contained in the air. Values of
observations considered valid may range from 0.0 to 95.0 hPa. Missing
observations are coded as 999;

is the quality flag for the water vapor pressure observation (0 indicates a
valid observation; 9 indicates a suspect or missing observation);

is the sea level pressure of the air (expressed in tenths of hPa) as
determined by use of a barometer. Because a station would rarely be able
to position a barometer precisely at sea level, the air pressure measured at
a station is “reduced” to sea level by using a standard barometric height
formula. Values of observations considered valid may range from 900.0 to
1100.0 hPa. At stations located above a certain elevation (500 m through
1980; 800 m since 1981), air pressure is not reduced to sea level, but is
assigned the missing code 99999;

is the quality flag for the sea level pressure observation (0 indicates a valid
observation; 9 indicates a suspect or missing observation);

is the humidity deficit (saturation deficiency); the difference between the
saturation vapor pressure and the actual water vapor pressure at a given
temperature and pressure as measured in tenths of hPa. Valid values may
range from 0.0 to 95.0 hPa. Missing observations are coded as 999;

is the quality flag for the humidity deficit observation (0 indicates a valid
observation; 9 indicates a suspect or missing observation);
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PCHR

PCHRQF

PTND

PTNDQF

VIS

is the pressure tendency characteristic, corresponding to the shape of the
barograph trace of air pressure at the station for the preceding 3-h period.
This is a coded value ranging from 0 to 8, as explained below (a missing
value is coded as 9):

0 = increasing, then decreasing; pressure unchanged or higher than
3 h ago;

1 = increasing, then steady; increasing, then weaker increase;
current pressure is higher than 3 h ago;

2 = uniform or non-uniform increase; current pressure is higher
than 3 h ago;

3 = decreasing, then increasing; steady, then increasing; or

increasing, then increasing more rapidly; current pressure is
higher than 3 h ago;;

4 = steady; pressure is the same as 3 h ago;

5 = decreasing, then increasing; pressure is the same or lower than
3 h ago;

6 = decreasing, then steady; or decreasing then decreasing more
slowly; current pressure is lower than 3 h ago;

7 = decreasing steadily or unsteadily; current pressure is lower than
3 h ago;

8 = increasing, then decreasing; steady, then decreasing; or

decreasing, then decreasing more quickly; current pressure is
Iower than 3 h ago;

is the quality flag for the pressure tendency characteristic (0 indicates a
valid observation; 9 indicates a suspect or missing observation);

is the pressure tendency value (i.e., the absolute difference between the
current air pressure at the station and that which was observed 3 h before).
The sign of PTND is indicated by the value of PCHR: if PCHR is equal to
0, 1, 2, or 3, then PTND is positive; if PCHR is equal to 4 then PTND
should equal O; and, if PCHR is equal to §, 6, 7, or 8, then PTND is
negative. Values are given in tenths of hPa; observations considered valid
may range from 0.0 to 20.0 hPa, and a missing observation is coded as
999);

is the quality flag for the pressure tendency value (0 indicates a valid
observation; 9 indicates a suspect or missing observation);

is the horizontal visibility, given as a coded value indicating distance in
km. The horizontal visibility is defined as the maximum distance at which
an absolutely black body of rather large angular dimensions (over 15
angular min) can be distinguished against the background of the sky in
daylight, or the distance at which an unfocused light source of a given
intensity becomes indistinguishable at night. Horizontal visibility depends
on atmospheric phenomena. Thus, in the fog it can be reduced to zero,
while in clear arctic air it can reach hundreds of kilometers. Coded values
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VISCF

VISQF

HCLD

may range from 00 to 50 and from 56 to 99. Codes 00-50 and 56-89 are
used when visibility is measured using instruments; codes 90-99 are used
when visibility is estimated visually. The codes and their meanings are as
follows:

00-50 = indicates visibility in tenths of km (i.e., 0.0 km to 5.0 km).
For example, 25 = 2.5 km (00 is the code for visibility less
than 0.1 km);

51-55 = not used;

56-80 = the range 6 km to 30 km. Visibility in whole kilometers
may be determined by subtracting 50 from the code, e.g., a
code of 65 indicates the visibility is 15 km;

81 = 35 km;

82 = 40 km;

83 = 45 km;

84 = 50 km;

85 = 55 km;

86 = 60 km;

87 = 65 km;

88 = 70 km;

89 = >70 km;

90 = <0.05 km;

91 = 0.05 km;

92 = 0.2 km;

93 = 0.5 km;

94 = 1 km (about 1/2 mile);

95 = 2 km (about 1 mile);

96 = 4km (about 2 miles);

97 = 10 km (about 6 miles);

98 = 20 km (about 12 miles); and

99 = >50 km (>30 miles).

If VIS = 99 with both the complement and quality flags set to 9 (see
below), the observation is missing.

is the horizontal visibility complement flag. VISCF = 0 indicates the
visibility corresponds to the value given for VIS; VISCF = 1 indicates the
visibility is actually greater than the value given for VIS; VISCF = 9
indicates a suspect or missing observation;

is the quality flag for the horizontal visibility value (0 indicates a valid
observation; 9 indicates a suspect or missing observation);

is the height above ground of the base of the lowest cloud. This height is
usually coded in hundreds of meters, as detailed in the following:

00
01-25

< 50 m with fog present;
100 m to 2500 m, e.g., 10 = 1000 m;
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HCLDCF

HCLDQF

TDEW

TDEWQF

GRND

GRNDQF

98 = 1o clouds below 2500 m, however there may be mid- or
high-level clouds whose height has not been determined,;

99 = 1o clouds or traces of clouds whose height has not been
determined; or observation is missing if both complement
and quality flags are set to 9 (see below);

is the complement flag for the lowest cloud height observation. A value of
0 means the height was measured using instrumentation; a value of 1
indicates the height was estimated visually. This flag is set to 9 in the
case of a suspect or missing observation;

is the quality flag for the lowest cloud height observation (0 indicates a
valid observation; 9 indicates a suspect or missing observation);

is the dew point temperature in whole degrees celsius. The dew point
temperature is defined as the temperature to which moist air must be
cooled, with air pressure and water vapor pressure held constant, in order
that it just reach saturation with respect to the water in the air. The dew
point is determined by using a psychrometer. Observations considered
valid may range from -70° to +40°C. Missing observations are coded as
999;

is the quality flag for the dew point temperature (0 indicates a valid
observation; 9 indicates a suspect or missing observation);

is the ground state, a visual observation of the state of the ground surface
in the vicinity of the station made usually near 0800 and 2000 LMT. This
is a coded value as detailed in the following:

0 = surface of ground dry (no appreciable amount of dust or loose
sand);

1 = surface of ground moist (no pools);

2 = surface of ground wet (standing water in small or large pools
on surface);

3 = surface of ground frozen;

4 = glaze on ground, but no snow or melting snow;

5 = ice, snow, or melting snow covering less than one-half of the
ground;

6 = ice, snow, or melting snow covering more than one-half of the
ground;

7 = ice, snow, or melting snow covering ground completely;

8 = loose dry snow, dust, or sand covering more than one-half of
the ground;

9 = loose dry snow, dust, or sand covering ground completely (if

GRNDQF = 0; otherwise, the observation is missing);

is the quality flag for the ground state observation (O indicates a valid
observation; 9 indicates a suspect or missing observation);
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TCLD

TCLDCF

TCLDQF

LCLD

LCLDCF

LCLDQF

WDIR

is the total cloud amount, estimated visually by an observer according to a
10-point system (i.e., in tenths of sky cover). A value of 0 indicates no
clouds present or <1/10 sky cover, a value of 10 indicates an overcast sky
(with or without gaps amounting to <1/10 sky cover; see explanation of
complement flag below), and a value of 99 indicates a missing
observation. The gaps between individual cloud elements, typical of some
cloud genera (e.g., altocumulus and stratocumulus) are not to be included
as part of the total cloud cover estimate (i.e., they are counted as clear
sky);

is the total cloud amount complement flag. TCLDCF = 1 is used if
10-point cloudiness (overcast) is observed with gaps; TCLDCF = 0 is
coded for all other valid cloud amounts; and TCLDCF = 9 indicates a
suspect or missing observation;

is the quality flag for the total cloud amount observation (0 indicates a
valid observation; 9 indicates a suspect or missing observation);

is the low-cloud amount, estimated visually by an observer according to a
10-point system (i.e., in tenths of sky cover). A value of 0 indicates no
low clouds present or <1/10 of the sky is covered with low clouds. The
gaps between individual cloud elements, typical of some cloud genera
(e.g., stratocumulus and cumulus) are not to be included as part of the low
cloud cover estimate (i.e., they are counted as clear sky). Missing
observations are coded as 99;

is the low-cloud amount complement flag. TCLDCF = 1 is used if
10-point cloudiness (overcast) is observed with gaps; TCLDCF = 0 is
coded for all other valid low-cloud amounts; and TCLDCF = 9 indicates a
suspect or missing observation;

is the quality flag for the total cloud amount observation (0 indicates a
valid observation; 9 indicates a suspect or missing observation);

is the direction from which the wind is blowing, as measured 10-12 m
above ground level. This is a coded observation, the values for which are
given as follows:

Code Wind direction
00 = calm winds

02 = NNE

05 = NE

07 = ENE

09 = E

11 = ESE

14 = SE

16 = SSE

18 = S
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WDIRQF

WSPD

WSPDQF

PRCP

PRCPCF

20 = SSw

23 = SwW

25 = WSW

27 = w

29 = WNW

32 = NwW

34 = NNW

36 = N

99 = variable winds (if WDIRQF = 0; otherwise, the

observation is missing);

is the quality flag for the wind direction observation (0 indicates a valid
observation; 9 indicates a suspect or missing observation). Missing
observations are coded as 99;

is the wind speed in m/s as measured 10-12 m above ground level.
Observations considered valid may range from O to 60 m/s;

is the quality flag for the wind speed observation (0 indicates a valid
observation; 9 indicates a suspect or missing observation);

is the precipitation amount to the nearest tenth of a millimeter.
Observations considered valid may range from 0 to 5000 (0 mm to 500
mm). Missing observations are coded as 999. Rain gauges are positioned
2 m above ground level, and were read at 0700 and 1900 LMT from 1936
through 1965. In 1946, the old-style gauge (exact type unknown) was
replaced with the Tretyakov-type gauge (see Appendix A for the date of
implementation at each site). Beginning in 1966, gauges were read 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
0000, 0300, 1200, and 1500 MLT in zones 9-11; and at 2100, 0300, 0900,
and 1500 MLT in zone 12. Also, beginning in 1966, wetting corrections
of <0.2 mm were applied to each hourly measurement. (Because four
observations per day were collected at stations in time zones 2-5 and
9-12, four corrections were counted in the calculation of daily totals;
therefore, total daily corrections are higher for stations in these areas.)
From 1966 onward, readings at some stations were also taken at the
observing hours closest to 0800 and 2000 LMT. Beginning in 1986,
readings at 0300 and 1500 MLT were discontinued at all stations except
those in time zone 2. (The term “time zone” in the preceding corresponds
to assigning the numbers 1-12 to 12 time zones stretching from west to
east across the former U.S.S.R. The time zone of each station in this
sense may be obtained by subtracting 1 from the value of the ZONE
variable in the file TIMEZONE.DAT.)

is the precipitation amount complement flag. It is set to 1 if a trace of
precipitation has been measured, i.e., <0.1 mm. This flag is set to O for all
other valid precipitation observations, and is set to 9 for suspect or missing
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precipitation observations;

PRCPQF is the quality flag for the precipitation amount (0 indicates a valid
observation; 9 indicates a suspect or missing observation);

STAP is the pressure of the air at station level (expressed in tenths of hPa) as
determined by use of a barometer. Values of observations considered valid
may range from 600.0 to 1100.0 hPa. Validity is of course assessed by
considering the station’s elevation above sea level. Missing observations
are coded as 99999,

SLPQF is the quality flag for the station level pressure observation (0 indicates a
valid observation; 9 indicates a suspect or missing observation);

SOILT is the soil surface temperature, expressed in whole degrees celsius. Soil
surface temperature is measured at a smooth, unshaded site that is devoid
of vegetation. When the ground is snow-covered, the thermometer is
placed on the snow surface and the temperature of the snow cover is
measured. Observations considered valid may range from -75 to +75°C.
Missing observations are coded as 999;

SOILQF is the quality flag for the soil surface temperature (0 indicates a valid
observation; 9 indicates a suspect or missing observation);

w is the past weather code, used in describing the meteorological conditions
observed between the past and current observations. At 0000, 0600, 1200,
and 1800 GMT this code describes weather from the previous 6-hour
period; at 0300, 0900, 1500, and 2100 GMT it describes weather for the
previous 3-hour period. The codes and their meanings are as follows:

clear sky or no more than 5/10s cloud amount;

variable sky; cloud amount was both less than and greater than
5/10 sky cover during the preceding three hours;
overcast or cloud amount greater than 5/10s;

sand or dust storm, or drifting or blowing snow;

fog, ice fog, or thick haze or smoke;

drizzle;

rain;

snow, or rain and snow mixed;

shower(s);

thunderstorm, with or without precipitation (if WQF = 0;
otherwise, the observation is missing);

0
1

How non

O oo~ N A Wi

WCF is the past weather complement flag. It is set to O when used with the
previously defined past weather codes, however it is set to 1 for past
weather codes 3, 7, and 8 if the past weather also included a snowstorm.
The complement flag is set to 9 in the case of a suspect or missing past
weather observation;
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WQF

wWWwW

is the quality flag for the past weather observation (0 indicates a valid
observation; 9 indicates a suspect or missing observation);

is the present weather code, reflecting the meteorological conditions at the
time of observation or during the preceding 1-h period. Codes range from
00 to 99 and are defined as follows:

Code

00-19

Present weather

no precipitation, fog, dust storm, sandstorm, drifting or
blowing snow at the station at the time of observation
and, except for codes 09 and 17, during preceding
hour;

cloud development conditions unknown;

cloud generally dispersing;

state of sky on the whole unchanged;

clouds generally forming or developing;

visibility reduced by smoke or volcanic ash;

haze;

widespread dust in suspension in the air;

dust or sand raised by wind at or near the station at the
time of observation;

well developed dust whirl(s) seen at or near the station;
dust storm within sight;

mist, steam mist (light fog);

patches of shallow fog, or, from 1966 onward, ice fog;
more or less continuous shallow fog, or, from 1966
onward, ice fog;

lightning visible, no thunder heard;

precipitation within sight, not reaching the ground;
precipitation within sight, reaching the ground or the
surface of the sea, but distant (i.e., estimated to be
more than 5 km from the station);

precipitation within sight, reaching the ground or the
surface of the sea, near to, but not at the station;
thunderstorm, but no precipitation at the station or
within sight;

squall;

funnel cloud;

precipitation, fog, ice fog, or thunderstorm at the
station during the preceding hour but not at the time of
the observation;

drizzle or snow grains;
rain;
Snow;
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23
24
25
26
27
28
29

30-39

30
31

32
33
34

35
36
37
38
39

4049

40
41
42
43

45

46
47
48
49

50-59

50
51
52
53
54
55
56

monon

I ]

i

rain and snow or ice pellets;

freezing drizzle or freezing rain;
showers of rain;

showers of snow, or of rain and snow;
shower of hail, or ice pellets;

fog or ice fog;

thunderstorm;

dust storm or sandstorm, drifting or blowing snow at
the time of observation;

slight or moderate dust storm or sandstorm subsiding;
slight or moderate dust storm or sandstorm, no
appreciable change during the preceding hour—;

slight or moderate dust storm or sandstorm, increasing;
severe dust storm or sandstorm, decreasing;

severe dust storm or sandstorm with no appreciable
change;

severe dust storm or sandstorm, increasing;

slight or moderate drifting snow;

heavy drifting snow;

slight or moderate blowing snow;

heavy blowing snow;

fog or ice fog at the time of observation;

fog or ice fog near the station;

fog or ice fog in patches;

fog or ice fog decreasing, sky discernible;

fog or ice fog decreasing, sky not discemible;

fog, or, from 1966 onward, ice fog; sky discernible; no
appreciable change;

fog, or, from 1966 onward, ice fog; sky not
discernible; no appreciable change;

fog or ice fog, sky discernible, becoming thicker;
fog or ice fog, sky not discernible, becoming thicker;
fog, depositing rime, sky discemible;

fog, depositing rime, sky not discernible;

drizzle at the station at the time of observation;

drizzle intermittent, slight at time of observation;
drizzle continuous, slight at time of observation;
drizzle intermittent, moderate at time of observation;
drizzle continuous, moderate at time of observation;
drizzle intermittent, heavy at time of observation;
drizzle continuous, heavy at time of observation;
drizzle, freezing, slight;
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57
58
59

60-69

60
61
62
63

65
66
67
68
69

70-79

70
71
72
73
74
75

drizzle, freezing, heavy;
drizzle and rain, moderate or heavy;
drizzle and rain, moderate or heavy;

rain at the station at the time of observation;

rain intermittent, slight;

rain continuous, slight;

rain intermittent, moderate;

rain continuous, moderate;

rain intermittent, heavy;

rain continuous, heavy;

rain, freezing, slight;

rain, freezing, moderate or heavy;

rain or drizzle and snow, slight;

rain or drizzle and snow, moderate or heavy;

solid precipitation not in showers at the time of
observation;

intermittent fall of snow flakes, slight;
continuous fall of snow flakes, slight;
intermittent fall of snow flakes, moderate;
continuous fall of snow flakes, moderate;
intermittent fall of snow flakes, heavy;
continuous fall of snow flakes, heavy;
diamond dust;

SNow grains;

isolated starlike snow crystals;

ice pellets;

showery precipitation at the time of observation;

rain shower(s), slight;

rain shower(s), moderate or heavy;

rain shower(s), violent;

shower(s) of rain and snow mixed, slight;

shower(s) of rain and snow mixed, moderate or heavy;
snow shower(s), slight;

snow shower(s), moderate or heavy;

shower(s) of snow pellets or small hail, slight;
shower(s) of snow pellets or small hail, moderate or
heavy;

shower(s) of hail, slight;

shower(s) of hail, moderate or heavy;

thunderstorm during the preceding hour or at the time

-of observation;
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AIRTQF

APH1-APH7

slight rain at time of observation, thunderstorm during
the preceding hour;

moderate or heavy rain at time of observation,
thunderstorm during the preceding hour;

slight snow or hail at the time of observation,
thunderstorm during the preceding hour;

moderate or heavy snow or hail at the time of
observation, thunderstorm during preceding hour;
thunderstorm, slight or moderate with rain and/or snow
at the time of observation;

thunderstorm, slight or moderate with hail at the time
of observation;

thunderstorm, heavy, with rain or snow at time of
observation;

thunderstorm, combined with dust storm or sandstorm
at time of observation;

thunderstorm, heavy, with hail at the time of
observation (if WWQF = 0; otherwise, the observation
is missing);

is the quality flag for the present weather observation (0 indicates a valid
observation; 9 indicates a suspect or missing observation);

is the air temperature (tenths of degrees celsius), measured 2m above
ground or snow surface level. Observations considered valid may range
from -70.0° to +55.0°C. Missing observations are coded as 9999;

is the quality flag for air temperature (0 indicates a valid observation; 9
indicates a suspect or missing observation);

are seven atmospheric phenomena groups, used for reporting various
atmospheric phenomena during the ten minutes preceding the observation
hour. These phenomena are observed visually, as are estimates of their
intensity. Atmospheric phenomena intensity can be weak, moderate or
strong. The phenomena are described by means of codes that are
particular to each of the seven groups. A coded value of O indicates that
atmospheric phenomena were not observed at the time of observation.
Additional codes and their meanings are as follows:

APH1 group:

1 not used;

2 not used;

3 dew;

4 rime;

5 crystalline frost; grain frost;

6 glazed frost;

7 rime and crystalline frost;

8 rime and glazed frost;

9 crystalline frost and glazed frost;
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APH2 group:

APH3 group:

APH4 group:

APHS group:

APH6 group:

[ouvy

O o0~ H W

(SN ) — OO0 ~NANWN A WN -

O oo~ nhs~

OO0 -1 O\ N e

1
2
3
4

not used before 1966, from 1966 onward: snow
haze;

haze;

mist;

ground fog;

crystalline fog, sky visible;

ice fog;

fog, sky visible;

fog;

not used before 1966, from 1966 onward: shallow
ice fog;

drifting dust;
funnel cloud;
dust storm;
whirl;

drifting snow;
blowing snow;
blizzard;

snow storm;
not used;

before 1966: corona around sun/moon; not used
from 1966 onward;

sunshine;

before 1966: halo around sun/moon; not used from
1966 onward;

snow grains and sunshine;

snow pellets and sunshine;

SNOw grains;

snow pellets;

ice pellets;

ice pellets and sunshine;

not used;

glazed rain;

drizzle;

rain;

rain shower;

glazed rain, rain;

glazed rain, rain shower;
not used;

not used;

not used;
mirage;

ice needles;
snow melting;
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APHICF-
APH7CF

APHI1QF-
APHTQF

CLDH

= snow melting shower;
not used;

SNow;

snow shower;

not used;

It

\O 00 1 O\
o

APH?7 group: not used;
sea soaring (lake or river soaring);
polar lights;
sea soaring and polar lights;
summer lightming;
before 1966, thunderstorm in the distance; not used
from 1966 onward;
thunderstorm;
- 8 = hail
9 = thunderstorm and hail;

I au

]

are the corresponding complement flags for the seven atmospheric
phenomena groups. These flags are used to denote whether or not an
observation has been made, and if so, to denote the intensity of the
phenomena. A complement flag of 0 accompanying an atmospheric
phenomena code of 0 means none of the phenomena in a particular group
have been observed. When accompanying a nonzero phenomena code, a
complement flag of O denotes phenomena of weak intensity, 1 denotes
moderate intensity, and 2 denotes strong intensity. A complement flag of
9, when accompanied by a quality flag of 9 (see below) indicates a suspect
or missing observation;

are quality flags for the seven atmospheric phenomena groups (0 indicates
a valid observation; 9 indicates a suspect or missing observation);

is the coded value for the high-level cloud type. High clouds are defined
as those with bases higher than 6000 m and include cirrus (Ci),
cirrocumulus (Cc), and cirrostratus (Cs) clouds. Codes have the following
meanings:

0 = cloud type is not indicated, but low- or mid-level clouds
observed, with total cloud amount ranging anywhere from 1/10
to overcast with gaps; high-level clouds are absent or amount
to less than 1/10 sky cover;

Ci;

Cc;

Cs;

Ci and Cc;

Ci and Cs;

Cc and Cs;

Ci, Cc, and Cs;

= high cloud presence and type cannot be determined because of

]

0 1NN B W -
I
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CLDHCF

CLDHQF

CLDM

CLDMOQF

CLDL1

continuous fog or snowstorm; or high-level cloud presence and
type cannot be determined because of overcast conditions at
lower levels;

9 = complete absence of clouds or, in the case of translucent fog,
clear in the zenith (if CLDHQF =0; otherwise the observation
is missing);

is the high-level cloud type complement flag. It is set to 0 when the
high-level cloud type has been determined with no fog present; set to 1
when the high-level cloud type has been determined with translucent fog
or when the high-level cloud type cannot be determined because of
continuous fog; and set to 9 if the high-level cloud type is suspect or
missing.

is the high-level cloud type quality flag (0 indicates a valid observation; 9
indicates a suspect or missing observation);

is the coded value for the mid-level cloud type. Mid-level clouds are
defined as those with bases between 2000 m and 6000 m; they include
altocumulus (Ac) and altostratus (As) clouds. Codes have the following
meanings:

0 = cloud type is not indicated, but high-level clouds (amount

ranging from 1/10 to overcast) and/or low-level clouds (amount

ranging from 1/10 to overcast with gaps) observed; mid-level

clouds are absent or amount to less than 1/10 sky cover,

Ac;

As;

not used;

Ac and As;

not used;

mid-level cloud presence and type cannot be determined due to

fog or snowstorm; or mid-level cloud presence and type cannot

be determined because of overcast at lower levels;

9 = complete absence of clouds or, in the case of translucent fog,
clear in the zenith (if CLDMQF =0; otherwise the observation
is missing);

is the mid-level cloud type quality flag (O indicates a valid observation; 9
indicates a suspect or missing observation);

is the first of three code groups for describing low-level cloud type.
Low-level clouds are defined as those with bases lower than 2000 m; they
include stratocumulus (Sc), stratus (St), nimbostratus (Ns), cumulus (Cu),
and cumulonimbus (Cb) clouds. Codes have the following meanings:

0 = cloud type is not indicated, but high- or mid-level clouds
observed, with total cloud amount ranging anywhere from 1/10
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CLDLIF

CLDL2

CLDL2F

CLDL3

to overcast; low-level clouds of the CLDL1 group (see below)
are absent or amount to less than 1/10 sky cover;

Cuy;

Cb;

not used;

Cu and Cb;

not used;

low-level cloud presence and type cannot be determined due to
fog or snowstorm;

complete absence of clouds or, in the case of translucent fog,
clear in the zenith (if CLDLI1F =0; otherwise the observation is
missing);

BN =
1l

5-7

oo

\O
I

is the low-level cloud type quality flag for the first low-level cloud group
(0 indicates a valid observation; 9 indicates a suspect or missing
observation);

is the second of three code groups for describing low-level cloud type.
Low-level clouds are defined as those with bases lower than 2000 m; they
include stratocumulus (Sc), stratus (St), nimbostratus (Ns), cumulus (Cu),
and cumulonimbus (Cb) clouds. Codes have the following meanings:

0 = cloud type is not indicated, but high- or mid-level clouds
observed, with total cloud amount ranging anywhere from 1/10
to overcast; low-level clouds of the CLDL?2 group (see below)
are absent or amount to less than 1/10 sky cover;

St;

Sc;

not used;

St and Sc;

not used;

low-level cloud presence and type cannot be determined due to
fog or snowstorm;

complete absence of clouds or, in the case of translucent fog,
clear in the zenith (if CLDL2F =0; otherwise the observation is
missing);

BN e

5-7

(=<}

o
I

is the low-level cloud type quality flag for the second low-level cloud
group. (0 indicates a valid observation; 9 indicates a suspect or missing
observation.);

is the third of three code groups for describing low-level cloud type.
Low-level clouds are defined as those with bases lower than 2000 m; they
include stratocumulus (Sc), stratus (St), nimbostratus (Ns), cumulus (Cu),
and cumulonimbus (Cb) clouds. Codes have the following meanings:

0 = cloud type is not indicated, but high- or mid-level clouds
observed, with total cloud amount ranging anywhere from 1/10
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CLDL3F

WIR

WIRF

to overcast; low-level clouds of the CLDL3 group (see below)
are absent or amount to less than 1/10 sky cover;
= not used;
Ns;
= fractostratus (Fs) and fractocumulus (Fc) of bad weather (also
known as scud);
4-5 = notused;
Ns and Frnb;
not used;
low-level cloud presence and type cannot be determined due to
fog or snowstorm;
9 = complete absence of clouds or, in the case of translucent fog,
clear in the zenith (if CLDL3F =0; otherwise the observation is
missing);

[N S I
]

o B = N
o

is the low-level cloud type quality flag for the third low-level cloud group
(0 indicates a valid observation; 9 indicates a suspect or missing
observation);

is the wind irregularity characteristic. It is a coded value used to describe
the wind speed as steady or gusty and the wind direction as constant or
variable. The wind is considered to be steady if its speed remains
essentially constant over the course of two minutes; otherwise it is
considered gusty. The wind direction is considered constant if over the
course of two minutes it varies within one compass point; otherwise it is
considered to be variable. Observations of this variable are only present in
the 6-hourly data records (i.e., in the pre-1966 data). The 3-hourly records
(1966 onward) contain a value of 9 to indicate missing data. For the pre-
1966 data, a value of 9 is also used to indicate a missing value. Codes for
observations have the following meanings:

no wind;

steady speed, constant direction;

steady, variable;

gusty, constant;

gusty, variable;

characteristic is not defined;

the wind speed and direction at this hour are considered
suspect.

AN LN -=O

is the wind irregularity characteristic quality flag (0 indicates a valid
observation; 9 indicates a suspect or missing observation).
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7. VERIFICATION OF DATA TRANSPORT

The data files contained in this NDP can be read by using the FORTRAN and SAS®
programs provided. Users should verify that the data have been correctly transported to their
systems by visually examining each data file, where practical. To facilitate the visual
inspection process, partial listings of each data file are provided in Tables 4-8. Each of these
tables contains the first five and last five records of the data file.

Table 4. Partial listing of the file station.inv (File 12)

First five records of the file:

20674 OSTROV DIKSON 73.50 80.40 42.0 01/1936 12/1984
20891 HATANGA 71.98 102.47 30.0 01/1936 12/1984
21946 COKURDAH 70.62 147.88 0.0 08/1944 12/1984
21982 OSTROV VRANGELJA 70.97 -178.37 2.0 01/1936 12/1984
22113 MURMANSK 68.97 33.05 57.0 01/1936 12/1984
Last five records of the file:
38927 TERMEZ 37.23 67.27 309.0 01/1936 12/1984
38933 KURGAN-TJUBE 37.82 68.78 427.0 01/1936 12/1984
38954 HOROG 37.50 71.50 2077.0 09/1936 12/1984
38974 SERAHS 36.53 61.22 275.0 01/1936 12/1984
0 01/1936 12/1984

38987 KUSKA 35.28 62.35 625.

Table 5. Partial listing of the file gaps.dat (File 13)

First five records of the file:

20891 07/1944 - 06/1946
21946 08/1947 - 09/1947
21982 10/1943
22602 03/1937
22602 05/1937

Last five records of the file:

38954 12/1937
38974 10/1937 - 12/1937
38974 10/1938
38974 12/1938
38987 07/1941
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Table 6. Partial listing of the file timezone.dat (File 14)

First five records of the file:

20674 07
20891 08
21%46 11
21982 13
22113 03

Last five records of the file:

38927 06
38933 06
38954 06
38974 05
38987 05

Table 7. Partial listing of the file station.his (File 15)

First five records of the file:

20674 MOVE 1938 -9 -9 0 -99
20674 PRCP 1853 3 2
20674 MOVE 1960 -9 -9
20891 MOVE 1951 1 12
20891 PRCP 1953 12 1

-99
SSW

= o

Last five records of the file:

38987 MOVE 1504 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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APPENDIX A

STATION HISTORIES







Station Histories

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

WMO No.

Type

Year
Month
Day

Distance

Direction

is the WMO No. of the station.

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

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

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

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

is the distance (in kilometers) that the station was moved. Missing distances are
coded as -9. A distance of zero indicates that the station moved less than one
kilometer. Distance only applies to station relocation entries (i.e., lines in

which Type = MOVE). In rain gauge replacement entries (i.e., lines in which
Type = PRCP), Distance has no meaning and thus is coded as blanks.

is the direction in which the station was moved (e.g., N = north, SE =
southeast). Missing directions are coded as -99. 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 = PRCP), Direction has no
meaning and thus is coded as blanks.







WMO No. Type Year Month Day Distance  Direction

20674 MOVE 1938 -9 -9 0 -99
20674 PRCP 1953 3 2

20674 MOVE 1960 -9 -9 0 -99
20891 MOVE 1951 1 12 1 SSwW
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 NwW
22522 MOVE 1925 6 -9 0 NE
22522 MOVE 1933 6 30 1 N
22522 PRCP 1956 2 15

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

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

22602 MOVE 1928 -9 -9 2 S
22602 MOVE 1930 -9 -9 | 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




WMO No. Type Year Month Day Distance  Direction
22641 MOVE 1900 5 -9
22641 MOVE 1926 9 15
22641 PRCP 1953 1 15
22802 MOVE 1948 11 -9
22802 MOVE 1951 10 -9
22802 PRCP 1954 8 -9
22802 MOVE 1957 12 -9
22820 PRCP 1949 6 23
22820 MOVE 1954 6 -9
22837 MOVE 1914 11 -9
22837 MOVE 1932 9 30
22837 MOVE 1937 -9 -9
22837 MOVE 1949 -9 -9
22837 PRCP 1955 6 -9
22837 MOVE 1970 5 -9
22887 PRCP 1951 8 31
22887 MOVE 1957 -9 -9
22887 MOVE 1969 7 -9
22887 MOVE 1971 1 -9
22887 MOVE 1982 6 -9
23146 MOVE 1951 8 21
23146 PRCP 1953 10 2
23146 MOVE 1960 12 -9
23146 MOVE 1976 11 -9
23205 MOVE 1927 6 24
23205 MOVE 1927 9 -9
23205 MOVE 1941 8 26
23205 MOVE 1947 11 -9
23205 PRCP 1954 9 2
23205 MOVE 1959 10 15
23205 MOVE 1984 11 -9
23219 MOVE 1937 8 9
23219 PRCP 1955 9 25
23405 MOVE 1899 10 -9
23405 MOVE 1904 -9 -9




WMO No. Type Year Month Day Distance  Direction

23405 MOVE 1915 8 14 0 -99
23405 MOVE 1918 11 21 0 A
23405 MOVE 1930 6 -9 0 E
23405 PRCP 1952 6 26

23418 PRCP 1952 8 1

23418 MOVE 1965 10 14 0 S
23472 MOVE 1898 6 -9 0 -99
23472 MOVE 1911 9 -9 0 -99
23472 MOVE 1915 6 -9 1 NwW
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 -9
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 SwW
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 NwW
23849 MOVE 1887 -9 -9 -9 -9
23849 MOVE 1911 -9 -9 -9 -99




WMO No. Type Year Month Day Distance  Direction

23849 MOVE 1939 7 10 5 E
23849 PRCP 1950 -9 -9

23849 MOVE 1961 12 25 2 WNW
23884 MOVE 1949 6 29 1 A
23884 PRCP 1954 9 3

23884 MOVE 1955 1 1 7 SW
23384 MOVE 1957 10 15 2 E
23891 PRCP 1953 7 24

23891 MOVE 1957 6 19 0 -9
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 -9
23933 PRCP 1955 6 -9

23933 MOVE 1961 6 25 0 -99
23955 MOVE 1954 9 29 2 NwW
23955 PRCP 1954 10 2

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

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

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




WMO No. Type Year Month Day Distance  Direction

24343 PRCP 1953 1 -9

24343 MOVE 1957 9 4 1 NwW
24343 MOVE 1960 9 9 0 Nw
24343 MOVE 1964 7 25 0 NE
24343 MOVE 1973 6 -9 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
24641 MOVE 1939 8 1 0 w
24641 PRCP 1953 1 1

24641 MOVE 1956 11 10 10 SE
24688 MOVE 1942 -9 -9 2 S
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 -9
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 -9
24951 MOVE 1937 7 4 0 E
24951 MOVE 1942 10 3 7 SE
24951 MOVE 1945 9 4 7 Nw




WMO No. Type Year Month Day Distance  Direction

24951 PRCP 1953 1 -9

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

24959 MOVE 1964 11 -9 1 NW
24966 MOVE 1925 8 -9 7 Sw
24966 MOVE 1943 9 15 0 -9
24966 PRCP 1953 1 1

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

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

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

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

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

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

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

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

A-10




Year Month Day Distance  Direction
26038 MOVE -999 -9 -9 -9 -99
26038 PRCP 1952 9 1
26063 MOVE 1933 7 -9 5 NNW
26063 PRCP 1946 11 -9
26063 MOVE 1970 6 -9 0 w
26188 MOVE 1934 3 -9 0 N
26188 PRCP 1954 6 -9
26231 MOVE 1944 10 14 -9 -99
26231 MOVE 1947 11 7 2 SSE
26231 PRCP 1949 1 -9
26231 MOVE 1964 12 -9 -9 -99
26258 MOVE 1910 -9 1 NW
26258 MOVE 1925 -9 0 -99
26258 MOVE 1934 -9 1 N
26258 MOVE 1944 -9 3 NNW

[y




WMO No. Type Year Month Day Distance  Direction
26477 PRCP 1954 1 -9
26477 MOVE 1955 10 -9
26629 MOVE 1922 -9 -9
26629 PRCP 1952 1 1
26629 MOVE 1955 6 26
26629 MOVE 1957 6 5
26702 MOVE 1889 10 -9
26702 MOVE 1922 10 1
26702 MOVE 1946 12 -9
26702 PRCP 1952 1 1
26730 MOVE 1892 1 1
26730 MOVE 1916 3 1
26730 MOVE 1920 6 1
26730 MOVE 1922 7 1
26730 MOVE 1936 3 23
26730 PRCP 1952 1 1
26730 MOVE 1953 12 14
26730 MOVE 1964 6 1
26781 MOVE 1900 2 -9
26781 MOVE 1905 9 -9
26781 MOVE 1911 -9 -9
26781 MOVE 1936 -9 -9
26781 PRCP 1951 10 -9
26850 MOVE 1870 -9 -9
26850 MOVE 1891 -9 -9
26850 MOVE 1895 -9 -9
26850 MOVE 1905 -9 -9
26850 MOVE 1922 -9 -9
26850 MOVE 1935 -9 -9
26850 PRCP 1948 6 -9
27037 MOVE 1945 10 -9
27037 MOVE 1951 10 -9
27037 PRCP 1954 4 -9
27037 MOVE 1959 9 9
27037 MOVE 1968 4 -9
27037 MOVE 1979 9 -9
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1956

Year Month Day Distance  Direction
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 -9
27333 MOVE 1936 5 -9 1 w
27333 PRCP 1949 6 10
27553 MOVE 1892 6 -9 1 SwW
27553 MOVE 1904 12 -9 2 E
27553 MOVE 1922 5 -9 2 SE
27553 MOVE 1932 7 -9 7 SSwW
27553 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 1 w
27648 PRCP 1950 7 -9
27823 MOVE 1930 11 -9 1 SE
27823 MOVE 1943 1 -9 1 w
27823 PRCP 1951 1 1
27947 MOVE - 1932 9 19 1 -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



WMO No. Type Year Month Day Distance  Direction
28225 MOVE 1938 4 -9 2
28225 PRCP 1952 -9 -9

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

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

28411 MOVE 1961 6 1 S
28411 MOVE 1974 10 9 10
28411 MOVE 1977 8 -9 1
28434 PRCP 1949 9 -9

28434 MOVE 1956 11 5 6
28434 MOVE 1963 9 6 0
28434 MOVE 1973 -9 -9 0
28440 PRCP 1948 3 1

28440 MOVE 1969 -9 -9 1
28493 MOVE 1925 -9 -9 0
28493 MOVE 1936 8 -9 3
28493 MOVE 1951 10 -9 5
28493 PRCP 1951 10 -9

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

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

28679 MOVE 1974 7 11 6
28698 MOVE 1935 -9 9 0
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WMO No. Type Year Month Day Distance  Direction

28698 PRCP 1952 1 1

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

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

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

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

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

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

29282 MOVE 1960 12 9 2 NwW
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 NwW
29612 PRCP 1955 9 19

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

29698 MOVE 1915 -9 -9 0 -99




Direction

Distance

1932 11 1 0 -99
1939 8 1 0 -9
1946 10 16 1 S

-999 -9 -9 -9 -99



Year Month Day Distance  Direction
1952 -9 -9 2 w
1954 6 -9

1963 11 -9 0
1934 -9 -9 0
1937 -9 -9 1
1950 5 -9

1956 10 -9 0
1932 10 -9 3
1933 -9 -9 0
1937 6 -9 0
1953 9 10

-999 -9 -9 -9
1950 1 -9

1913 6 -9 0
1915 10 -9 0
1931 10 -9 0
1948 10 -9

1955 3 24 0
1911 9 -9 -9
1942 6 -9 3
1945 7 -9 0
1949 7 -9

1956 4 -9 1
1901 8 -9 1
1919 4 -9 4
1934 11 -9 3
1942 7 -9 12
1947 -9 -9 12
1949 11 -9

1953 -9 -9 2
1933 1 -9 -9
1954 9 -9

1951 12 11

1956 7 -9 0
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WMO No. Type Year Month Day Distance  Direction

30965 PRCP 1952 4 -9

30965 MOVE 1953 5 -9 1 NNE
31004 MOVE 1931 10 -9 1 -99
31004 MOVE 1941 12 -9 0 NE
31004 PRCP 1948 9 -9

31004 MOVE 1952 -7 -9 0 S
31004 MOVE 1970 8 11 0 NwW
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 -9
31253 PRCP 1951 7 1

31329 MOVE 1952 1 -9 0 -9
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

313388 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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WMO No. Type Year Month Day Distance  Direction

31532 PRCP 1954 6 8

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

31707 MOVE 1912 -9 -9 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




WMO No. Type Year Month Day Distance  Direction
32098 PRCP 1949 5 27
32098 MOVE 1977 1 1
32165 PRCP 1950 6 -9
32165 MOVE 1957 1 1
32165 MOVE 1980 -9 -9
32389 PRCP 1951 1 1
32389 MOVE 1956 7 15
32411 MOVE -999 -9 -9
32411 PRCP 1953 10 23
32540 MOVE 1909 7 -9
32540 MOVE 1938 -9 -9
32540 PRCP 1951 1 1
32564 MOVE 1914 -9 -9
32564 PRCP 1952 10 29
33008 MOVE 1905 8 -9
33008 MOVE 1912 5 -9
33008 MOVE 1914 -9 -9
33008 MOVE 1944 10 9
33008 MOVE 1945 10 8
33008 MOVE 1947 10 1
33008 PRCP 1949 6 9
33008 MOVE 1960 10 4
33038 MOVE 1923 -9 -9
33038 MOVE 1942 9 -9
33038 MOVE 1945 4 -9
33038 PRCP 1949 9 28
33038 MOVE 1987 -9 -9
33345 PRCP 1948 -9 -9
33345 MOVE 1982 -9 -9
33377 MOVE 1920 7 -9
33377 MOVE 1928 11 1
33377 MOVE 1943 9 22
33377 MOVE 1951 10 -9
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Type Year Month Day Distance  Direction

PRCP 1953 1 1
MOVE 1900 -9 -9 0
MOVE 1940 5 -9 0
PRCP 1952 4 17
MOVE 1962 -9 -9 1
MOVE 1922 5 -9 1
MOVE 1927 1 1 5
MOVE 1940 1 28 4
PRCP 1950 9 27
MOVE 1964 4 10 9
MOVE 1983 -9 -9 4
MOVE -999 -9 -9 9
PRCP 1952 10 -9
MOVE -999 -9 -9 -9
PRCP 1954 3 1
MOVE 1940 -9 -9 2
PRCP 1952 1 3
MOVE 1975 -9 -9 0
MOVE 1924 -9 -9 1
PRCP 1947 -9 -9
PRCP 1953 1 1
MOVE 1959 1 -9 2
MOVE 1960 12 23 6
MOVE 1910 -9 -9 0
MOVE 1936 2 1 1
MOVE 1943 12 -9 0
PRCP 1953 2 1
MOVE 1925 3 17 1
PRCP 1949 10 15
MOVE 1964 12 12 0
MOVE -999 -9 -9 -9
PRCP 1949 -9 -9
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WMO No. Type Year Month Day Distance  Direction

33976 MOVE 1944 5 9 1 NNW
33976 PRCP 1953 2 9

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

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

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

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

34163 MOVE 1931 9 9 9 -99
34163 MOVE 1934 7 26 9 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 i 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 1 N
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WMO No. Type Year Month Day Distance  Direction
34646 MOVE 1951 11 14 2 SW
34646 PRCP 1955 4 -9

34731 MOVE -999 -9 -9 -9 -9
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 -9
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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WMO No. Type Year Month Day Distance  Direction

35358 MOVE 1951 -9 -9 0 -9
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 SwW
35406 PRCP 1949 4 17

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

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

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

35663 PRCP 1960 9 8

35663 MOVE 1962 8 12 1 S
35700 MOVE 1937 5 20 2 - -9
35700 PRCP 1953 5 26

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

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

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




WMO No. Type Year Month Day Distance  Direction

36034 MOVE 1943 5 6 2 SE
36034 PRCP 1954 -9 -9

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

36665 MOVE 1941 6 1 2 NwW
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 -9
36859 MOVE 1935 8 15 5 ENE
36859 MOVE 1936 6 9 0 SSE
36859 PRCP 1953 7 16

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

36974 MOVE 1935 -9 -9 0 -99
36974 PRCP 1949 5 -9

36974 MOVE 1960 12 -9 1 \
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 -9
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 -9
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 NwW
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 SSwW
37789 MOVE 1934 4 -9 0 -99
37789 PRCP 1950 5 -9

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

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

38353 MOVE 1927 9 -9 0 -99
38353 MOVE 1939 12 -9 2 N
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Year Month Day Distance  Direction
1940 -9 -9 1 E
1949 5 -9

1936 8 9 2 E
1950 3 6

1957 12 19 3 w
-999 -9 -9 -9 -99
1953 -9 -9

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

1929 8 -9 1 N
1940 8 11 15 S
1949 12 15

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

1913 10 11 0 -99
1952 8 2

-999 -9 -9 -9 -99
1951 1 1

-999 -9 -9 -9 -99
1953 9 1

1908 3 12 0 -9
1925 -9 -9 0 -99
1953 1 1

1958 1 -9 2 w
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1. Background

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

The first indication that there might be important
large-scale characteristics related to changes of the
mean daily maximum and minimum temperatures was
reported by Karl et al. (1984). Their analysis indicated
that the DTR was decreasing at a statistically signifi-
cant rate at many rural stations across North America.
Because of data accessibility problems, subsequent
empirical analyses continued to focus on data from
North America over the next several years (Karl et al.
19864a; Plantico etal. 1990). By 1990, however,aU.S./
People’s Republic of China (PRC) bilateral agreement
organized by the U.S. Department of Energy and the
PRC’s Academy of Sciences provided the opportunity
to analyze maximum and minimum temperatures from
the People’s Repubiic of China. Also about this time,
the Intergovernmental Panel on Climate Change
(IPCC) made arrangements with the Australian Na-
tional Climate Centre to analyze maximum and mini-

1008

mum temperature data from southeastern Australia.
The IPCC (1990) reported a significantdecrease inthe
DTR fromboth of these regions. Meanwhile, work from
another data exchange agreement, a bilateral agree-
ment between the United States and the former USSR
(Union of Soviet Socialist Republics), came to fruition
as a dataset of mostly rural maximum and minimum
temperatures was developed for the former USSR.
Karletal. (1991) reported onthe widespread decrease
of the DTR over the former USSR, PRC, and the
contiguous United States that was reiterated by the
IPCC (1992).

Additional data from other countries and updates to
previous analyses have now been analyzed here and
elsewhere. Additional data include the eastern half of
Australia, Sudan, Japan, Denmark, northern Finland,
some Pacific island stations, Pakistan, South Africa,
and a few other long-term stations in Europe. Figure 1
shows the area of the globe that has now been
analyzed for differential changes of the maximum and
minimum temperature. The area now covers over
50% (10%) of the Northern (Southern) Hemisphere
landmass, but still only about 37% of the global land-
mass.

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

a. Spatial and season patterns of the

contemporary trends

Daily maximum and minimum temperatures from
more than 2000 stations were available for analysis in
the countries shaded in Fig. 1 during the period 1951
to 1990 (except Sudan and the former USSR, which
had data through 1987 and 1989, respectively). Se-
lected subsets of these data were averaged within
various regions of each country. Each region repre-
sents a compromise between climatic homogeneity
and an adequate number of stations within its bound-
aries to reduce sampling error. The base period for
calculating departures from the average included the
years 1951-90 (or slightly fewer years in some coun-
tries, e.g., Sudan and the former USSR). The regions
are delineated in Fig. 2 where, similar to other large-
scale studies of the change of the mean annual
temperature (Jones et al. 1986a,b; Jones 1988), the
average of the trends of the mean annual maximum
and minimum reveals a general rise of temperature. A
decrease of the minimum temperature within any
region is uncommon but is somewhat more frequent
forthe maximumtemperature, as seen over the United
States and the PRC. The differential rate of warming
between the maximum and minimum temperatures is
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Fia. 1. Shaded areas represent areas of the world that have been analyzed for changes of mean maximurn and minimum temperature.

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

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

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

The trends can be area weighted to reflect the
overall rate of DTR decrease. Table 2 shows the
decrease both north and south of the equator, but
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without any pronounced seasonal cycle in the North-
ern Hemisphere. The area of available data in the
Southern Hemisphere is too small to make any gen-
eral statements about trends in that portion of the
globe, but the decrease in the Northern Hemisphere is
quite apparent. The rate of the decrease in the DTR
(—1.4°C/100 years) is comparable to the increase of
the mean temperature (1.3°C/100 years).

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

b. Longer-term variations

Unfortunately, the coverage of the globe with maxi-
mum and minimum temperature data is currently
limited prior to 1851. In the United States, a network of
approximately 500 high-quality stations has remained
intact back to the turn of the century, and in the former
USSR a fixed network of 224 (165 stations if only rural
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Fia. 2. Spatial patterns of annual trends of mean maximum, minimum, and diumal temperature
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proportional to the trend and solid (open) circles represent negative (positive) trends. Circles
pertain to regions within each country except for island stations, e.g., in the South Pacific and
Hawaii.

during the dry 1930s and early
1950s in the United States. The
general decrease of the DTR
did not begin in the United
States until the late 1950s, and
the DTR decreased rather dra-
matically in the mid- to late
1970s over the former USSR
as partof substantialincreases
in the minimum temperature.
The decrease of the DTR in
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,
eastern Australia, and South
Africa. Figure 5 indicates that
the decrease in the DTR in
eastern Australia occurs rather
gradually since the steep de-
clineinthe late 1940s. In South
Africathe decrease is predomi- .
nately due to the sharp decline
in the early 1950s.

A very long record of maxi-
mum and minimum tempera-
tures was available from the
Klementinum-Observatory in
Prague, Czech Republic, as
well as a benchmark station
from northern Finland. Figure
6 portrays a remarkable in-
crease of the DTR at the
Kiementinum-Observatory
from the early to the mid-twen-
tieth century, with a substantial
decrease since about 1950.
Theincrease coincides withthe
increase of mean temperature
since the turn of 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
lower compared with the latter
part of the century. The DTR at
Sodankyia, Finland, also dis-
plays agradual decrease since
1950, but contrary to the
Klementinum-Observatory, the

stations are used) stations is available back to the decreaseisevidentbacktothe turn of the century. The

1930s. Time series from these countries reflect signifi-
cant (Fig. 4) decadal variations in the DTR, as evident
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mean temperature at Sodankyla reflects little or no
change. The high-frequency variability of the DTR at
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TasLe 1. Trends of temperature (°C/100 yr) for annuai and three-month mean maximum (MAX), minimum (MIN), and diurnal temperature
range (DTR) based on a weighted average of the regions (by country) in Fig. 1. Additionally, trends significant at the 0.01 level (two-tailed
t test) are double underlined and those significant at the 0.05 level are single underlined. Trends with significant change points are denoted
with an asterisk. The number of stations used to calculate the trends (in parentheses) and the time period relative to the trends is given
for each country. PRC is the People’s Republic of China, USA the contiguous United States of America, E. Australia the eastern half
of Australia, USSR the former Union of Soviet Socialist Republics, and S. Africa the Republic of South Africa.

ALASKA (39) 19511990

Seasons MAX MiN DTR
D~J-F 6.0 88 -28
M-A-M 3.1 6.3 32
J-A 0.9 24 -15
S-O-N -1.4 04 -1.9*
ANNUAL 2.1 45 24
CANADA (227) 1952-1990
Seasons MAX MIN DTR
D-J-F 18 2.1 02
M-A-M 37 38 0.1
J~J-A 05 14 -09
S-O-N 2.2 12 -1.0
ANNUAL 0.9 15 06
USA (494) 1951-1990
Seasons MAX MIN DTR
D~-F -2.3 -0.7 -15
M-A-M 23 25 02
J~J-A 03 1.0’ -14
S-O-N -1.7 13 -30
ANNUAL 06" 10 -15
SUDAN (15) 19511987
Seasons MAX MIN DTR
D-J-F —1.2 27 -3.9"
M-A-M 0.4 33 -28
J-J-A 28 2.1 07
S-O-N 14 25 -11
ANNUAL 09 27 -17
E. AUSTRALIA (44) 19511991
Seasons MAX MIN DTR
D~J-F 18 23 0.4
M-A-M 16 28 -12
A 08 14 05
S-O-N 13 22 09
ANNUAL 14 22 -07

f
[t

both stations is less than that of their respective mean
temperatures, but the converse is true for low-fre-
quency variations.
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USSR (FORMER] (165) 1951-1990

Seasons MAX MIN DTR
D-J-F 2.8 42 -1.3
M-A-M 25 38 -12
J-J-A o4 o' -13
S-O-N 06 22 -16
ANNUAL 1.4 28 -14
JAPAN (66) 1951-1990
Seasons MAX MIN DTR
D-J-F -05 02 0.2
M-A-M -0.4 07 0.3
J~J-A 05 0.0 0.4
§-O-N -0.3 -05 02
ANNUAL -0.2* -0.4 02
PRC (44) 1951-1988
Seasons MAX MIN DTR
D-J-F 05 35 -30
M-A-M 08 14 22
J-d-A 18 -08' -1.0
S-O-N 06 10 -16
ANNUAL 07 13 -2.0°
S. AFRICA (12) 1951-1991
Seasons MAX MIN DTR
D-J-F 0.8 20 -1.2
M-A-M 22 17 05
J-J-A 13 13 0.0
S-O-N 07 18 -24
ANNUAL 09 1.7 o8

I

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

Recently, other investigators have also compiled
information on the change of the DTR over other
regions of the globe. Frich (1992) provides evidence to
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TasLe 2. Trends of temperature {°C/100 yr) for annual and three-
month mean maximum (MAX), minimum (MIN), and diurnal tem-
perature range (DTR) for the areas denoted in Fig. 1 (less Pakistan,
northern Finland, and Denmark). Percent of the land area covered
forthe Northern and Southern Hemisphere and the globe is denoted
within parenthesis.

N. Hemisphere (50%) 1951-1990

Seasons MAX MIN DTR
D--F 13 2.9 -15
M-A-M 2.0 32 -13
A -03 0.8 1.1

S-O-N -04 1.3 17
ANNUAL 05 2.0 ~1.4

S. Hemisphere (10%) 1951-1990
Seasons MAX MIN DTR
D~F 1.6 22 -06
M-A-M 1.7 25 -08
JJA 1.0 1.3 -04
S-ON 0.8 21 -13
ANNUAL 1.3 20 -08
GLOBE (37%) 1951-1990

Seasons MAX MIN DTR
DJF 1.3 29 -16
M-A-M 19 3.1 -12
JHA 02 0.8 11

S-O-N -03 1.4 —1.7
ANNUAL 0.7 2.1 -14

indicate there has been a general decrease over
Denmark since about 1950, based on an analysis of
several long-term stations, mostlocated in rural areas.
Biicher and Dessens (1991) analyzed a iong record of
maximum and minimum temperatures from the Pic du
Midi. de Bigorre Observatory in the Pyrenees at a
height of more than 2800 m. Their analysis revealed a
significant decrease of DTR since the late nineteenth
century, but an inhomogeneity in the record prevented
a continuation of thé analysis beyond 1970. Kruss et
al. (1992) reported on changes of maximum and
minimum temperature between the two 30-yr periods
1931-60 and 1961-90 over Pakistan. Despite consid-
erable missing data, they managed to obtain at least
20 years of data from each of the two periods for 35
stations across Pakistan. Their analysis revealed a
mix of decreasing and increasing changes of DTR. In
our analysis of Pakistani data we could manage to
identify only five stations with adequate data to ana-
lyze year-to-year changes; these were all located in
the northern half of the country. These stations also
depicted a decrease of the DTR.
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¢. Relation to variations of the seasonal and

annual extremes

For a variety of practical considerations it is impor-
tant to know whether the decrease in the mean DTR
translates to a decrease in the extreme temperature
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 to
daily data), there was often a significant and substan-
tial decrease in the seasonal and annual temperature
extremes similar to the decrease in the seasonal and
annual mean DTR. This similarity is also reflected in
the time series of monthly extreme maximum and
minimum temperature over Sudan (Jones 1992).

d. Data quality

A critical question arises related to the reliability of
the data used to calculate the changes ofthe DTR. The
data presented and discussed here have been sub-
jected to various degrees of quality assurance. The
degree to which precautionary measures have been
taken to minimize data inhomogeneities varies con-
siderably from country to country. Inthe United States,
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Fic. 3. Time series of the temperature anomalies of the annual
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of the global landmass (areas shaded in Fig. 1). Smooth curve is a
nine-point binomial! filter with “padded” ends.
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a fixed network of stations in the Historical Climatology
Network (HCN)is used (Karl et al. 1990}, which largely
consists of rural stations that have been adjusted
when necessary for random station relocations,
changes in instrument heights, systematic changesin
observing times (Karl et al. 1986a; Karl et al. 1986b),
the systematic change in instruments during the mid-
and late 1980s (Quayle et al. 1991), and increases in
urbanization (Karl et al. 1988). The potential warm
bias of the maximum introduced by the HO83 series of
thermometers (Gall et al. 1992) is not a factor in this
network since the HO83 instrument is not used in the
rural cooperative network that dominates the HCN (19
out of 20 stations).

Bulletin of the American Meteorological Society

In the former USSR the fixed network of 165 sta-
tions consists of rural stations (1990 populations less
than 10 000 and local surroundings free of urban
development). The former USSR data have not been
adjusted for any random or systematic inhomo-
geneities. Station histories, however, indicate there
have not been systematic changes in network opera-
tion over the course of the past 50 years.

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

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

Station histories from the PRC do not reflect any
changes in instrumentation, instrument heights, in-
strument shelters, or observing procedures relative to
the maximum and minimum temperature. Our analy-
sis is based on a subset of more than 150 stations
available to us. No attempt was made to correct for
random station relocations in the fixed network of 44
stations we finally selected from the larger network.
The potentialimpact of urbanization precluded the use
of many stations. We eliminated all stations that were
inor near cities with populations of more than 160 000.

All stations in Australia are currently undergoing
thorough homogeneity testing (Torok 1992, personal
communication} but were unavailable for this analysis.
Instead, stations were selected based on the length of
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record and distance from major areas of urbanization.
All of the stations used in Australia are from small
towns or rural areas, many from post office “back-
yards.”

Fewer than half of the 154 stations available from
Japan were used in this analysis. Similar to the PRC,
many stations were eliminated because of their prox-
imity to major urban areas. An inspection of the station
histories reveals a number of network “improvements”
related to the automation of the temperature measure-
ments in recent years. A full assessment of the homo-
geneity of the data awaits a detailed analysis. The
station networks from Sudan and South Africa include
some stations from urban areas, but countrywide
decreases of the DTR are not overwhelmed by these
stations. Incomplete information was available re-
garding systematic changes ininstrumentation atthese
locations during the past several decades, but the data
were inspected and adjusted when necessary for
station relocations based on temperature differences
with neighboring stations. In total, four stations in
South Africa were adjusted using the procedures
outlined by Jones et al. (1986a).

3. Diurnal temperature range
dependencies

a. Local effects

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

1) URBAN HEAT ISLAND

it is well known that the urban heat island often
tends to manifest itself strongest during the nighttime
hours (Landsberg 1981). In midlatitude North Ameri-
can cities the urban-rural temperature difference usu-
ally peaks shortly after sunset, then slowly decreases
until shortly after sunrise, when it rapidly decreases,
and for some cities actually vanishes by midday. In
many cities, increases in urbanization would differen-
tially warm the minimum relative to the maximum
temperature. ‘

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

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

Categories in Japan were based on 500 000 and
50 000 threshold values. The PRC had 23, 42, and 44
stations, while Japan had 17, 71, and 66 stations, in
each of the three population categories proceeding
from high to low, respectively. Figure 7 shows that the
decrease of the DTR actually becomes stronger in the
PRC for the lowest population category compared with
the moderate population category, while the trend of
the average temperature continues to decrease. This
suggests that urbanization effects in the PRC are
dissimilar to those in the United States, as differential

_effects of the maximum and minimum temperature
trends seem unaffected by urbanization in cities of 500
000 orless. In Japan, however, theimpact of urbaniza-
tion on the DTR is evident even in the lowest popula-
tion category (less than 50 000); this is even more
apparentforthe average temperature. Based on these
analyses it would seem that urbanization effects in the
PRC are unlikely to significantly impact the trends
reported in Tables 1 and 2.

A previous paper by Jones et al. (1990) investi-
gated the impact of increasing urbanization in the land
database used by the IPCC (1990, 1992) o calculate
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changes of global temperature. The conclusion from
the work of Jones et al. (1990) was that any residual
urban bias in the land-based average temperature
records was about 0.05°C during the twentieth cen-
tury. A comparison of the average temperature trends
derived from the stations used in Tables 1 and 2 with
the stations used by Jones (1988) revealed differ-
ences in trends from country to country, but virtually
identical trends of temperature (within 0.02°C per 100
yr) were found when ali areas depicted in Fig. 1 were
considered. This suggests that the degree of urban-
induced bias in these two datasets are of similar
magnitude over the past 40 years, despite the use of
substantially different station networks.

2) IRRIGATION

It can be argued that increases in irrigation may
account for the decrease in the DTR. The evaporation
associated with soil moisture would convert sensible
to latent heat and thus significantly reduce daytime
temperature. In order to test this hypothesis, the
correlation coefficient (both Pearson product moment
and the Spearman rank) was calculated using the
values of the trends of the DTR and the change in land
area under irrigation from 1950 to 1987 (U.S. Depart-
ment of Commerce 1950, 1988) foreach of the regions
delineated in Fig. 2. No relationship was found be-

TasLe 3: Stations and years used to identify the sensitivity of the
diurnal temperature range to various climatic variables.

Stations Years
Sacramento, CA 1961-69
Tallahassee, FL 1962-70
Indianapolis, IN 196674
Worcester, MA 1961-69
Bismarck, ND 1973-81
Scotts Bluff, NE 1871-79
Reno, NV 1961-69
Oklahoma City, OK 1875-83
Pittsburgh, PA 1961-69
Columbia, SC 1971-79
San Antonio, TX 197381
Seattle/Tacoma, WA 1971-79
Spokane, WA 1966-75
Green Bay, Wi 1971-78
1016

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

3) DesERTIFICATION

The converse of the theoretical effects of irrigation
would result from increased desertification, i. e., an
increase of the DTR. This might arise from poor land
practices such as overgrazing or deforestation. Given
the mid- and high-latitude bias of the results reported
here, it seems unlikely that desertification would have
a significant impact on the resuits reported in Tables 1
and 2. Moreover, this effect would tend to make the
magnitude of the reported decreases too small, espe-
cially during the warm season, as desertification would
increase the maximum and decrease the minimum.

b. Climatic effects

Since it seems unlikely that any of the human-
induced local effects can provide a satisfactory an-
swer to the widespread decrease of the DTR, a
number of climatic variables that differentially affect
the maximum and minimum temperature were ana-
lyzed to discern which climatic variables most strongly
affect the DTR. More than 50 000 days of climatic
observations were selected from the stations listed in
Table 3 during periods of consistent measurement
procedures for the variables defined in Table 4. The
rationale for selection of variables to be studied was
based on a priori information. For example, increases
of the DTR over land have previously been related to
snow cover ablation as simulated by the U. K. Meteo-
rological Office’s General Circulation Model (GCM)
with doubled CO, (Cao et al. 1992). Our analysis
included more than 4000 cases of snow cover. ltiswell
known that the ability of the surface boundary layer to
absorb, radiate, transform, and mix sensible heat
differentially affects the maximum and minimum tem-
perature. The relative humidity and cloudiness are two
important climate variables that influence these sur-
face-layer properties. In this analysis cloud-related
information was contained in two climatic variables:
the sky cover (in tenths) and an index of the ceiling
height. The ceiling height (CIG) was categorized into
seven categories. The cloud ceiling is defined as
height above ground of the lowest cloud layer that
covers 50% or more of the sky. The wind speed is an
effective measure of the degree of mixing within the
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surface boundary layer as it af-
fects and interacts with the fre-
quency or intensity of inversions
and super-diabatic lapse rates.
Additionally, the DTRis affected
by the seasonal and latitudinal
changes of incoming solar ra-
diation as well as the magnitude
of day-to-day temperature dif-
ferences. Theinclusion of TRAD 65
canalso be regardedas a surro- 4
gate for temperature especially
when used in conjunction with
the othervariables listedin Table
4. Karl et al. (1986b) demon-
strate the impact of the inter-
diurnal temperature difference
on the maximum and minimum 4
temperature. These day-to-
day changes of temperature
are largely controlled by the ther-
mal advection associated with
synoptic-scale cyclonesandan-
ticyclones.

All of the variables in Table 4
were used in a multiple regres-
sion analysis. Variables were
regressed against the square
root of the DTR, as opposed to
the actual DTR, because the
DTR is bounded by zero. With-
out the transformation,
nonnormal residuals result in

'C/100yr

*C/100yr

"C/100yr

Japan

Wi Sp Su  Au  An

O<> XX
*C/100yr *C/100yr

‘C/100yr

OZ0

Fic. 7. Temperature trends using stations from various population categories (high, medium,
low—left to right) as defined in text. Abbreviations; Wi—winter, Sp—spring, Su—summer, Au—
autumn, MAX—maximum, MIN—minimum, AVG—average, and RNG—diurnal range.

multiple linear regression analy-

ses, making it more difficult to

interpretthe results. Figure 8a indicates thatthe partial
correlation coefficients of each variable tothe DTR are
often significantly different from the simple linear cor-
relation coefficients, making it difficult to speculate on
the effect of changes in any one variable without
knowing (or assuming constancy) the changes in the
other variables. Given the huge sample size, very low
correlations have high statistical significance (even
considering the day-to-day persistence of the DTR).
On alocal basis, a generalized multiple linear regres-
sion model (one model for all stations and all days)
based on the seven climatic variables in Fig. 8a
explains about 55% (53% without the square-root
transformation) of the daily variance of the DTR.
Although the explained variance is substantial, it is
apparent that other factors may also need to be
considered with respect to explaining the variations of
the DTR (e.g., better representations of the atmo-
spheric stability, external forcing factors, more precise
techniqgues to calculate the mean quantities used in
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the analysis), or that the relationships are not ad-
equately expressed by a linear equation or both.

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

In order to investigate the linearity, or lack thereof,
of the relationships implicit in Fig. 8a, the data were
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TRADincreasesisrelatedtothe decrease
in intensity of the day-to-day changes of
temperature during the warm season.
Rossby waves and extratropical cyclones

TasLe 4. Definitions and abbreviations of the climatic variables used to test the
sensitivity of the diurnal temperature range.

Variables Abbreviations have reduced amplitude, speed, and in-
Diumal temperature range (dafy max—cally min) oTR tensity during the warm season.

A change in sign of the partial correla-
Snow cover (binary, if snow depth 2.54 cm) SNOW tion coefficient of SNOW with the DTR

Mean relative humidity (0600 LST and 1500 LST) RH (Fig. 8b) suggests that the length of night

Mean wind speed (0600 LST and 1500 LST) ws relative to the TRAD is a significant factor
Mean sky cover (0600 LST and 1500 LST) SKY when considering the impact of changes
Mean ceiling (0600 LST and 1500 LST) cia in snow cover on the DTR. In the northern
Total daily top of the eolar radiation TRAD United States, around the winter soistice,

ly top of the atr C_sm'm rradla TRAD s relatively low. Snow on the ground
Day-to-day temperature differences at this time of the year is important be-
(ITMP~TMP_| + ITMP~TMP_I) ATMP

cause of its excellent insulation (reduces

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

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

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

wS CIG TRAD ATMP SKY SNOW

| s
5 M Patial

Correlation Coefficient

WS CIG TRAD ATMP SKY SNOW

(b)

Partlal
Correlation Cosfficient

2425

Fic. 8. Relationship between various climate variables and the
diurnal temperature range. (a) Simple and partial correlation coeffi-
cients (removing the effects of all other variables) between each
variable (defined in Table 4) and the diurnal temperature range. (b)
Partial correlation coefficients of each variable for cases partitioned
by the total daily solar radiation at the top of the atmosphere 170
Wm2 (low); 271 Wm-2 (high); remainder (moderate)
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vatory occurred with an increase in cloudiness. An
analysis of changes in cloud cover over Japan, using
many of the same stations selected for the analysis of
the maximum and minimum temperatures, indicates
cloud covermay have increased on an annualbasis by
nearly 1% since 1951, but there is no apparent re-
sponse in the DTR. Changes in sunshine in Japan are
not altogether consistent with the increase in cloud
cover, but a new sunshine instrument was introduced
into the network in 1986.

4. Large-scale anthropogenic effects

a. Greenhouse gases

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

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

Interestingly, the ratio of the DTR decrease relative
to the increase of the mean temperature in the RCM
compared with the GCM is closer to the observed ratio
over the past several decades (Table 5). The RCM
omits the positive feedbacks to the DTR from reduc-
tions in cloud and surface albedo as contained in the
GCM simulations (Cao et al. 1992). This tends to
increase the DTR because of reduced atmospheric
(cloud cover) and surface (snow cover) albedo. Other
GCM simulations have both increases and decreases
in cloudiness with global warming: decreases in much
of the troposphere, but increases in the high tropo-
sphere, low stratosphere, and near the surface in high
latitudes (Schlesinger and Mitchell 1985). If the obser-
vational evidence is correct regarding the tendency for
a general increase in cloud cover over the land (which
now seems likely), then this could help explain the
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TasLe 5. Summary of modeling results with respect to the relationship between doubled CQO, concentrations and changes in the diurnal
temperature range (DTR) and the maximum and minimum temperatures. Abbreviations are AT, is the equilibrium global temperature
change (°C) for doubled CO, concentrations, ADTR is the equilibrium global change of the DTR (°C) for doubled CO, concentrations, CCC
is the Canadian Climate Centre, GISS is the Goddard Institute for Space Studies, and UKMO is the U. K. Meteorological Office.

GCM Model Author Resolution Ocean To DTR,,
Horiz. Vent.
ccC Boer 1989 T32 10 Mixed layer 3.5 -0.28
GISS Rind et al. (1989) 8°x10° 9 Mixed layer 4.2 -0.7 (sum, USA)
—-0.1 (ann, USA)
UKMO IPCC (1930) 8°x 10° 11 Mixed layer 5.2 -0.17
UKMO Cao et al. (1992) 5°x7.5° 11 Mixed layer 6.3 -0.26

Radiative Convective Model {Cao et al. 1992)

Type Maximum T, | MinimumT_ | DTR
Fixed absolute humidity X X -0.05
No surface turbulence 25 29 -0.4
No evaporation 23 29 -0.6
Full surface exchange 1.5 2.2 -0.7

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

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

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

b. Tropospheric aerosols

It has recently been shown that increases in sulfate
aerosols over and near industrial regions can signifi-
cantly impact the earth's surface heat balance
{Charlson et al. 1992). Charlson et al. (1991) and
Charison et al. (1992) provide evidence to indicate that
the anthropogenic increase of sulfate (and carbon-
aceous) aerosol is of sufficient magnitude to compete
regionally with present-day anthropogenic greenhouse
forcings. This forcing is confined primarily to the North-
ern Hemisphere and is a combination of direct aerosol
forcing (especially over the land) and indirect aerosol
forcing leading to increases in cloud albedo (espe-
cially over the marine environment). At present,
Charison et al. (1992) conclude that it is too uncertain
to estimate the effects of sulfate aerosols on the
lifetime of clouds (smaller droplet sizes leading to a
decrease in the fallout rate) which presumably could
lead to an increase in cloud cover. Charison et al.
(1991) provide the geographic pattern where direct
aerosol forcing should be greatest. It is difficult to
identify a direct relation between the pattern and
magnitude of the decrease in the DTR (Fig. 2) and the
anthropogenic radiative forcing calculated by Charlson
etal. (1991). Moreover, Karl et al. (1986a) and Karl et
al. (1986b) provide evidence to suggest that there is
little change of the maximum relative to the minimum
temperature in the United States for cloudiess skies
even when the daily data are stratified by dewpointand
wind direction.

Recently, Penner et al. (1992) have argued that
atmospheric aerosols from biomass burning also act
to increase the planetary albedo both directly by clear-
sky planetary albedo increases and indirectly through
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increases in cloud albedo. Since biomass burning is
most extensive in subtropical and tropical areas, this
effect may be directly relevant only to a small portion
of the data analyzed here.

Two tropospheric aerosol forcing agents (aerosols
from sulfur emissions and biomass burning) have
been identified that tend to increase the clear-sky
albedo. Neither forcing is believed to have dominant
infrared forcing. The question arises whether either of
these forcings has acted to reduce the maximum
temperature and thereby the DTR. In the United
States and northern (and perhaps eastern) Europe,
however, where we detected a significant decrease in
the DTR, there has actually been a net decrease in
sulfur emissions over the past several decades that
would qualitatively appear to eliminate sulfate aero-
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sols as an influence on the DTR in these areas. There
are reasons why such a conclusion may be premature.
First, the climate forcing due to tropospheric aerosol
loading is influenced both by the emission rate and the
residence times of sulfate aerosol in the atmosphere.
in the United States, at least, the effective heights, or
stack heights, of the sulfur emissions have increased
as a consequence of the U.S. Clean Air Act. This may
have had an effect on the lifetime of the SO, and
sulfate aerosols

5. Conclusions

Strong evidence exists for a widespread decrease
in the DTR over the past several decades in many

CLOUD AMOUNT (TENTHS * 100)

Fic. 9. Seasonal relationships between U.S. area-averaged cioud cover and the diurnal temperature range.

Bulletin of the American Meteorological Society

B-17

1021




regions of the globe. There are many possible climatic
factors that affect the DTR, but indications are that
cloud cover, including low clouds, has increased in
many areas that have a decrease in the DTR. The
increases in cloud cover could be indirectly related to
the observed global warming and increases of green-
house gases, related to the indirect effects of in-
creases in aerosols, simply a manifestation of natural
climate variability, or a combination of all three.

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

It will be difficult to satisfactorily explain the ob-
served changes of the mean temperature until an
adequate explanation for the observed decrease in
the DTR can be determined. Moreover, the practical
implications of projected temperature changes and
whether they are likely to continue will be even more
difficult to assess.
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