Global Temperature Records,

Dwindling Station Numbers,  Declining Data Quality and Increasing Urbanization
W.S. Hughes and A. McCallum, August 2000

Introduction   Global temperature records that are the basis of graphs purporting to measure "global warming" (Fig 1), publicised in the media for over a decade, were assembled in the mid 1980's by a group of scientists at the University of Norwich in the UK,  known as the Climate Research Unit or CRU,  ( Jones 1986, 1991, 1994).  Measurements  are averaged for each 5 degree grid point over the globe leading to the map shown in Figure 2 which illustrates the uneven distribution of "global warming"  over the Earth.    From the outset, CRU methodology has been criticised  for the inclusion of  records from urban areas which  are artificially warmed, see Hughes 2000 and Daly  2000.  

Figure 1    Global Air Temperature Anomalies from CRU, Univ. of Norwich
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This paper measures and compares the quality of the various sets of temperature records, country by country, in the region of the globe north of 50 degrees N latitude, where  most "global warming" is located.  Quality is measured by the frequency of data gaps.    It is obvious that the vast area of the old USSR dominates compilations of "global warming"  and it is  also clear from Figure 2 that "global warming" is to a large extent "USSR warming". 

Summary of Results   What has emerged from the analysis of  the Jones 1994  and updated records is a surprising picture of;

· rapidly reducing numbers of stations in the database for all countries,

· rapid deterioration in recording standards in the 1980's or 1990's  as measured by data gaps, except for UK and Iceland,

· in  the area of the old USSR for latitudes between 50 and 65 degrees north the reduced numbers of stations between 1991 & 1995 contain an increased percentage of large city stations.

· reduction in station numbers and increasing data gaps are a feature of both  the USSR and Canadian data and the size of those countries makes their records  critical in any global computation of temperature trends above 50 degrees north.  

Given the general inability of the Russian Federation to maintain modern industrial standards as witnessed by the unsuccessful attempts  to enter the "Kursk"  and failure of emergency services in Moscow to promptly attend to a fire in the TV tower; there could be no confidence that normal standards are being maintained in weather recording.   These observations are borne out by the present study  where tables below show USSR  data to be the worst of all countries surveyed, on all counts. 

Data Quality Survey    Figure 2  clearly proclaims the geographic distribution and magnitude of claimed global warming for the period 1900-1999 in terms of 5 degree by 5 degree grid points, with warming rates proportional to red circles.   Immediately the dominant fact is apparent, that "global warming" to a large extent,  "USSR warming".  Except for two grid points in NW Canada and one +4 degree anomaly in Spitzbergen, most plus 2 degree warming grid points are in the area of the old USSR.

Figure 2  Grid Point Global Warming Trends from IPCC  TAR using Jones 1994 updated data.
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 Global warming theory  and models predict greater warming rates in high latitudes as opposed to the tropics.    Figure 2   shows little warming in the Arctic, despite  stations along the Siberian coast and in far north Alaska & Canada..  It is clear that most of the high warming grid points in the old USSR correspond with  the belt of population growth associated with  post WWII industrialisation along the general line of the Trans Siberian Railway  and land development in eastern Kazahkstan.    

See Figure 3 from Encarta 2000  Atlas which indicates relative population densities. 
Figure 3  Population Density in  the ex USSR and Asia.

[image: image3.png]oscow ?
Valutsk,

Slknarky
Samarag,

®

e gChebebinsk  RUSSIA
- Khabaravsk,

3 O grasnoya AzEE

astanag ", ®Novosibirsk S "3

AZAKHSTAN ol PR

= wag Treke

ool - ey @

ummw HONGOLIA g
'

‘Insﬁl(emg": by E\snkék
RaN e
R o w

ity i ikl @ e

" Taiwuan




Note that Figure 3 is based on a conoform  projection hence different outlines of national borders in Figs 2 & 3. The circular blue symbols  are to do with MS Encarta.

Population densities as people per square km range from 10 around the Irkutsk - Lake Baikal region, through 13 to 30 in the Omsk-Novosibirsk region to ~50 around Moscow.

In Figure 2 the  high warming grid points near Irkutsk are due to urbanization in that city and it's neighbour across Lake Baikal, Ulan Ude. Hughes 2000 describes in detail, the station by station evidence for  non-climatic exaggerated warming rates in 9 USSR grid boxes.   The reasons for the exaggerations range from urbanization, using shorter records than are available and errant warming trends  due to equipment  or site changes.   Trends that are out of step with two neighbours must be considered suspect.  In the 4 grid boxes near the Sea of Ohotsk urbanization is not a major factor while data shortening looks significant as a reason for some of the claimed warming and errant trends affect one station.  Station by station comparisons are not the subject of this paper but extensive evidence is laid out in Hughes 2000.

Looking globally,  a perusal of  station lists shows the potential for urban heat island contamination in temperature records, see many cases in Hughes 2000. However,  the issue of  relative data quality between various national data sets has never been addressed as far as the writer is aware.   

Obviously the issue of data quality can be a complex one but there can be no doubt that gaps in records makes correction of non climatic data shifts more difficult which impacts on  computation of reliable trends.   Short gaps can be easily  and reliably filled by interpolation in say UK or USA records where neighbouring stations are close but in Siberia  or  northern Canada the problem is always more difficult due to the more dispersed network and more frequent interruption to observations. The basis for this study is that one missing month causes a missing year.

 Using Access query routines this study has computed the frequency of gaps in records for a number of  timespans  in the three main data sets,  with results  tabulated below  and the process is described in Appendix I. 

The three data sets are; 

· the Climate Research Unit 1991 update (CRU91); 

· the Jones 1994 update and large expansion of CRU91 here termed Jones 1994; 

· the Version 2  Global Historical Climate Network (GHCN)  produced by NOAA / NCDC in the USA.   

NOAA is  the National Oceanic and Atmospheric  Administration which studies climate data globally while NCDC is the USA weather service, National Climatic Data Center.    

The percentage of data gaps has been computed for each station,  each country and for a range of  timespans.  It has to be said that the Jones 1994 data and updates are  the most influential and widely quoted authority on "global warming"  in terms of the IPCC process.     At present the Jones 1994 data is more uniformly updated to the end 1995 while above 50 degrees north  the GHCN is most generally available to 1990 except for Alaska where many stations are updated to end 1999. 

Data Quality Ratings and Station Counts

Results are presented in tables below, one for station count by country which demonstrates reduction in all the networks in recent years.   The percentage of data gaps is also shown in tables in the same format as station count.

 The column designation 1800 means from the start of all records to the latest results, and CRU 1991 is generally current to between 1989  and  1991.

1901 means from that year to the latest data and the same for 1951.

In the case of the Jones 1994 data whch are generally updated through 1995, two extra columns are calculated to best show recent changes in station numbers and data quality.  These are 1981 to end 1990 and 1991 through 1995.   

Climate Research Unit (CRU)   1991 

It is plain that CRU1991 which contains 1880 stations globally, is a fairly stable data set above 50 north in terms of total station numbers for the three periods.

Figure 4       1880 Global Stations in CRU 1991
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Table A    Station Count by Country for CRU 1991 above 50 Degrees  North
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In terms of percentage data gaps the USSR gets the wooden spoon by a large margin and there is a worsening in the last 40 years, while almost all other countries  CRU 1991 data have improved record quality in that period..

Table B  Percentage Data Gaps  CRU 1991
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Some poor figures for data quality in the smaller countries can be influenced by one or two stations with large gaps and some cases are commented on later in the country by country section.

Jones 1994 and 1991 to 1995 Update

Progress from the CRU 1991  global data were by way of a paper by Jones 1994  describing a very large expansion of the data base from 1880 stations to ~3490.    Most of these extra stations appear in the  GHCN.  

Figure 5   Jones 1994,               3490   Global  Stations 
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Subsequently Professor Jones has produced an update file extending his Jones 1994 station records for the years 1991 to 1995.  As will be shown in tables below the number of stations globally in the 1991 to 1995 update has dropped from ~3490 to 1226.

Figure 6  Jones 1991 to 1995 Update only 1226 Stations 
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 A glance at Figures 3 and 4  reveals obvious areas where the 91 to 95  update has much less coverage than Jones 1994  eg. Western USA, Australia, Alaska and high latitude Canada as well as the USSR and PRC.    Yet it must be likely that some of these apparently discontinued stations in say USA and Australia were perhaps not available to Professor Jones at the time of his update and may be available at some later time. 

Table C    Jones 1994  & 91-95 Update  Station Count
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Because the Jones 1994 data are updated through 1995 and are  so widely quoted by the IPCC and others the analysis is taken to two extra columns, 1981 to 1990 and 1991 to 1995.   The fall off in station numbers in the USSR, Canada and Alaska is obvious.    See GHCN  Table F  below  which shows station numbers for Alaska have fallen to 18 in the 90's not to 11. 

The most recent column designations apply to the periods 1981 to 1990 and 1991 to 1995. 
Table D: Jones 1994  & 91-95 Update  Percentages Data Gaps
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The above table  shows the sharp drop off in data quality for several countries in the 1991 to 95 period. 

In the case of the USSR,  the reduction in station numbers and three fold increase in data gaps is even worse than obviously apparent  because it corresponds with an increase in the proportion of city stations.      Data degradation on three fronts.

 Data in Table E was derived using the urban / rural classification as in the GHCN.

Table E:  Increasing Percentages City Stations in the USSR between 50 & 65 degrees north in the  91-95 period compared to 1981-90, in Jones94 data.
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Version 2 GHCN

Figure 7  shows the global distribution of the Version 2 GHCN stations..
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GHCN has more stations than either CRU or Jones, is not updated to 1995 like Jones but USA (Alaska)  is updated to 1999 which gives us a little more insight there.   The Alaskan station numbers confirm the 1990's decline but not to quite the extent seen in Jones 1994.    Note that not all GHCN stations plotted in Fig 7 would be included in the GHCN adjusted data set.
To explain the extra   USA  column designations in Tables F & G.  81GHCN runs from 1981 to 1990,  91GHCN runs from 1991 to 1999 and 95GHCN covers the same timespan as the 1991 column in Jones  94, from 1991 to 1995, thus giving an exact comparison.

Table F         Station Count     V2 GHCN 
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Table G:     Percentage Data  Gaps Version 2 GHCN  
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Data gap numbers for  USA (Alaska)  in Table G indicate a 50% increase in data gaps for the nine years 1991 to 1999 over the previous decade. 

Country by Country Comments

USSR    The most important subset of  global temperature data on the basis of the huge area of the landmass and position in the high latitudes where models predict warming.   Not a lot to say about the USSR that is not already touched on  above.  If  the standard of recording is declining, the network getting smaller and more urban then future data from the area of the old USSR will become more controversial if used to measure regional climate trends. 

Canada     One of the surprises out of this study.  It would have been expected that such a modern industrialised country would be able to run a  network of weather recording stations to a higher standard than is indicated by these data.   Also taking into account the pro-active Canadian attitude on many environmental issues;   jumping in to sign off on Kyoto, yet neglecting to take the very small administrative steps to maintain adequate climate recording standards.  Just to restate the point, this is particularly important when Canada occupies the largest high northern landmass outside of the old  USSR. where data look like becoming  increasingly scarce.   It seems odd that while Professor Jones can get Canadian data up to end 1995 the GHCN team from NOAA / NCDC in  the USA only has Canadian records to 1990. 

USA (Alaska)      These records compare fairly well  by comparison with other high north latitude countries,  which is what would be expected of the USA.  Yet there are clear indications in both the Jones 94  & GHCN data that in the 1990's,  station numbers are falling while percentage gaps in records increases.  

Greenland   Any records free of non climatic trends and data gaps will become increasingly valuable.   The Jones data finds the unfortunate decline in records quality in the 1990's and it can only be hoped that this will be arrested.  An interesting point is that the GHCN  only finds about half the stations used by Jones 94 in the 1951 to present group.  This might  be explained by the GHCN rejecting some data due to homogeneity problems. 

Iceland     Comes out of the survey as having a very complete set of records and the 12 percent data gaps found in the Jones 1981 to 1990 data would only be 8% if it were not for the inclusion of the Faeroes station (run by Denmark ?).   Iceland stations numbers reporting in the Jones 1994 network have fallen by 50% in most recent decades.

United Kingdom   The network with the least gaps in records yet still station numbers reporting in Jones 1994  have halved since 1981.

Ireland   Generally very complete records yet the post 1981 period in the Jones 1994 data shows a slashing of station numbers to just three and in 1991 to 1995 records gaps blew out to 33%.

Low Countries  All datasets contain one station each for Belgium and the Netherlands and there are several from Denmark.    The fall off in station numbers and records deterioration post 1981 is fairly typical.

Finland    Nothing to add to the tables.  Obviously a very valuable set of records alongside the old USSR.

Norway   Except for post 1981 in Jones 994  records standards are good.  The high  data gaps figures in the 1981-1990 & 1991-1995 period of  the Jones 94  data are due to only two stations. 

Sweden    Shows a steady reduction in data gaps over the centuries and has maintained stations numbers relatively well into the nineties.     The high figure for gaps in the Jones 94,  1991-1995 period is mainly due to one station having a gap in all five years.

Germany    Includes both east and west.   A general reduction in data gaps over the centuries yet the 28% figure in Jones 94 for 1991-1995 is spread through most stations. 

Czech Republic and Poland   A general reduction in records gaps over the centuries.   The usual reduction in station numbers and data quality in post 1981 Jones 94 data, except that the Czech Republic contribution from 2 stations was gap free over that post 1981 period.

Summary     

It seems an inescapable conclusion that globally, temperature recording standards have slipped post 1981,  at the same time as there are radical reductions in stations reporting in global datasets.     This all seems amazing considering that claimed global warming  has been the major environmental issue for over a decade.  Surely wealthy industrialised western countries can pick up the very minor administrative and financial burden to keep up their own temperature  recording standards.   The countries in this study are from the developed world,  it would take a wild optimist to be convinced that globally there were not many cases in less developed countries where temperature  recording standards  have fallen post 1980.  It is to be hoped that the UN and WMO are doing something to head off this potentially huge loss of  vital scientific data.

The vast extent of the  landmass occupied by the old USSR is obviously of prime importance as the climate change debate moves into the 21st Century.   If trends in data and network standards uncovered in this study continue then global temperature databases will be diminished in decades to come.    The writer is in no position to offer special insights into what is happening with recording of climate data in the area of the old USSR,  however it is to be hoped that somebody with influence  is taking  steps to ensure that as much of the network as possible survives the post 1990 degradation.         

All countries should take the simple step of making their national climate records available within a year of collection.  There also seems no valid reason  in view of rapid improvements in IT, why all countries should not make their data freely available on the world wide web.
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APPENDIX I

Notes from Alan McCallum re his work with MS Access databases.

Anyone needing  VBA code writing and work with MS Access queries should contact Alan McCallum

almac@iconnect.net.au.

GAP FINDER SECTION

Proposal 

In July 2000, Warwick Hughes suggested a project to assess the number of missing years, and to obtain some idea of the lengths of good data / missing year sequences, for each reporting station in the temperature datasets: 

· CRU91 (= Climate Research Unit,   Jones 1991)

· Jones94 ( described in Jones 1994 and subsequent 1991-1995 update) 

· Version 2 GHCN (=Global Historical Climate Network, summarised in Peterson & Vose , 1997)

As I had already done some work loading these datasets1 into a Microsoft Access97 database for Hughes, it was decided that the gap finding processing would be implemented using the programming language Visual Basic for Applications (VBA) which is supplied with Microsoft Access.

Each temperature dataset had been previously loaded as a table in the main database. Each record in these tables consists of a station identification number, the reporting year, the monthly means for each month of that year, and the annual mean for that year. Each table was sorted to ensure that the data for each year was in ascending year order.

Method

There are several ways of achieving the goals above. Although it is easy to check every month in all datasets, this approach reports too much detail. If a month in the year has no data, it is signified with an identifier like -999 or -9999. As any missing month in the reporting year invalidates a simple year's mean, (again signified by a -999 or a -9999) it was decided to test only the annual mean for missing months in the year. As these datasets also contain missing years, we also tested for this occurrence. To provide further information, several counters were envisaged that would record sequences of five, ten, twenty, and forty years of continuous data, and also the best sequence of continuous data for that station.

To provide a permanent record of all results, it was decided that a new table2 would be written, with each record summarising the results for a single station. 

Once the output tables are written, a researcher can easily query a particular station or group of stations using standard Access queries. Some derived calculations were added to the requirements for the VBA function, so that all results could be obtained using standard Access queries.

Outline of VBA function.

The VBA code initially reads the station ID number. While the station ID number remains the same, the code reads each record for that station. 

Each sequence counter is incremented whenever the year's mean contains a whole year's records. If there is a month missing for that year, or if there is a missing year, the counters are reset. Totalling counters store the results for each station. 

When a new station is sensed, sequence percentage calculations are carried out using the results from the old station's sequence counters. Then the station ID, the results from the totalling counters, and the percentages are loaded as a single record into the appropriate output table. 

To prepare for the new station, all sequence counters are reset. The code continues to step through all records in the temperature dataset until all stations are processed.

Notes

1) Input Text File Sizes

These files are made available as large formatted text files of up to 40Mbytes.

2) Output Format
The following data was stored for each station.

1. The Station ID number.

2. The start year for the station's records

3. The end year for the station's records

4. The number of complete data years

5. The number of years containing missing months

6. The number of missing years in the range start year to end year.

7. The total years counted

8. The number of sequences of five years of continuous data

9. The number of sequences of ten years of continuous data

10. The number of sequences of twenty years of continuous data

11. The number of sequences of forty years of continuous data

12. The length of the best sequence of continuous data

13. % good years

14. % years containing missing months

15. % missing years

16. % best sequence of years.

(All calculated against the range start year to end year.)

Alan McCallum

4 Aug 2000
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