An Inspection of the Urban Heat Island Effect and NCDC’s Temperature Adjustments for the State of Utah

by Edward R. Long, Ph.D.

Introduction

Earlier this year, 2010, the subject of Urban Heat Island Effect (UHIE) was rekindled by a paper discussing Contiguous U. S. temperature trends (Ref 1).  Since then additional studies have been presented (Ref 2 & 3).  This is not to say this thin gathering of studies has addressed the subject more clearly or thoroughly than others.  There have been earlier reports, some much earlier, (Ref 4 & 5).  The existence of UHIE is well established for even the EPA acknowledges its existence (Ref 6 & 7).  The heat of the matter, perhaps a pun intended, is whether or not there is an associated climate warming effect.  Some argue that the impact is none (Ref 8 - 10).  Yet, it has been demonstrated that UHIE is embedded in the Global Warming analysis claiming significant warming (Ref 11).  Indeed, the crux of the Contiguous U. S. temperature trend study (Ref 1) was that UHIE does exist and because of the questionable temperature adjustment protocols used by NOAA’s NCDC the effect leads to the conclusion of a falsely-large warming for the “Lower 48”.     

The Contiguous U. S. investigation (Ref 1) engendered a request for a similar study of the State of Utah.  Given that Utah shares a common boundary with Colorado the contents herein may be of interest in conjunction with the one made for two cities in Colorado (Ref 2).  The contents herein also provide an appraisal of the effect of NOAA’s National Climatic data Center’s (NCDC’s) ‘adjustments’ of raw temperature data that suggest, as did the Contiguous U. S. study, something is wanting in the NCDC’s adjustment protocol.

Meteorological Station Selection and Locations

The set of data the NCDC uses for their analysis of the Contiguous U. S. includes 40 Utah Stations (Ref 11).  These are a subset of a larger number of approximately 276 stations within the state (Ref 12).  No explanation is given for why this particular subset and for the purposes of this paper none is necessary.  The NCDC set is used here because both ‘Raw’ and ‘Adjusted’ NCDC data are provided.  ‘Raw is the recorded data, for the period from 1895 to 2008.  ‘Adjusted’ data are that derived by the NCDC from the Raw data using a massaging protocol meant to take into account measurement aspects such as change in the time of day temperatures are recorded, changes of station location, and urban growth.  This protocol is discussed at the NCDC web site (Ref 13 and 14).  

The stations used for this study are a subset of the 40 Utah NCDC locations.  They were selected using the following steps:
- First, each of the 40 stations was “flown over” using a latitude/longitude map service that provides overhead photographic images of the surface.  From this visual information, each station’s general urban/rural surrounding was determined, that is, inside or outside a city or town, and residential or industrial.  [No consideration was made for the specific conditions of a location, such as discussed at www.SurfaceStations.org.]
- Second, five stations were selected because they appeared to be inside large cities, six that appeared to be inside medium cities, and four rural, completely apart human settlement.  [Those were the only stations inside large- or medium-sized cities and completely apart from human settlement.]

- Third, the respective cities/towns were identified and their populations determined.  This led to the discard of one ‘large’ city location because the city’s population was far less than the other four and of one ‘medium’ size because its population was far less than the other five.
Meta data for the stations used are provided in Table I and a map, Figure 1, provides a picture of their state-wide locations.  Perhaps an argument could be made that one or more stations should have been included for the most western or eastern portions of Utah.  But in the computer ‘fly over’ there were only 4 other locations inside cities/towns and these were communities from 200 to 400 people.  To have included this as a fourth group would have presented some ambiguity for ‘rural’ and ‘urban’.  No check was made for their locations within Utah.
Table1 – Meta data for selected NCDC meteorological  stations
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Figure 1 – Map of Utah showing locations of selected Rural, Urban1, and Urban2 meteorological stations.

Results and Discussion
Raw Data –
Raw data are those annual temperatures averaged from the monthly values, which in turn have been averaged from daily readings, for the respective meteorological stations.  Here we gathered the Raw data into a spreadsheet and grouped them into their respective sets, Rural, Urban1, and Urban2.  For each station within a set the ‘reference’ average for the period inclusive of the span 1961 – 1990 was determined. This average was then subtracted from the temperatures for that station to provide the amount each year digressed from the reference average, or, if you will, the ‘temperature anomalies’.   For each set, Rural, Urban1, and Urban2, these stations anomalies were averaged for each year.  The consequence of this practice of averages is shown in Figure 2.  The earliest date in Figure 2 is 1914 because the Rural data values are sparse for earlier years, except for one of the four stations.  Rather than engage a discussion for the merit of the overweighting the earlier dates with that of the one station the years from 1985 to 1913 are not included.  One suspect in the plotted data is the values for the Rural from the early 1990’s forward.  The abrupt decrease at about 1993 is due to one rural station whose values were much less than they were earlier years.  A ‘flag’ of this aberration is noted but the data is included because of what appears later in this report when the Adjusted data are discussed.   
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Figure 2 – Temperature anomalies for Raw Rural, Urban1, and Urban2 NCDC data. 

In Figure 2, each set is independent of the other.  Consequently only the slopes of Rural, Urban1, and Urban2 can be commented.  These respectively are 0.19, 0.46, and 1.43 oC/century, where the average for the two urban values is 0.95 oC/century.  These are not unlike the rural and urban values, 0.13 and 0.79 oC/century respectively, found for raw Contiguous U. S. NCDC data (Ref 1).  [An argument could be made that since there are years for which no value exists the average of the rates of change for the member stations within a set is perhaps more appropriate.  Had there been no years for which there were missing values the two averages would be the same.]
The rate of increase due to nature alone, Rural, is significantly less than that of either Urban set.  Hence man does indeed have an effect on temperature in urban areas but little or none in the rural area.  This substantiates the assertion there is a local-warming effect (UHIE.)  The data values also suggest that the extent of the UHIE on local warming is in some manner proportional to the size of the urban area.  And in reply to the denial that UHIE has an effect on global warming (Ref 8 -10), at least Utah warming, consider that the Rural rate alone is 0.19 oC/century, whereas including the urban rates leads to 0.69 oC/century, in this case a simple average.  This average rate is the same as the NCDC adjusted value (Ref 1), the latter being one of the bases on which advocates of man-made global warming proclaim anthropogenic CO2 is the cause of such warming.  [The use of averages of temperature change, as employed here and by the NCDC, may not be appropriate for quantifying warming.  Some argue that the values for Rural and Urban, weighted for respective portions of the land, should be used.  But this too may not be appropriate.  In fact, the use of averages of rates of temperature change for any large area, State, country, or global may not be appropriate, whereas heat and rates of heat change may.  But the use of averages in the discussion of temperature and climate has been used by many authors for many years and we perpetuate that practice here.]  
A more insightful view of the temperature anomaly data may be had by taking into account the differences of the Set Average Ref Temperatures (SARTs).  SART is determined by averaging the reference period (1961-1990) temperature averages of the stations within the set.  These SARTs are, respectively for the Raw Rural, Urban1, and Urban2 sets, 27.35, 27.81, and 29.26 oC.  Figure 3 is the same data in Figure 2, but accordingly shifted,-1.91 (=27.35-29.26), -1.45 (=27.81-29.26), and 0.0 (=29.26-29.26)oC, with respect to the Urban2 average temperature.
The trends of the individual sets are more evident.  Rural and Urban1 sets are shifted about the same.  One could suppose from this that there is a more pronounced UHIE for the larger urban locations, i.e. its SART is significantly larger than that of the other two.  Even without the abrupt 1993 decrease and subsequent lower values to about 2001 the Rural set seems to have a smaller rate of increase than the Urban1 after the early 1970s.  This suggests some relationship between rate of change and populati0on.  However, the value of such a proportionality of temperature to the size of the size, or density, of a populated location isn’t evident from this small amount of data.  This proportionality has been considered elsewhere (Ref 3), but possibly such an understanding is in its infancy.  [A note should be made that during the first half of the 1900s the Urban1 temperatures increased and then decreased.  The same is not true for the Urban2 data..]
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Figure 3 – Temperature anomalies for Raw Rural, Urban1, and Urban2 NCDC data.   Rural and Urban1 data are shifted with respect to Urban2 by the amounts of the differences of the average reference period (1961-1990) temperatures, (27.35-29.29) and (27.81-29.26) oC.
Adjusted Data –

Adjusted data are those annual temperatures generated by NOAA’s NCDC from the Raw data using protocols said to account for changes in time of temperature measurements, station locations, and other factors. (Ref 13-14).  The Adjusted data were gathered into a spreadsheet and treated like that for the Raw data. 
The consequence is shown in Figure 4 in which, like in Figure 3, the values of the Rural and Urban1 anomalies have been shifted relative to those of Urban2 by the differences of their SART values.  The SART values for these adjusted data respectively are 22.39, 27.39, and 29.51 oC for Rural, Urban1, and Urban2.

The first to be noticed is the extent of the shift for the Adjusted Rural set.  Its Adjusted SART is almost 5 oC lower (=22.39-27.35) than that for its Raw SART.  “Ah,” you say, “indeed the NCDC has taken into account that rural temperatures are lower”.  Possibly, you are correct.  But it is also possible they had another line of reasoning which is obscured within their adjustment protocol or this was a fortuitous consequence.  The Urban1 set’s Adjusted SART is  0.42 oC lower (27.81-27.39) and the Urban2 set’s is 0.25 oC higher (29.51-29.26) than their respective Raw SARTs. 
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Figure 4 – Temperature anomalies for Adjusted Rural, Urban1, and Urban2 NCDC data.   Rural and Urban1 data are shifted with respect to Urban2 by the amounts of the differences of the average reference period (1961-1990) temperatures.
But this consideration of averages aside, the striking aspects of the data in Figure 4 are:

- The shapes of the Rural, Urban1, and Urban2 seta are almost identical.  The NCDC’s adjustment protocol eliminated the abrupt early-1990s decrease for the Rural set.  To comment on how they were able to do this would require a degree of speculation concerning their adjustment protocol, quite possibly equivalent to that the NCDC may have employed in arriving at their protocol.  The sets, aside from the differences in their SARTs, have been homogenized to look the same.
- Slopes of the Adjusted Rural, Urban1, and Urban2 sets respectively are 1.04, 1.30, 1.14 oC/century.  Thus, the Rural value has increased a factor of more than 5 and Urban1’s by a factor of 2.8 while that of Urban2 is 80 percent of the Raw value.  The rates of increase are summarized in Table II and little more need be said other than a mystery exists, as in the case for the Contiguous U. S. study (Ref 1), for how a flaw-free adjustment protocol could have produced changes, such as these, from those for the NCDC raw data.

Table II – Rates of temperature change for Raw and Adjusted Rural, Urban1, and Urban2 NCDC data sets.
	Rate of Change, oC/century

	 
	Rural
	Urban1
	Urban2

	Raw
	0.19
	0.46
	1.43

	Adjusted
	1.04
	1.30
	1.14


Concluding Remarks

The rates of change for Utah rural station set and urban sets, using Raw NCDC data, are similar to those for the Contiguous U. S. (Ref 1).  The rates of change for the Adjusted NCDC data are just as curious as are those for the Contiguous U. S.  Comparison of the rate of change of temperatures for the Rural set to that for the Urban ones, using NCDC Raw Data, indicates a pronounced Urban Island Heating Effect (UHIE) which, when Rural and Urban data are combined, as the NCDC does, leads to a significantly higher rate of temperature increase or climate warming.  The rates of change of temperatures for the Adjusted NCDC data for the same Rural and Urban station sets are not distinct from one another.  The rate for the set of Rural locations is raised from 0.19, for the Raw, to 1.04 oC/century for the Adjusted, while that of the large Urban locations is lowered from 1.43 to 1.14 oC/century.  Thus it would seem the NCDC protocols for adjusting raw temperature data suffer a want for considerable questioning. 
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Station #

Latitude

Longitude

Elevation
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Population

Ave Population

Rural1

427909

40.5453

-111.5042

1831.8

SNAKE CREEK

0

0

429717

37.2083

-112.9842

1234.4

ZION NP

0

427729

39.6847

-111.2047

2655.4

SCOFIELD-SKY

0

427559

38.9139

-111.4161

2304.3

SALINA 24 E

0

Urban1

422828

38.9664

-112.3278

1560.6

FILLMORE

2,253

3,150

426686

37.8497

-112.8278

1828.8

PAROWAN PWR

2,565

425826

41.0428

-111.6722

1551.4

MORGAN POWER

2,635

424508

37.0286

-112.5367

1493.5

KANAB

3,564

426135

39.7122

-111.8319

1563

NEPHI

4,733

Urban2

428771

40.5278

-112.2975

1546.6

TOOELE

30,120

55,684

425186

41.7456

-111.8033

1460

LOGAN UTAH S

42670

427516

37.1069

-113.5611

844.3

ST GEORGE

72,718

426404

41.2442

-111.9464

1325.9

OGDEN PIONEE

77,226

