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Abstract 

A data set derived from the United States Historical Climate Net-
work has been compared to two global land-based temperature 
data sets that have been commonly cited in connection with the 
detection of the greenhouse effect and in other studies of climate 
change. Results indicate that in the United States the two global 
land-based temperature data sets have an urban bias between 
+ 0.TC and +0.4°C over the twentieth century (1901-84). This 
bias is as large or larger than the overall temperature trend in the 
United States during this time period, +0.16°C/84 yr. Tempera-
ture trends indicate an increasing temperature from the turn of the 
century to the 1930s but a decrease thereafter. By comparison, the 
global temperature trends during the same period are between 
+ 0.4°C/84 yr and +0.6°C/84 yr. At this time, we can only spec-
ulate on the magnitude of the urban bias in the global land-based 
data sets for other parts of the globe, but the magnitude of the bias 
in the United States compared to the overall temperature trend 
underscores the need for a thorough global study. 

1. Background 

Over the last few years considerable attention has 
been given to globally averaged land-based and/or 
marine temperatures. Much of this attention has been 
due to the interest in detecting a warming trend that 
may be related to the "greenhouse effect/' Unfortu-
nately, all global (land-based and marine) area-av-
eraged temperature data sets are contaminated by a 
number of biases of varying magnitudes. All large-
scale, land-based, area-averaged temperature data 
sets suffer from a number of biases of which the most 
serious may be the urban-warming bias. A number 

1 Sea-surface temperatures are sensitive to the types of con-
tainers used to measure the temperature of the sea water, i.e. 
wooden buckets, canvas buckets, engine intake tubes, etc. Marine 
air temperatures are subject to the changing mass of ocean ships 
and their increasing deck height above sea-level, among other 
factors. Often these changes are systematic, but poorly docu-
mented. Adjustments in the marine data have been developed by 
a number of research teams (Folland et al. 1984; Jones et al. 1986b), 
but a number of assumptions are required to properly use these 
corrections. Because of the poor documentation there is some 
skepticism concerning these assumptions. 

of large biases (several tenths of °C) also exist in the 
marine data.1 It is particularly important that the land-
based climate record be adequately assessed for bias 
because 

1. many long-term monitoring stations are located 
in and around growing urban areas, which can 
lead to increases of temperature unrelated to 
global forcings such as the greenhouse effect; 

2. land based observations make up nearly one-
third of the globe; 

3. new climate change detection strategies (Bar-
nett and Schlesinger 1987) globally integrate the 
differences between regional climate changes 
as predicted by general circulation models and 
observed regional changes, and 

4. unbiased time series of regional area-averaged 
temperatures are important for establishing the 
magnitude of anomalies in relation to a wide 
number of climate forcings such as aerosol in-
jections into the atmosphere (from natural and 
man-made sources) and the effects of the El-
Nino/Southern Oscillation and the quasi-bien-
nial oscillation. 

At present, it is not possible to identify the absolute 
magnitude of the urban biases in any global data set. 
Recently, however, Jones et al. (1989) have argued 
that the urban bias in their data should be no larger 
than 0.1 °C over the twentieth century, based on a 
detailed comparison of their data with the Historical 
Climate Network (HCN) in the United States. This 
bias is about one-quarter of the global land-based 
temperature increase of 0.4°C over this same time 
period. They urge more detailed studies for a defin-
itive assessment. 

Hansen and Lebedeff (1987) removed all stations 
in their global land-based data set with a 1970 pop-
ulation in excess of 100,000, and showed that this 
omission produced a difference in their global tem-
perature trend of only 0.1 °C over 100 years (0.084°C/ 
84 yr). They assume that the magnitude of the urban 
biases for all other stations (those with population 
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below 100,000 in 1970) should be no larger than 
another 0.084°C/84 yr. If this were true and the ur-
ban growth since 1970 was negligible, then the total 
urban bias should amount to no more than 0.17°C/ 
84 yr, which is substantially smaller than the overall 
trend in their data of 0.6°C/84 yr for the 1901-84 
time period. 

Unfortunately, a definitive estimate of the urban 
warming bias in either of the two global data sets is 
currently not possible. It is possible, however, to make 
some cogent inferences regarding not only the mag-
nitude of the biases in each of these data sets, but 
also our ability to remove them from the climate re-
cord. Another goal of this paper is to identify the 
unresolved issues in removing this bias and to rec-
ommend ways to solve the problems. 

Duchon (1987), Kukla et al. (1986), and Cayan and 
Douglas (1986) have all demonstrated the signifi-
cance of the urban-warming bias for large cities in 
the United States. Only recently however, has it been 
possible to evaluate the urban-warming bias in the 
climate record for small towns and cities. Karl et al. 
(1988a) have used the data from HCN to evaluate the 
impact of the urban bias for stations located in cities 
with high (>100,000) and low (<100,000) popula-
tions. The HCN is a network of 1219 long-term sta-
tions in the contiguous United States with records that 
have been corrected to the extent possible for a num-
ber of biases and non-climatic discontinuities such as 
the time-of-observation bias, station relocations, and 
changes in instrumentation. Using a large number of 
stations they show that the urban effect is detectable 
in data from stations in communities with population 
as low as a several thousand. On an annual basis the 
urban-bias effect was shown to be a nonlinear func-
tion of population such that: 

T = .00182 (POP)"045, (1 ) 
where T is the average annual temperature difference 
(°C) between a station located in an urban area with 
a known population (POP) and a rural station with 
an average of 750 residents. 

Equation 1 indicates that the urban bias increases 
most rapidly for smaller cities. On the other hand, 
the results in Karl et al. (1988a) also indicate that as 
the population drops below 100,000, not every sta-
tion has an urban-warming bias. This is at least par-
tially due to the varying station locations within each 
city with respect to the city centers. For this reason 
Karl et al. (1988a) do not recommend use of equation 
1 to predict the urban bias of any one city, but rather 
they suggest that it be used when results are to be 
aggregated for many cities to form area-averaged 
temperatures. In this regard, this method is only use-
ful in removing urban bias from large-scale averages 
of many stations. It is used here to identify the mag-

FIG. 1. Area of land stations represented by the gridded data of 
Jones et al. (1986a) and Hansen and Lebedeff's (1987) grid boxes 
15 (west half) and 16 (east half). 

nitude of the urban bias in the Hansen and Lebedeff 
(1987) data set (hereafter H&L) compared to the Jones 
et al. (1986a) data set (hereafter J) in the United States. 
In addition, the use of equation 1 allows identifica-
tion of the mix of stations that have the greatest con-
tribution to this bias. This latter step, identifying the 
mix of stations, allows estimates to be made of the 
magnitude of the urban bias in these data sets for the 
rest of the globe. 

2. Results 

The United States annual area-averaged temperatures 
(1901-84) used by Karl et al. (1988b) are compared 
to the J and H&L gridded area-averaged tempera-
tures. Figure 1 depicts the area represented by these 
gridded data. Note that gridded data over oceans are 
restricted to island stations. The area depicted for H&L 
represents two large grid boxes, one east of 90°W 
and the other west of 90°W. 

The Karl et al. (1988b) data consist of 502 of the 
original 1219 HCN stations (over 70% are in cities 
with 1980 population <10,000 and over 85% with 
population <25,000) in which every station has been 
corrected for urban bias, using equation 1, and for 
the other biases previously mentioned. The reduction 
in the number of stations is due to the requirement 
of a record period beginning in 1901 or earlier and 
omission of stations with relatively lower confidence 
regarding both corrections for station inhomogenei-
ties, and estimates of temperatures due to potential 
discontinuities that could not be tested (see Karl et 
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FIG. 2. Time series of annual average temperature anomalies 
over the United States for the HCN, the Jones et al. (1986a) gridded 
data, and the Hansen and Lebedeff (1987) gridded data. Trend 
lines are depicted with statistically significant (5% level) change 
points. 

al. 1988a). 
The H&L data largely consist of data contained in 

Monthly Climatic Data for the World (MCDW) and 
World Weather Records {WWR) without corrections 
for urban warming. In the United States the J data 
comprise a mix of stations from the United States 
cooperative network, and a number of first-order sta-
tions, many of which are contained in WWR and 
MCDW. All stations in J were adjusted for non-cli-
matic discontinuities and biases by visual inspection 
of the time series of differences of temperatures be-
tween neighboring stations. 

In figure 2 it is apparent that the trends of the three 
data sets are generally similar. They all indicate a rise 
of temperature until the 1930s and a decrease since 

FIG. 3. Time series (with statistically significant, 5% level, trends) 
of the contiguous United States annual average temperature anom-
alies of the Hansen and Lebedeff (1987) data minus the HCN and 
the Jones et al. (1986a) data minus the HCN. 

that time. The significance of the change point was 
tested using a method recently described by Solow 
(1987). In all data sets the change point was signifi-
cant at the 5% significance level. There is relatively 
good agreement regarding the timing of the change 
point, but closer scrutiny reveals differences in the 
magnitude of the trends in each of the two segments. 
In the H&L data the warming trend is larger than the 
HCN data up until the change point, and the cooling 
trend thereafter is smaller than in the HCN data. A 
similar, but considerably smaller difference is noted 
by comparing the HCN data with the J data. 

If these data sets were free of bias, the time series 
of the differences between each data set would not 
contain any trends. Figure 3 indicates that this is not 
so. A positive trend exists in the difference series. 
These trends were assessed for a significant change 
point (Solow 1987). No significant change point was 
found. The overall magnitude of the trend of the dif-
ferences is 0.15°C for J minus HCN and 0.38°C for 
H&L minus HCN. Both trends are significant at the 
5% level. 

Despite the positive trends of the differences it is 
not possible to attribute these biases to urban effects 
unless some direct assessment of the urban bias is 
made for each data set. Jones et al. (1988) have al-
ready made such an assessment in the United States 
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TABLE 1. Estimates of the heat island bias over the United States using the relationships developed in Karl et al. (1988). The slope of 
the trend of the differences between Hansen and Lebedeff (1987) and Karl et al. (1988), and between Jones et al. (1986) and Karl et al 
(1988) are given. 

Area Urban bias estimate Slope of trend 

Contiguous U.S. 

East (<90°W and <45°N) 
West (>90°W and <45°N) 
East and West combined 
Contiguous U.S. 

Jones et al. (1986) 
0.1°C (1901-1984) 
Hansen & Lebedeff (1987) 
0.40°C (1901-1984) 
0.31°C (1901-1984) 
0.36°C (1901-1984) 
0.31°C (1901-1984) 

Jones et al. (1986) minus Karl et al. (1988) 
0.11°C (1901-1984) 
Hansen & Lebedeff (1987) minus Karl et al. (1988) 

0.37°C (1901-1984) 
0.32°C (1901-1984) 

using equation 1. They assumed that every station 
that had been corrected for any bias also removed all 
of the urban bias. Such an assumption may be some-
what liberal in the sense that it is unlikely that all of 
the urban bias was removed, since, to begin with, 
none of the stations were necessarily free of urban 
bias. For the remainder of the stations, they applied 
equation 1 to the 1980 and 1920 populations (U.S. 
Census Bureau) of the cities in which their stations 
were located to obtain an estimate of the urban heat-
island bias.2 An overall bias of 0.08°C was found 
during the period 1920-80, which equates to 0.11°C 
over the 1901-84 period, a value which is slightly 
smaller than the slope of the trend of the differences 
between HCN and J (0.15°C/84 yr) (table 1). This 
indicates that most of the differences of the trends 
between these two networks is due to urban bias. The 
slight underestimate may be partially attributed to the 
assumption of complete removal of the urban biases 
for those stations in J that were corrected for any form 
of bias or non-climatic discontinuity. 

The magnitude of the urban bias for the H&L data, 
as determined by equation 1, is given in table 1. The 
1900 and 1984 population (U.S. Census Bureau) of 
the cities in which each station was located were 
used in equation 1. All the stations were within the 
contiguous United States as shown in the H&L grid 
depicted in figure 1. The first three estimates of the 
urban bias in this data set are given in terms of the 
East and West half of the area delineated in figure 1 
(Hansen and Lebedeff s grid box 15 and 16) and the 
average of these two areas. The urban bias is largest 
in the East (0.40°C/84 yr) and smallest in the West 
(0.31°C/84 yr) where both the population and the 
rate of growth of the cities in the H&L data is sub-
stantially smaller. The estimated urban bias in both 
the East and West boxes combined is 0.36°C/84 yr 
compared with the trend of the difference series be-
tween H&L and J of 0.37°C. 

Hansen and Lebedeff (pers. com. 1988) provided 
us with a recalculated time series pertaining to only 

2 The year 1920 was selected since many of the stations oper-
ating in 1980 were also operating in 1920, but considerably fewer 
were operating as far back as 1901. 

the United States (disregarding those stations over 
Mexico and island stations and adding in stations along 
the West Coast and in the Northern portions of the 
United States). In this instance, the trend of the dif-
ference series H&L (USA only) minus HCN was 0.32 
°C/84 yr, or slightly lower than the 0.37°C/84 yr es-
timated using the stations delineated by the area in 
figure 1. This compares closely to the 0.31°C/84 yr 
(see table 1) estimate of the urban bias using equation 
1 for H&L's stations located inside the United States. 
Given the similarity of the urban biases estimated from 
equation 1 and the magnitude of the trend of the 
differences between H&L and HCN, it seems likely 
that most of the differences in the trends between 
these two data sets can be attributed to urban bias in 
H&L. 

3. Discussion 

One important unanswered question is the extent to 
which these biases are evident in other portions of 
the world. It is not possible to definitively estimate 
the magnitude of the urban bias in either of these two 
global land-based data sets by using equation 1 since 
it was developed using data from the United States 
only. 

It is possible in the United States, however, to es-
timate the influence of the urban bias in the H&L data 
from stations in relatively small urban areas (1984 
population <100,000). The magnitude of the urban 
bias (1901-84) determined from equation 1 using only 
these stations is 0.06°C, and for those stations in cities 
with 1984 population in excess of 100,000 the bias 
is 0.58°C. These figures indicate that despite the non-
linearity of equation 1, the twentieth century growth 
rate of the smaller cities and towns (population 
<100,000) has been quite low relative to stations in 
cities with 1984 population exceeding 100,000. This 
relative growth rate implies that much of the urban 
bias in the United States comes from stations located 
in and around the larger cities. When Hansen and 
Lebedeff (1987) removed all stations in their global 
data set that had a 1970 population of over 100,000, 
the temperature trends from 1880 to 1984 were re-
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duced by only 0.1 °C (0.084°C over the 1901-84 pe-
riod). By comparison, the urban-warming bias in the 
United States for their data in this population category 
was nearly 0.6°C. Since the contiguous United States 
is about 5% of global land mass this simple exercise 
in multiplication implies that the average bias over 
the period 1901-84 for all remaining stations located 
in urban areas outside the United States with 1970 
population in excess of 100,000 is only 0.05°C. For 
comparison, this bias is slightly less than the urban 
bias detected in the 502-station network in HCN, 
which is primarily a network of rural stations. The 
large difference in the magnitude of the urban bias 
between the United States and the rest of the world 
is puzzling. For example, there is no question that 
the magnitude of the heat island in some tropical 
locations (Mexico, Brazil, China, India, and Africa) 
can be as large or larger than those observed in the 
United States (Jauregui 1984, Chow Shu Djen 1984, 
Oguntoyinbo 1984, Padmanabhamurty 1984, Mon-
teiro 1984). Furthermore, in the arctic environment 
at Fairbanks, Alaska, Weller (1982) observed a heat 
island well over 10°C during a strong inversion cen-
tered over downtown Fairbanks and its airport (which 
is located outside the city). Such a large heat island 
(>10°C) however, is not expected on an annual basis 
as heat islands of this magnitude have only been doc-
umented during intense inversions. The small amount 
of urban bias outside the United States in the H&L 
data set implied from their analysis may be due to 
one or more of the following: 

1. The growth of heat islands in the contiguous 
United States has been quite anomalous com-
pared to the rest of the world 

2. There has been a large increase in population 
since 1970 in the cities used by H&L that would 
not have been detected by Hansen and Lebed-
eff (1987). This rise in population would lead 
to rapid increases the urban heat-island bias for 
stations in and around these cities 

3. The location of stations with respect to the ur-
ban heat island is systematically different in the 
United States compared with the rest of the 
world, although given the measurements of 
Weller (1982) in particular, the human activity 
and urbanization around airports can also be 
very important. 

A question arises regarding the much smaller urban 
bias found over the United States in J compared to 
H&L. If this is a result of Jones et al/s (1986a) removal 
of stations with large, growing heat islands, and if 
they were as successful throughout the rest of the 
world, the total urban warming bias over the twen-
tieth century may also be around 0.1 °C. In fact, when 
the "extra" cooperative stations (more rural) are re-

moved from J, and only those stations they used from 
MCDW (disregarding stations that they had corrected 
for any form of bias) are considered, the magnitude 
of the urban bias determined by equation 1 is 0.15°C 
(1901-84). As indicated earlier with respect to the 
urban bias in H&L, however, there are important un-
certainties with respect to applying the biases found 
in J over the United States to the rest of the world. 
First, the ability to detect urban bias is dependent on 
nearby stations free of urban bias. The additional co-
operative (rural) stations used in the United States 
may have aided in this regard. Second, the growth 
rate of urban heat islands in other parts of the world 
may be more or less than that in the United States. 
Third, the location of stations with respect to the growth 
of the urban heat island may be different elsewhere 
in the world. 

4. Conclusions 

Given the importance of early detection of the green-
house effect, it is essential that detailed studies of the 
impact of urbanization on long-term temperature 
trends begin immediately. The potential bias of the 
urban effect in global data sets has not been defini-
tively assessed. At present, only rough estimates of 
the potential impacts of urbanization can be given. 
This includes an urban bias in the Hansen and Le-
bedeff (1987) data over the United States between 
0.3°C and 0.4°C over the twentieth century, which 
is larger than the overall trend in the United States 
during this period. For the Jones et al. (1986a) data 
the urban-warming bias is substantially smaller, 0.1 °C, 
which is slightly less than the twentieth century tem-
perature increase in the United States. To our knowl-
edge, the United States is the only large area of the 
globe where the magnitude of this bias has been thor-
oughly studied. The magnitude of the urban bias in 
two global, land-based data sets was found to be a 
substantial portion of the overall trend of global and 
regional temperatures. Given these circumstances we 
believe that high priority should be given to a thor-
ough study of this problem for other parts of the globe. 
Such a study would require a comparison of urban 
and rural temperatures throughout the year. These 
comparisons are essential for a definitive estimate of 
the magnitude of the urban bias in global land-based 
temperature trends. 
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