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ABSTRACT 

This report examines the reliability of surface 
temperature observations reported by the National 
Weather Service Washington National Airport (DC A) 
station for seven heating seasons (October-April) 
from 1978-79 through 1984-85. After a brief 
description of the H061 hygrothermometer system, 
DC A's reported temperatures are compared with 
those derived from a net work of fifteen surrounding 
stations. The procedure .involved analyzing monthly 
charts of temperature deviation from the 7-year 
average (with DC A omitted) and .interpolating DC A's 
value. From th.is comparison, monthly temperature 
adjlBtments were obtained for all 49 months (seven 
seasons). These data show that, on average, DCA's 
temperatures had a warm trias through the first half 
of the data sample and a cold bias throug'1 the 
latter half. The monthly trias ranged about +2oF .in 
February and fvfarch of 1980 and 1981 to -2 F in 
April 1983 and nearly -~F .in December 1984. The 
periods of greatest unreliability of 0 C A's 
temperature were the heating season 1980-81, 
January-A pril 1982 and 0 ctober 1984-fvf arch 1985. 
It is concluded that aging of the H061 made routine 
maintenance increasingly difficult and probably led 
to the occurrence of questionable temperatures. 
fvfost of DC A's temperature irregularities and 
.instrument problems were recently overcome by 
installation of a new model hygrothermometer .in 
July 1985. 

1. INTRODUCTION 
For several years prior to 1982, forecasters in 

the National Weather Service (NWS) National 
Meteorological Center were aware that surface 
temperatures reported at the Washington National 
Airport (DCA) had a warm bias; i.e., they appeared 
higher than surrounding stations. This bias was so 
persistent that forecasters in the Climate AnalYSIS 
Center (CAC) and Medium Range Forecast Group 
routinely applied positive corrections to their 
forecasts. At the same time the bias was 
repeatedly brought to the attention of NWS officials 
by many cooperative observers and some NWS 
employees. 

The problem was apparently solved in late 
December 1981 when the N WS replaced an 
inoperative ventilation motor, resulting in a 2
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downward change in DCA's thermometer. However, 
the Washington Gas Light (WGL) Company's monthly 
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plots of gas consumption (sendout) vs temperature at 
DCA continued to display certain inconsistencies. 
Since the relationship between temperature and gas 
sendout is very reliable according to WGL, the 
problem was thought to be due to temperature. 
This study investigates the problem from two aspects 
- instrumentation and data analysis. 

The instrument used to measure temperature at 
DCA was one in general use throughout the NWS; 
namely, the H061 hygrothermometer. Increasing 
problems with this instrument after 1975, such as 
erratic behavior, scarcity of spare parts and 
apparent metal fatigue, suggested that the system 
had outlived its usefulness. At the same time, the 
entire maintenance program may have suffered 
because of increased time demands on electronic 
technicians (ET's). 

This study utilizes surface temperature data 
from 16 stations in the Washington area for seven 
heating seasons (1978-79 through 1984-85). The data 
were obtained from three stations of the NWS, two 
from the Air Weather Service, ten from the 
Washington Metropolitan area's network of 
cooperative observers, and one from WGL. Two 
methods of computing monthly and 7-year means 
were compared at the six stations reporting hourly . 
One method used 24 hourly observations per day, the 
other employed daily maximum and minimum readings. 

Temperature adjustments (corrections) to DCA's 
reported monthly mean temperatures were obtained 
by comparison with the fifteen stations in the 
surrounding network. The procedure consisted of 
analyzing monthly maps of temperature deviation 
from the 7-year averages, with the DCA report 
omitted, and then interpolating the value for DCA. 
The difference between the reported and 
interpolated temperatures represents the monthly 
bias at DCA, positive when too high and negative 
when too low. 

Section 2 describes the temperature 
instrumentation at DCA and its maintenance and 
calibration procedures. In Section 3, the reliability 
of DCA's temperature is examined by comparing it 
with temperatures observed at a network of other 
stations in the Washington area. Results are 
summarized and discussed in Section 4, and 
recommendations are given in Section 5. 



This paper is a condensed version of a report 
prepared by Intercon Weather Consultants for the 
Washington Gas Light Company and is printed with 
their permission. F or additional details see 
reference No.5. 

2. INSTRU MENTA nON 

a. Background and environmental survey 

Air temperatures can be measured to within a 
thousandth of a degree if desired (6). 
Instrumentation of such accuracy would be 
impractical in normal meteorological operations for 
two reasons: first, it would result in rapid and 
large fluctuations that serve no useful purpose and 
second, its cost would be very high. Selection of 
an appropriate temperature measuring device for an 
agency such as the NWS often becomes a 
compromise among meteorologists, climatologists, 
aviation interests and administrators - each having 
their own opinion of what degree of accuracy is 
necessary. For example, the H061 
hygrothermometer, the most common instru ment used 
by the NWS during the 1978-1985 period, was 
designed to measure temperatures within 10F of a 
mercurial thermometer. 

Acknowledging the capability of today's 
thermometer, meteorology is still faced with the · far 
more difficult problem of obtaining representative 
temperatures (7). This difficulty can arise when 
certain meteorological conditions inhibit the mixing 
of the lower atmosphere, or when types of 
instruments and their surroundings are inconsistent 
from one station to the next. Obviously, the former 
situation cannot be controlled, but management of 
the latter can help achieve some order of 
representativeness. Establishing all weath.er stations 
at airports has provided instrumentation of a largely 
rural setting without the inhibiting metropolitan 
influences. It follows that uniformity should prevail 
in the design and operating principles of the 
instruments themselves. 

The transition of temperature commonly found 
between locations with rural settings are assumed to 
be gradual and of little consequence climatically. 
But at DCA (and at some other major airports) 
surroundings cannot be classified as rural because of 
the highly developed Crystal City to the west and 
the wide Potomac River to the east. The 
differential heating created by this situation favors 
low level discontinuities in wind circulation, stability 
and temperature distribution. 

Airport o N D 3 F M 

DCA ssw S NW NW S NW 

BWI NW WNW WNW WNW NW WNW 
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A comparison of monthly prevailing wind 
directions at DCA and the Baltimore-Washington 
International Airport (B WI) reveals a significant 
disparity (8). Table indicates that west to 
northwest winds prevailed at B WI for 11 months of 
the year, but southerly winds prevailed at DCA for 
9 months of the year. 

The cause of the dissimilarity is probably the 
effects of Washington's heat island and Potomac 
River generating a localized circulation pattern. 
Vukov itch (9) describes such a circu lation as being 
similar to a sea breeze where currents rise over the 
city and subside over the suburbs. 

Table 2 summarizes technical data that are 
pertinent to the temperature measuring equipment at 
first-order weather stations in the Washington area. 
The data are largely self-explanatory, but several 
items should be elaborated upon. "Hydro Elev" 
indicates height of the ground (msJ) where the 
hygrothermometer is located. The relatively low 
elevation of Washington's installation is due to its 
proximity to the Potomac River; it is located at the 
southern end of the North/South runway near the 
river. Entries following "Arpt Elev" are the official 
altitudes of airports (msJ) and heights of station 
barometers. All models listed after "Hydro lO" have 
similar construction and operation within the general 
classification of hygrothermometer. These models 
were those in operation in April 1985. With the 
exception of B WI's H063, they functioned throughout 
the period of study (Oct 1978-Apr 1985). The H063 
was in operation by December 1981. 

b. Description of the H061 hygrothermometer 

Washington National's H061 was commissioned on 
September 30, 1960 at a site 0.38 miles southeast of 
the weather office (8). The instrument was moved 
on August I, 1975 to its present location 800 feet 
further south-southeastward. Descriptions that 
follow are identical for both ambient temperature 
and dew point circuits. 

Figure shows components of the H061' s 
remote installation at DCA. The cylindrical 
structure in the upper right (thermal shield) houses 
the temperature and dew point sensing elements and 
the aspirator motor. The aspirator draws the 
outside air upward through the bottom of the 
assembly, across the sensing elements, and expels it 
through the bell-shaped portion at the top. The 
motor runs continuously, providing a uniform air flow 

A M 3 J A s 
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Table · 1. Direction of monthly average prevailing surface winds at 
DCA and BWI (8). 
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TJ;t.r.:S""IT 
SUPPQFi TS 

Wash Nat Dulles lnt BaIt-Wash Andrews Davison 
(DCA) (lAD) (BWl) (ADW) (DAA) 

Distance 23.8mi 29.8mi 9.Smi 12.Smi 
from DCA 

Latitude 38 0 S0' 38 0 S7' 39°11' 380 49' 38 0 43' 

Longitude 77°02' 77°27' 76°40' 76°51' 77°11' 

Hygro 10ft 290ft 148ft Unk Unk 
Elev* 

Arpt 65ft 323ft 155ft 274ft 67ft 
Elev* 

Hygro lD H061 H061 H063 AN/TMQ AN/TMQ 
(Apr 8S) 11(v)e 11 (v) 

Accuracy .:tloF .:tl oF ±2 oF .:tl. SOF .:tl. SOF 

Ht Abv 4ft Sft 4ft 6ft e 6ft 
Grnd 

Note: "e" following an entry means that the information has been 
estimated. 

"*" denotes elevation with respect to mean sea level . 

"ID" indicates model number of hygrothermometer. 

Table 2. Instrumental and environmental data at airports in Greater 
Washington Metropolitan Area. 

CAP ILLt.RV 
LL- BOX 

and constant conditioning of the sensors. Elaborate 
provisions have been made to eliminate detrimental 
solar and radiative effects that could modify true 
air temperatures. Inside the thermal shield, the 
sensor is mounted in a thermos flask surrounded by 
a radiation shield for ma ximum protection. 

The basic system of temperature measurement is 
one in which temperature becomes a function of 
time rather than an electrical quantity. This 
method, known as "Time Impulse Telemetering", has 
been in use for many years and is recognized to be 
rel iable and accurate for extended periods of time. 
In addition, since time intervals rather than 
electrical quantities are being transmitted, the 
necessity for high quality lines are less of a 
problem. For a more detailed description of the 
H061, the reader is referred to references (10) and 
(11 ). 

c. Maintenance and calibration procedures 

Fig. 1. Major components of H061 hygro
thermometer at Washington National 
Airport. 

Maintenance procedures are standard throughout 
the NWS regardless of hygrothermometer model. In 
general , the ET's perform routine maintenance and 
checks on a monthly basis , or as near to that 
schedu Ie as other responsibilities allow. Individual 
parts of the hygrothermometer system have their 
own particular maintenance schedule. Departures 
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from these routines would occur upon notification by 
weather station personnel of abnormal operation. 
Weather observers are normally required to make 
weekly comparisons of hygrothermometer readings 
with shelter readings, usually at reliable roof top 
sites convenient to weather offices (10). Roof-top 
readings are made with psychrometers using 
mercurial thermometers. 

When the temperature difference is greater than 
o 

2 F, ET's make a prompt comparison at the 
hygrothermometer site. At the present time, 
comparisons are made daily at DCA, following an 
irregular performance period that was "corrected" in 
December 1981. 

Maintenance schedules of the installation's 
components vary, based on a reasonable expectation 
of performance and wear. For example, the 
maintenance interval for the aspirator motor is 
quarterly inspection and lubrication every two years; 
the dewcell should be reconditioned quarterly; a 
routine check of the temperature circuit's operation 
should be done twice a year; the thermal shield, 
which is sub ject to collecting dirt, birds and insects, 
is inspected as often as the environment dictates. 

The ET's make temperature comparisons by 
VISItS to the instrument site as conditions warrant. 
This is done in connection with routine maintenance 
or when called for by roof- top comparisons. The 
on-site comparisons are done with a mercurial 
thermometer and differences must not exceed IOF. 
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3. DATA ANALYSIS 

a. Date base and station network 

The data used in this study consisted of surface 
temperature observations from 16 stations in the 
Washington Metropolitan Area (Fig. 2) for the seven 
heating seasons from October 1978-April 1979 
through October 1984-April 1985. Sites 1-6 report 
hourly observations, while the others report once a 
day. Hourly data in the form of microfiche and 
listings for Baltimore-Washington International 
Airport (B WI), W ashington-Du lIes International 
Airport (lAD), Davison Army Air Facility (DAA) and 
Andrews Air Force Base (ADW) were obtained from 
the National Climatic Data Center (NCDC) in 
Asheville, N.C. by Intercon Weather Consultants 
OWC). Data for DCA and WGL's Rockville station 
were already available. 

Sites 7-16 were selected from the Washington 
Metropolitan Area's network of cooperative stations, 
where volunteer observers take weather observations 
once a day. Stations in this network have dedicated 
observers, and most use standard maximum! minimum 
mercury-in-glass thermometers in official NWS 
Cotton Region Shelters. Station selection was based 
primarily on known reliability, time of observation 
and site distribution around DCA. Data for these 
stations were obtained from the NWS monthly 
publication "Metropolitan Washington Climate 
Review" (12). In a few instances, information about 
data and station description were obtained from the 
observer. 

Montgomery County 

ICAlf 11 ...uTltAllIlUI 
• I I 1 , I • 

Fig. 2. Location, station identifiers 
and index numbers of 16 stations 
stations used in this report. 
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It is well known that the time of day at which 
once-daily observations are taken introduces a 
non-climatic bias into the reported monthly 
temperature means (13), (14), (15). An empirical 
model has recently been developed to estimate this 
bias for both maximum and minimum monthly average 
t~mperature as well as monthly mean temperature 
(16). Because of this bias, adjustments derived by 
Blackburn (14) have been applied to the data 
reported by the cooperative stations used in this 
study. The resulting adjusted temperatures 
approximate what the average would have been if 
all observers read their thermometers at midnight, 
when, by definition, the correction is zero. The 
adjustments vary from month-to-month and are 
generally greatest near times of daily maxima and 
minima. A typical example of the magnitude of 
adjustments is given in Table 3. Here we can 
calculate that if an observer taking readings at 6 
a.m. had, instead, taken his readings at 4 p.m., his 
average maximum temperature for March 1980 would 
have been 3.7°F higher, and his minimum 3.30 F 
higher. 

A complete listing of stations used, including 
location, time of observation and observer, are given 
in the Station Index in Table 4. As far as we can 
ascertain, none of these stations were relocated 
during the 7-year period of this study. 

b. Computation of temperature means 

Daily mean temperatures were obtained by 
averaging the 24 individual hourly observations from 
0100 local standard time (LST) to 2400 LST for the 
six stations reporting hourly temperatures. Monthly 
and 7-year means were then computed from daily 
means. This method, while appearing to represent a 
"true" mean, does not account for intra-hourly 
extremes. The NWS routinely sums the daily 
maximum and minimum temperatures (reported from 
midnight to midnight), then divides by two to find 
the average for the month. The two methods were 
compared to determine whether there was a 
significant difference. 

The comparison was made for the entire data 
sample using the six stations which take hourly 
observations. It was found that greatest differences 
between the two methods amounted to about 50 F for 
daily means, l oF for monthly means and 0.6oF for 
7-year means. These differences become smaller 
with averaging period and are related to 
meteorological factors such as frequency and time of 
frontal passages, cloudiness and diurnal temperature 
range. Seasonal differences also may exist, as 
suggested by Table 5 which gives the average 
monthly difference (bias) between the two methods, 
computed as 24-hourly mean minus mean of two 
daily extremes. Although differences between 
stations and months are generally insignificant, 
October has a uniformly negative bias and April a 
POSIt! ve bias. In other words, temperatures 
comcEuted from 24 hourly observations average about 
0.2 F lower in October and about 0.3 0 F higher in 
April than those obtained from daily extremes. 

In comparing the monthly means, it was 
determined that 226 months (out of 294) had 
differences less than 0.5 0 F. DCA had the fewest 
months (8), and lAD the most months (15) in which 
the differenc~ between the two methods equalled or 
exceeded 0.5 F. These frequency extremes appear 
to be related to diurnal temperi5ture range since 
DCA had the least range (15.8 F) and lAD the 
greatest range (20.7°F) of the six stations studied. 

In view of the small differences between these 
two methods of computing temperature means, no 
distinction was made between them in the analysis 
procedure which follows. 

c. Comparison of DCA's reported temperatures 
with a standard 

Since the accuracy of DCA's reported 
temperature is being questioned, we developed a 
standard with which the reported temperatures could 
be compared. This was done by plotting and 
analyzing temperature deviation maps for the 
Greater Washington Metropolitan Area on the basis 

Table 3. Adjustments applied to monthly average 
minimum and maximum temperatures (OF) for March 
1980 as a function of time of observation. 

Time of Temperature 
Observation Minimum Maximum 

6 am +2.1 +1.4 
7 +1.7 +1.4 
8 +0.4 +1.4 
9 -0.6 +1.4 

10 -1.0 +1.1 

4 pm -1.2 -2.3 
5 -1.2 -1.9 
6 -1.1 -1.4 
7 -1.0 -1.0 
8 -0.8 -0.5 
9 -0.6 -0.3 

10 -0.4 -0.2 
11 -0.2 -0.0 
Mid 0.0 0.0 
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Number 

1 

2 
3 

4 
5 
6 
7 
S 
9 

10 
11 
12 
13 
14 
15 
16 

Location 
Identifier 

BWI 

WGL 
lAD 

DAA 
ADW 
DCA 

Month 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

Mean 

Station 

BaIt-Wash Int 
Airport 
WGL Company 
Wash-Dulles 
IntI Airport 
Davison AAF 
Andrews AFB 
Wash Nat Arpt 
Glenmont 
Langley 
Springfield 
Temple Hills 
Arlington 
Alexandria 
Glenn Dale 
Laurel 3W 
Natl Arboretum 
Nrn Route 210 
(3 site avg) 

Location 

Anne Arundel 
Cty MD 
Rockville MD 
Fairfax Cty VA 

Fort Belvoir VA 
Pr Georges Cty MD 
Arlington VA 
Montgomery Cty MD 
Fairfax Cty VA 
Fairfax Cty VA 
Pr Georges Cty MD 
Arlington Cty VA 
Alexandria VA 
Pr Georges Cty MD 
Laurel MD 
Dist of Columbia 
Pr Georges Cty MD 

Table 4. Station index 

STATION 

DCA lAD BWI DAA ADW 

-0.4 -0.3 0.0 -0.4 -0.2 

-0.1 0.0 0.0 0.1 0.0 

-0.2 0.1 0.1 0.1 0.0 

0.0 0.3 0.2 0.1 0.1 

-0.2 0.1 0.0 0.1 0.0 

-0.2 0.1 0.2 0.3 0.1 

0.0 0.5 0.3 0.6 0.2 

-0.16 0.13 0.11 0.13 0.03 

Observation 
Time (LST) 

Midnight 

II 

II 

II 

II 

II 

II 

II 

10-11PM 
llPM 

7PM 
7PM 
4PM 

Midnight 
SAM 

9, 11PM, 
Midnight 

WGL 

-0.2 

0.2 

0.2 

0.3 

0.0 

0.1 

0.4 

0 . 14 
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Observer 

Natl Weather Svc 

WGL Company 
Natl Weather Svc 

Air Weather Svc 
Air Weather Svc 
Natl Weather Svc 
Stanley Rossen 
J. Murray Mitchell 
A. J. Wagner 
E. Paroczay 
C. H. Pals 
E. V. Lucas 
USDA Plant Station 
Wash Sub Sant Comm 
U.S. Natl Arbrtm 
Lambert, Smith, 
Alexander 

Mean 

-0.25 

-0.03 

0.05 

0.17 

0.00 

0.10 

0.33 

0.06 

Table 5. Average difference between mean monthly temperature 
(oF) computed from 24 hourly observations and means computed 
from actual extremes for the period midnight to midnight, 
for stations in the Washington, D.C. area, for heating 
season months from October 1978 through April 1985. 
Seasonal and monthly means also given. 

of all station reports in our network, except DCA. 
Our standard was derived by computing monthly 
deviations from the 7 -year averages for both the 
fi ve stations with hourly observations and the ten 
cooperative stations surrounding DCA. Of course, I 

similar results could have been obtained by analyzing 
absolute values of temperature, but the isotherms on 
such maps have very strong gradients that are 
difficult to interpolate accurately. Deviation maps, 
on the other hand, have weaker gradients because 
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they smooth out climatological differences in local 
temperatures and therefore can be interpolated with 
greater accuracy. 

Values of monthly mean temperature deviation 
wer~ plotted for all stations (except DCA) for each 
month of the heating season from 1978-79 through 

1984-85. Isopleths of equal temperature deviation 
from the 7-year aver~e were then drawn using an 
interval of 1.00F (0.5 F when necessary), as in the 
examples shown in Figure 3. In the analysis 
procedure the plotted data was sometimes smoothed 
when it did not appear to "fit", as in Figure 3B in 
the area near DCA. Additional cooperative station 
data was frequently available for this purpose. 

Fig. 3. Monthly mean temperature deviations (oF) from 1979-85 
average at 15 stations in Washington Metropolitan Area (not 
including DCA) for (A) February 1981 and (8) February 1985. In 
(A) DCA deviation is estimated from the analysis to be 3.7o F, but 
the reported (observed) deviation was 5.6oF, giving a warm bias of 
1.90 F. In (8) DCA deviation is estimated from the analysis to be 
1.90 F, but the reported (observed) deviation was -O.4 oF, giving a 
cold bias of 2.3 0 F. 

The final step in this procedure was to 
interpolate DCA's monthly mean temperature anomaly 
from the map analyses . These interpolated anomaly 
values represent temperature deviations from the 
7-year average that should have been reported at 
DCA to make them consistent with the surrounding 
station network. Examples shown in Figure 3 are 
for a warm (A) and cold (B) bias. Note that DCA is 
the only station with a negative temperature 
deviation in Fig. 3B. Table 6 gives the reported 
DCA monthly mean temperature (col. 1) and its 
deviation from the 7-year average (col. 2), while the 
analyzed (estimated) DCA temperature deviation is 
given in column 3. The difference between columns 
3 and 2 (col. 4), added to column 1, gives the newly 
estimated monthly mean temperature at DCA (col. 5). 

Graphs of monthly temperature bias, positive 
when DCA's reported temperature is higher, and 
negative when the reported temperature is lower, 
than the estimated, are shown in Figure 4 for each 
of the seven seasons. From the graphs it is quite 
evident that DCA had an increasingly warm 
temperature bias until the end of 1981. 

This bias was apparently removed by 
maintenance procedures in late December 1981 after 
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serious problems were discovered (17). However, 
temperatures in January 1982 were found to have a 
negative bias of about _loF (Fig. 4). A cold bias, 
although generally small, continued through the next 
two heating seasons. Ser ious problems then 
appeared by the 1984-85 season when the cold bias 

o averaged nearly -2 F from October through March. 
This bias was apparently removed in late March of 
1985. 

It is interesting to note that the average 
monthly warm bias during the first 3 1/2 heating 
seasons was +0.80F, but during the last 3 1/2 
seasons, the cold bias averaged _0.90F. This is 
additional evidence that the thermometer adjustments 
made at the end of December 1981 were overdone 
by about 10F. 

4. SU MMARY AND DISCUSSION 

Aging of the H061 hygrothermometer at DCA 
appears to be largely responsible for the increasing 
occurrence of questionable temperatures reported 
after the mid-1970's. After 15 'years of operation, 
repairs became not only more frequent, but also 
more difficult because of scarcity of spare parts and 
maintenance problems. 



Reported Estimated 

Mean Dvtn Dvtn Adj Mean 
(3-2) ( 1+4) 

YEAR/COLUMN 1 2 3 4 5 

OCTOBER 

1978 59.3 -0.8 -1.3 -0.5 58.8 
1979 58.4 -1.8 -1. 7 0.1 58.5 
1980 59 . 5 -0.7 -1.0 -0.3 59.2 
1981 58.5 -1. 5 -2 . 5 -1.1 57.5 
1982 59.9 -0.2 0.5 0.8 50.7 
1983 50.7 0 . 5 0.5 0 . 1 50.8 
1984 54.5 4.4 5.5 1.1 55.7 

NOVEMBER 

1978 52.0 1.3 0.9 -0 . 4 51. 5 
1979 54.1 3.5 3.2 -0.3 53.8 
1980 48.4 -2.3 -2.9 -0 . 5 47.8 
1981 51. 5 1.0 -0 . 1 -1.1 50.5 
1982 51.9 1.2 2.1 0 . 9 52.8 
1983 50.1 -0 . 5 0 . 5 1.1 51.2 
1984 45.1 -4.5 -3.1 1.5 47.5 

DECEMBER 

1978 42.8 1.2 0.7 -0.5 42.3 
1979 43.0 1.4 1.4 0.0 43.0 
1980 39.5 -2.1 -2.7 -0.5 38.9 
1981 38 .7 -2.9 -3.5 -0 . 7 38.0 
1982 45 . 9 4.3 4.9 0.6 46 . 5 
1983 36 . 3 -5.3 -5.8 -0.5 35.8 
1984 45.0 3.4 5.1 2.7 47.7 

.JANUARY 

1979 35.1 1.5 0.0 -1.5 33.6 
1980 37.1 3.5 3.1 -0.4 35.7 
1981 33 . 2 -0 . 4 -1.4 -1. a 32.2 
1982 28.6 -5.0 -3.9 1.1 29.7 
1983 38.2 4 . 6 4.9 0.3 38.5 
1984 32.4 -1.2 -0.9 0 .3 32 . 7 
1985 30 . 7 -2.9 -1. 1 1.8 32.5 

FEBRUARY 

1979 28.5 -9.7 -10.3 -0 . 6 27.9 
1980 36.2 -2 . 0 - 3.8 -1. 8 34 .4 
1981 43.8 5.6 3.7 -1.9 41 . 9 
1982 38.6 0.5 1.0 0.5 39.1 
1983 38 . 5 0.3 0 . 8 0.5 39.0 
1984 43.9 5 . 7 6.3 0 . 6 44 . 5 
1985 37.8 -0.4 1.9 2 . 3 40 . 1 

MARCH 

1979 50 . 9 4 . 0 4 . 3 0 . 3 51.2 
1980 46.1 -0.8 - 2.4 -1. 6 44 . 5 
1981 47 .4 0 . 6 -1.7 -2 . 3 45.1 
1982 45.4 -1. 5 0.3 1.8 47. 2 
1983 48 . 5 1.6 1.6 0 . 0 48.5 
1984 42 . 0 -4.9 -4.7 0 . 2 42.2 
1985 47 . 8 1.0 2.7 1.7 49.5 

APRIL 

1979 56.0 -1. 6 -1. 7 -0.1 55.9 
1980 59 . 8 2.2 1.2 -1.0 58.8 
1981 52 . 2 4.5 3.3 -1.3 60.9 
1982 54 . 6 -3.0 -2.5 0 . 5 55.1 
1983 53.2 -4. 5 -2 . 3 2 .2 55.4 
1984 55 . 1 -2.5 -1. 7 0 . 8 55.9 
1985 61.9 4.3 4.3 0.0 51.9 

Table 6 - Reported and estimated mean 
temperatures, deviations from 7-year 
average and adjusted deviations at DCA 
for heating season months from October 
1978 through April 1985. All data in 
OF. 

In later years, for example, metal fatigue became 
apparent as adjustments could only be made 
effective for a limited temperature range. I 
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Fig. 4. Monthly mean temperature devia
tion adjustments (bias) and heating 
season average (OF) at DCA for the 
1978-79 through 1984-85. Positive ad
justments indicate DCA's reported 
temperature was too high (warm bias), 
negative adjustments that the reported 
temperature was too low (cold bias). 

We have shown that 
mean temperatures had 
through 1981, reaching a 

DCA's 
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1981. The warm bias was replaced by a cold bias 
as of January 1982, and was greatest during the 
198~-85 winter months of December (-2.7°F8 January 
(_1.80 F), February (_2.3 0 F) and March (-1.7 F). The 
change in bias from warm to cold was at least 
partially related to the 20 F downward adjustment of 
DCA's thermometer on December 29, 1981 (17). 
Comparison of average bias for the months 
immediately preceding and following and for the 
7-year data sample

b 
indicate this adjustment was 

overdone by about I F. 

Wagner (18), in an ongoing study, has computed 
the monthly mean temperature bias at DCA and 
other NWS first-order stations since 1972. His . 
results are well correlated with ours, despite use of 
a different period for the temperature normals 
(I9~0-1971). Both studies show that DCA's warm 
bias peaked during the 1980-81 heating season, while 
the cold bias was greatest in 198~-85. 

The 20 F downward adjustment of DCA's HOGI 
on December 29, 1981 raised many questions in early 
1982 within the NWS such as: 

I. Should climatological records be changed to 
eliminate previous errors? If so, what 
months would be corrected? 

2. Should climatological publications be 

3. 

reprinted or flagged to indicate that there 
was a problem with DCA temperatures? 

Should the 
adjusted by 
temperature 
computed? 

1980 temperature records be 
NCDC before the new ' 30-year 

normals for 1951-80 were 

After much consideration, NWS decided not to 
adjust DCA's temperature record since it had not 
been determined quantitatively what part of the 
adj ustment was instru mental and what part was due 
to real mesoscale differences between DCA and 
surrounding locations. However, it was agreed that 
a homogeneity analysis of DCA's temperature record, 
similar to this study, should be undertaken to 
further examine HOGI system biases since 1979-80. 
As of this writing, this has not been done, and no 
action has been taken by the NWS concerning 
correction of climatological records. 

5. RECOMMENDATIONS 

The most obvious recommendation for improv.ing 
the temperature measur.ing system at DCA is to 
install a ne w state-af -the-8I't hygrothermometer. 
This actually took place during the course of this 
study, in July 1985. Another recommendation would 
have been for ET personnel to retain maintenance 
logs for an indefinite period. Heretofore, it had 
been standard practice to discard such records after 
6 months. Clearly this procedure hampered research 
for this project, and desirable revisions were made 
in early 1985. 

The ne w instrument, the H08J, has good 
prospects of being accurate, reliable and easy to 
maintain. If this happens, maintenance and 
comparison procedures could become lax, and the 
history of the H06l could repeat itself. For this 
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reason, we recommend the folla wing practices be 
established as permanent procedures: 

1. Hygrothermometer models between 10 and 
15 years of age be routinely replaced with 
a state-of -the-art model. 

2. Maintenance lJJgs be stored on computer 
discs or tapes for the life of the model. 

J. Monthly maintenance schedules and on-site 
temperature comparisons be sustained. 

4. Roof-top comparisons be continued at least 
twice weekly. 

We also recommend that DC A's temperature 
data be monitored on an ongoing basis in a manner 
similar to the data analysis procedures discussed in 
this study. This practice would provide a reliable 
and early means for detection of non-representative 
instrument performance. Thll5, many problems and 
frustrations formerly encountered may be avoided in 
the future. We further believe that DCA's past 
experience with temperature is not unique in the 
N WS. Therefore, similar programs should be 
conducted for other stations with questionable 
temperature data. 
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