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A COllPAllA"ftVE STUDY OF TBB TllY ARD TMY 
llET'BOROLOGJCAL DATA 

John Anderson and Doug Madison 
SOJar Energy Research Institute 

Golden, Colorado 

This study compares the data fer 20 sites common to the 
Test Reference Year (TRY) and Typical Meteorological 
Year (TMY) data sets. The TRY and TMY data was com
pared in terms of eight statistics that are important in 
determining heating and cooling loads in buildings and 
solar systems performance. The eight statistics include 
average dry-bulb and dew-point temperatures, heating and 
cooling degree-days, humidity ratio, and average inmla
tion values. For most locations the average dry-bulb tem
peratures agreed fairly welL The heating and cooling 
degree-day values also were close, with standard devia
tions less than 10% of typical values. However, the sta
tistics relating to ambient humidity did not agree, and the 
insolation values generated from the TRY data (with the 
ASHRAE/DOE-2 algorithm) were quite different from the 
TMY values. Overall, the TRY and TMY data sets are not 
interchangeable over a wide range of simulation problems. 

lllTllODUC'110N 

An initial stumbling block in solar system and building 
performance design has been the lack of widely accepted 
"representative" weather data. At present, two major 
sets of typical data dominate: the TRY, established by a 
technical committee of the American Society of Heating, 
Refrigerating, and Air-Conditioning Engineers (ASHRAE); 
and the TMY, which was chosen by Sandia Laboratories 
under contract to the Department of Energy (DOE). 

To understand the differences between the TRY and TMY 
data sets, one must understand how each of the data sets 
was chosen. The TR Ys were chosen on the basis of dry
bulb temperature alone [l] • Years that contained tem
perature extremes were eliminated from the collection of 
years for which data were available. Thus, the first year 
eliminated was that which contained the hottest July; the 
second year eliminated was that containing the coldest 
·January, etc. After all but one of the available years of 
data had been eliminated, the remaining year was desig
nated the Test Reference Year. 

By contrast, the data for TMYs were chosen on a monthly 
basis [21. Thus, a TMY is normally composed of one month 
from each of 12 different years. The pool of available 
data was nal'l'owed to five candidate months based on a 
statistic that included the weighted eftects of dry-bulb 
temperature, dew-point temperature, wind velocity, and 
insolation. Table 1 shows the weighting factors used. The 
single most typical month was chosen from among the five 
candidate months on the basis of the day-to-day "persist-

Table 1. w~ Paetars Used in 8'Jeetlnc 
Cmdldate Months for TMYs8 

Dry Bulb Dew Point 

Min Mean Max 
1/24 2/24 1/24 

Wind Velocity 

Max 
2/24 

Mean 
2/24 

8 From Ref. £21. 

Min Mean Max 
1/24 2/24 1/24 

SOlal' Radiation 

12/24 

ence" of the dry-bulb temperature and global radiation. 
The procedure that was used to select the TMY data thus 
gives primary consideration to insolatlon values and much 
less consideration to other factors such as dry-bulb tem
perature. 

Of course, the user's main concem with these procedures 
is whether they produce a data set that is representative 
of the long-term data for.- given location. This issue has 
been addressed by studying each of these data sets indi
vidually. Arens et aL [51 compared the number of heating 
and cooling degree-days calculated from the TRY data to 
those calculated from the long-term data. His results 
showed that although the TRY data contained slightly 
cooler temperatures than the long-term data, the agree
ment was good. Freeman [61 made an exhaustive exami
nation of the representativeness of the TMY data in terms 
of both the building loads and predicted solar system per
formance. He discovered some discrepancies in the 90lar 
system perfcrmance predicted for months with low loads, 
and he dolt>ted the typicality of the diffuse radiation. 
However, he concluded that the agreement between the 
TMY and the long-term data was adequate for most simu
lation work, especially when the desired results were 
seasonal or annual values. 

In this study, the TMY and the TRY data are compared for 
agreement in terms of eight meteorological statistics 
chosen on the basis of their importance in determining 
both building loads and active and passive solar system 
perfOl'mance. The statistics used are: 

1. Average dry-bulb temperature 

2. Heating degree-days., base temp.= 65°F (1S.3°C) 



3. Cooling degree-days.;7base temp.== 6S-F U8.3°C) 

4. Average dew'1,loint temperature 

5. Total hourly differences between the ambient humidity 
ratio and the humidity ratio at 7.,.F and 5096 relative 
mamidity C~w) 

6. Average daily direct radiation on a horizontal surface 

7. Average daily diffuse radiation on a horizontal surface 

a. Average daily global radiation on a horizontal surface 

These statistics were compared on both a monthly and an 
annual basis fcr 20 sites common to TRY and TMY data. 
These sites are shown in Fig. 1. Since both of these data 
sets claim to reflect the long-term meteorological trends 
in at least some respects, this study examines how well 
they agree with each other. That is, to what degree are 
they interchangeable? 

Fig. 1. Locations of the 20 sites Common to the TRY 
and TMY Data Sets. 

RESUL'l'S 

Drr-BuJb Temperature 

Although the TMY selection procedure weighted dry-bulb 
temperature rather weakly, the agreement between the 
two data sets in this area was reasonable. The standard 
deviation of the differences in the monthly averages was 
1.3° C, while the standard deviation of the differences be
tween the annual values was only 0.6° C. Figure 2 shows a 
scatter plot of annual averages from the TRY plotted 
against those from the TMY. Each point on the plot rep
resents one of the 20 locations shown in Fig. 1. The worst 
agreement was found fOt" Washington, D.C., which had a 
monthly standard deviation of 2.09° C. 

B•ting ad Coolh!r Depee-Dgs 

The number of heating or cooling degree-days for a given 
period is a function of both the average dry-bulb tempera
ture fcr that period and the spread of the hourly tempera
tures around that average. The number of degree-days 
provides a single measure of the overall congruence of the 
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Fig. 2. TRY vs. TMY: Annual Average Dry-Bulb Tem

peratures <- C). 

two sets of temperature data. In this study, both heating 
and cooling degree-days were based on a temperature of 
6S-P (18.3"C). 

Figure 3 shows the annual heating degree-day values from 
the TRY data plotted against those from the TMY data. 
The standard deviation of the differences between the an
nual values was 142 degree-days, while the standard devi
ation fer the monthly values was 40 degree-days. For a 
location with about 3000 heating degree-days annually or 

5000 

4000 

~ 3000 
t-

2000 

1000 

Annual Heating 
Degree (°C)-Days 

Std. Dev.= 
142 Degree-Days 

1000 2000 3000 4000 5000 6000 

TMY 

Fig. 3. TRY vs. TMY: Annual Total Heating Degree(C)
Days. 



500 degree-days monthly (such as Columbia, Mo.), these 
values represent about 596 and 896 of the totals, re
spectively. TMY and TRY data agreed the least for 
Washington, D.C., where the TMY data predicted 1696 
more annual heating degree-dlys than the TRY data. 
Overall, the cooling degree-day data did not agree quite 
as well as the heating degree-day data. Figure 4 shows a 
scatter 'plot of annual cooling degree-days from the TRY 
data versus those from the TMY data. nae standard devi
ation of the differences in the aMual cooling degree days 
was 80 degree-days, and the monthly standard deviation 
was 23 degree-days. For a location such as Nashville, 
Tenn., with -1000 cooling degree-days annually and-250 
cooling degree-days monthly, these standard deviations 
represent about 896 and 1096,respeetively, of these totals. 

2400 --------------

> a: 

2000 

1500 

.... 1000 

Annual Cooling 
Degree( C)-Days 

• 80 Degree-Days 

1000 1500 2000 2400 
TMY 

Flg. 4. TRY vs. TMY: Annual Total Cooling Degree(C)
Days. 

Overall, these figures demonstrate reasonable agreement 
between TRY and TMY data sets for most locations. Be
cause the method used to find the TMY offered much 
more month-to-month flexibility, this agreement is re
markable. 

Dew-Point Temperature 

Because the TRY selection process chose only on the basis 
of "nonextreme" dry-bulb temperatures, the typicality of 
meteorological factors indicative of latent cooling loads 
was ignored. On the other hand, the TMY selection proc
ess weighted typicality of the dew-point temperature 
equally with that of the dry-bulb temperature. Thus, any 
degree of agreement between TRY and TMY data sets in 
this area is fortuitous. Figure 5 shows a scatter plot of 
annual average dew-point temperatures. nae standard de
viation of the differences between the annual averages 
was 0.9°C, while the standard deviation of the monthly 
averages was 1.9° C. These values are about 5096 larger 
than those fer the dry-bulb temperature, indicating signif
icantly worse agreement. 
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Fig. 5. TRY vs. TMY: Annual Average Dew-Point Tem
perature(C). 

Humidity Ratio 

Although the average dew-point temperature indicates the 
average humidity, there is no universally accepted figure 
that describes the spread of the individual humidity values 
about the average value in the way that degree-days do. 
To get some feeling for this spread, a quantity that rep
resented the difference between the ambient humidity 
ratio (calculated from the dew-point temperature) and the 
humidity ratio at rt° F and 5096 relative humidity 
(w = 0.01) was used. 'Ibis humidity difference C&w) thus 
represents the lbm of water (p.- month or year) that 
would have to be removed from the air if the inftltration 
or ventilation rate were 1 Jbm of air per hour. 

The annual totals for TRY data are plotted against those 
fer TMY data in Fig. 6. nae agreement between the data 
sets is poor for either large or small values, i.e., for either 
very humid or dry climates, and the TRY values tend to be 
higher than the TMY values. The annual and monthly 
standard deviations are 1. 72 and 0.44 lb H20/(lbm 
air/hr), respectively. Although the annual to~ reasona
bly agree, the monthly values do not agree wen. There
fore, the two data sets will not predict the same latent 
cooling loads on a monthly basis, and on an annual basis, 
the TRY data tend to predict higher latent loads than 
TMY data. Sinee the TRY data was chosen without regard 
for typicality of dew-point temperatures, it seems reason
able to assume that the latent cooling loads predicted by 
the TMY data will be more representative of the long
term data. 

nae TRY data do not contain solar insolation data. How
ever, programs such as DOE-2 contain an ASHRAE algo-
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rithm [3,4) that generates direct and diffuse insolation 
values from the cloud cover data available in the TRY 
data. The values of direct and diffuse horizontal radiation 
generated by this algorithm were used for this compari
son. 

The TMY data contain values for both global horizontal 
{standard year corrected) and direct normal radiation. To 
make direct comparisons between the TMY values and the 
values generated from the TRY data, several calculations 
had to be performed. First, the direct normal radiation 
had to be corrected to direct horizontal radiation. Then 
the diffuse horizontal could be obtained by subtracting the 
direct horizontal from the global horizontaL In this way, 
three monthly average daily radiation numbers were cal
culated for comparison: direct horizontal, diffuse hori
zontal, and global horizontaL 

The results of this comparison showed major discrepancies 
between the insolation values calculated by DOE-2 from 
the TRY data and the values from the TMY data. Fig
ures 7, 8, and 9 present the annual average daily direct, 
diffuse, and global radiation, respectively. The direct 
radiation values generated from the TRY data are consis
tently 1.5 to 2 times higher than the TMY values for all 20 
locations. On the other hand, the diffuse radiation values 
generated from the TRY data are consistently only 1/3 to 
1/2 as large as the TMY values. Since the global radiation 
is the sum of the direct and diffuse, any differences in 
these two values are reflected in the global radiation. 
However, since the direct radiation values are so much 
larger than the diffuse values, the differences in direct 
radiation dominate, and the TRY~enerated global radia
tion values are much larger than the TMY values. 
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Fig. 8. ASHRAE Algorithm Using TRY Data vs. TMY: 

Annual Average Daily Diffuse Radiation. 

This comparison of TMY insolation data with an ASHRAE/ 
DOE-2 algorithm is not a true comparison between TMY 
and TRY data. Unless the TMY data are grossly unrepre
sentative, the algorithm is deficient in generating reason
able values. 

COllCLOSIOMS 

The TRY and TMY data sets agree marginally well on sta
tistics related to dry-bulb temperature, giving standard 
deviations within 1096 of typical values for both the 
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Fig. 9. ASHRAE Algorithm Using TRY Data vs. TMY: 
Annual Average Daily Global Radiation on a Hor
izontal Surface. 

anmal and monthly degree-day figures. However, the 
agreement of the statistics for humidity is not as good, 
and the insolation values do not agree. 

To a user, the importance of these discrepancies depends 
upon the type of building or system that is to be simu
lated. For example, the heating loads predicted by the 
two data sets for a large commercial building whose load 
is dominated by internal generation and ventilation re
quirements should agree fairly well. The sensible cooling 
loads for such a building should be very similar. However, 
the two data sets will predict substantially different re
sults if they are used to predict latent cooling loads, loads 
on skin-dominated buildings where solar gain is important, 
or other types of solar installations. 

Of course, improvement of the ASHRAE/DOE-2 insolation 
generating algorithm would probably &neviate some of 
these problems, and if TRY data is to be used, this algo
rithm must be improved. However, it seems that one cer
tainly cannot use TRY and TMY data interchangeably over 
a broad range of problems. 
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