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DOE-2.1E Documentation Update: Weather Processor

Please remove this section from the newsletter (pages VIII.1 through VII1.22) and use it to
replace the original "Weather" section of the DOE-2.1A Reference Manual

DOE-2 Weather Processor

Fred Buhl
LBNL Simulation Research Group

April 1999
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Weather Data in DOE-2.1E

Introduction

The Loads and HVAC simulations in DOE-2 require hourly weather data, which are contained in DOE-2 wesather files. These
weather files are created from source hourly data by the DOE-2 weather processor program doewth. We describe here the
weather variables used by DOE-2, the types and formats of source data, the various ways to use doewth, and how to process
measured weather data or data in nonstandard formats.

Weather Variables
The weather variables used by DOE-2 and present on the wesather file are as follows.

Hourly Variables
The DOE-2 weather file contains hourly data for one year (8760 hours). Leap years areignored; all
DOE-2 wesather files are 365 days long. The hourly data on the weather files are:

Dry-bulb Temperature (F)

Wet-bulb Temperature (F)

Atmospheric Pressure (inches of Hg times 100)

Wind Speed (knots)

Wind Direction (compass points 0-15, with 0 being north, 1 NNE, etc.)

Cloud Amount (0 to 10, with O=clear and 10=totally overcast)

Cloud Type (0, 1, or 2) Oiscirrus or cirrostratus, the least opaque;
lisdtratus or stratus fractus, the most opaque; and
2 isall other cloud types, of medium opacity

Humidity Ratio (Ib of water per |b of dry air)

Density of the Air (Ib/ft%)

Specific Enthalpy of the Air (Btu/lb)

Rain Flag (0 meansit is not raining; 1 meansit is)

Snow Flag (0 meansit is not snowing; 1 meansit is)

Hourly Solar Variables
There are two types of DOE-2 weather files: those with hourly solar values and those without. In the case of the files without
solar data, DOE-2 calculates solar values using the ASHRAE clear sky model and the clearness numbers, cloud amounts, and
cloud types from the DOE-2 weather file. The solar DOE-2 wesather files contain the following hourly values:

Total Horizontal Solar Radiation (Btu/hr-ft?)

Direct Normal Solar Radiation (Btu/hr-ft?)

Monthly Variables
Clearness Number (dimensionless). Thisis the ASHRAE clearness number; see, for example, p. 27.12, Figure 7, of the
1993 ASHRAE Handbook of Fundamentals.

Ground Temperature (Rankine)

Header Data
The header record on the weather file contains the file identification, latitude, longitude, and time zone.

Sour ce Data and Formats

Source Data

Source weather data for building energy simulation programs can be broken into two major classes: historical data and typical
weather years. Historical dataisjust "real" data: usually measured (but sometimes modded) data from a particular location for a
given period of record. Typical years are ersatz years assembled to match the long term data from a particular location using a
particular statistical measure.
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The primary source for historical weather data is the U.S. National Climatic Data Center (NCDC) *. NCDC can provide hourly
historical data for thousands of locations around the world. This data may not always be complete; data items or periods of record
may be missing. A highly rdiable source of historical data for U.S. locations is the Solar and Meteorological Surface
Observational Network (SAMSON) data set assembled by the National Renewable Energy Laboratory (NREL)2. This contains a
30 year (1961 to 1990) period of record for 239 locations.

There are several sets of typical year data that are widdly used in DOE-2 simulations. The TMY 2 data set was derived from the
SAMSON database by NREL. Therearetypical yearsfor 239 locationsin the US and itsterritories. NREL also developed the
WYEC2 typical year data set for ASHRAE. The sdection criteria were different for TMY 2 and WY EC2, with TMY 2 weighting
the solar data more heavily. The California Energy Commission (CEC) has defined 16 climate zones with corresponding typical
year data sets (CTZ2) for usein Title 24 energy code compliance. National Resources Canada (NRC) has funded WATSUN
Energy Laboratory at the University of Waterloo to create typical weather years for Canada. There arefiles currently available
for 51 locations.

Formats: TMY2, WYEC2, CD144 and TRY

Source data comes in various formats. Typically the files are ASCII, but the data items, units, item location, and record length
vary from format to format. NCDC can provide historical datain a variety of formats: TD-3280, TD-9950 and TD-1440
(CD144). Of these, the DOE-2 wesather processor can only process CD144, usually called TD-1440 by NCDC. Typical years
now comein two formats: TMY2 and WYEC2. Notethat TMY2 and WY EC?2 are names of both typical year data sets and data
formats. The DOE-2 weather processor can process filesin either TMY2 or WYEC2 format. The NREL TMY 2 typical weather
year datasetsarein TMY2 format. The ASHRAE WYEC2, the Canadian CWEC, and the CEC CTZ2 typical weather year data
setsare all in WY EC2 format. One other format worth mentioningis TRY. Thisisthe format of an old, typical year data set that
did not include solar radiation data. The format can still be useful, however, as a format for measured data. The DOE-2 weather
processor can process data in this format and add modeled solar data to the DOE-2 westher file. The format is described below,
under “Processing Nonstandard Wesather Data.”

Solar Data

Source wesather data files may or may not contain solar data. All TMY2 and WY EC?2 files contain solar data. The weather
processor will transfer this data to the DOE-2 weather file and it will be used by the DOE-2 simulation program. Historical
weather data files in CD144 format do not contain solar data nor is such data generally available for a specific location and time
period. In this case, ersatz solar data must be generated from cloud cover and other data using sky models and regression
formulas. This solar data generation can be done either in the weather processor or in the DOE-2 program itsaf. When the DOE-2
program detects a DOE-2 weather file containing no solar data it will generate the solar data needed for the simulation.
However, it is more efficient and accurate to have the weather processor generate the solar data. To accomplish this, put CD144S
instead of CD144 in line 3 of the weather processor input. For TRY format source data, put TRYSLM instead of TRY. CD144S
or TRYSLM tdls the weather processor to generate solar data and put it on the DOE-2 wesather file for use by the DOE-2
simulation program.

TMY2
Thefollowing description is quoted from NREL’ s website at http://rredc.nrel.gov/solar/ old_data/nsrdb/tmy?2/:

The TMY2s are data sets of hourly values of solar radiation and meteorological elements for a one-year period.
Their intended use is for computer simulations of solar energy conversion systems and building systems to
facilitate performance comparisons of different system types, configurations, and locations in the United Sates
and its territories. Because they represent typical rather than extreme conditions, they are not suited for
designing systems to meet the wor st-case conditions occurring at a location.

To distinguish between the old and new TMY data sets, the new TMY data sets are referred to as TMY2s. TMY
and TMY2 data sets cannot be used interchangeably because of differencesin time (solar versuslocal), formats,
elements, and units. Unless they are revised, computer programs designed for TMY data will not work with
TMY2 data.

The TMY2 data sets and manual were produced by the National Renewable Energy Laboratory's (NREL'S)
Analytic Studies Division under the Resource Assessment Program, which is funded and monitored by the U.S
Department of Energy's Office of Solar Energy Conversion.

! National Climatic Data Center, Federal Buildi ng, 151 Patton Avenue, Asheville, NC 28801-5001, http://www.ncdc.noaa.gov.
2 National Renewable Energy Laboratory, 1617 Cole Boulevard, Golden, CO ;80401-3393, http://www.nrel.gov.
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WYEC2
Thefollowing is quoted from the Watsun Simulation Lab website at http://dial.uwaterloo.ca/~watsun/ cwed.htm:

Canadian weather for energy calculations (CWEC) files are typical year sets of meteorological data in WYEC2
format; they include such quantities as solar radiation (global, diffuse, direct), dry-bulb, and dew point
temperatures, wind speed and direction, atmospheric pressure, etc., on an hourly basis. They were devel oped by
the Watsun Smulation Laboratory under the auspices of the National Research Council of Canada.

Thefollowing description is quoted from the Watsun Simulation Lab website at http://dial .waterloo.ca//~watsun/ cwecovvw.htm:

The CWEC files are created by concatenating twelve Typical Meteorological Months selected from a database
of, in most cases, 30 years of data. The method is similar to TMY procedure developed in the 1980s by Sandia
National Laboratory. The months are chosen by statistically comparing individual with long-term monthly
means for daily total global radiation, mean-, minimum and maximum- dry-bulb temperatures, mean-,
minimum- and maximum- dew point temperatures, and mean and maximum wind speeds. The composite index
used to select the most 'typical’ months uses the following weights (%):

Paranmeter ry Dry Dry Dew Dew Dew Wnd Wnd Daily
Bul b Bul b Bul b Point Point Point Speed Speed Sol ar
Max M n Mean Max Mn Mean Max Mean Rad.

Wight(y 5 5 30 2.5 2.5 5 5 5 40

Additional consideration is given, in the selection process, to the statistics and persistence structures of the daily mean dry-bulb
temperature and daily total radiation. A complete description of the procedure used can befound in: D.L. Siurna, L.J. D'Andrea,
K.G.T. Hallands, "A Canadian Representative Meteorological Year for Solar System Simulation,” Proceedings of the 10th
Annual Conference of the Solar Energy Society of Canada (SESCI '84), August 1-6, 1984, Calgary, Alberta, Canada.

In the CWEC files, no missing values will be found in the following WY EC2 fields: extraterrestrial irradiance (101), global
horizontal irradiance (102), direct normal irradiance (103), diffuse horizontal irradiance (104), weather (204), station pressure
(205), dry-bulb temperature (206), dew point temperature (207), wind direction (208), wind speed (209), total sky cover (210),
opaque sky cover (211), snow cover (212). The original long-term data sets (up to 40 years of data) from which the CWEC files
were derived can also be obtained directly from Environment Canada.

Weather Processor

The DOE-2 wesather processor is a batch or command-line program called doewth or doewth.exe, depending on the computing
environment. The primary function of the weather processor is to read hourly weather datain a variety of formats, extract the
data needed by DOE-2, and write a packed binary weather file that is used by the DOE-2 simulation program. In addition to its
primary function (called packing) the weather processor can produce hourly listings of raw or packed weather filesin a readable
format and can produce a summary report of the data on a packed DOE-2 weather file.

I nput and Output

The weather processor requires two input files. One, called WEATHR.TMP, is the hourly weather data. Thiswill be either an
ASCII (text) file, if raw weather datais being packed, or a binary file, if a packed DOE-2 fileis being listed or summarized. The
second input file, INPUT.TMP, is a short ASCII file that tells the weather processor what functionsit is to perform and supplies
any additional information needed to perform thetask. Thisfileis described in detail below. Output is on two files. Thefile
OUTPUT. contains any listings, reports, and error messages. Thefile NEWTH.TMP contains the packed DOE-2 weather file, if
oneis being created. Copying, renaming, and saving these files will normally be performed by a procedure file specific to the
computing environment being used.

I nput Description
Here we describe the contents of the input file INPUT.TMP) needed to perform the three functions:

create a DOE-2 weather file (packing) (PACK),
listing a weather file (LIST) and
producing a statistical summary (STAT).
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PACK

line 1: Theword PACK in columns 1-4.

line 2: The station namein columns 1-20. This name will be written on the output file as identification.
Theentry hereisfor the user only and is arbitrary.

line 3: Thedatais entered as shown below. When the format is shown as L, it signifies that the datum must be

left justified in the columns indicated. Theformat R signifies that the datum must be right justified in the columns
indicated, and the format D means that the value should be entered with a decimal point (neither right or left
justification is required). For those with FORTRAN background: L correspondsto A6, R to 16, and D to F6.1.

Example of how the datais entered (line 3)

Columns | Format | Description

1-6 L A code-word specifying the unpacked file type. Optionsare TMY 2, WYEC2, CD144, CD144S°TRY,
TRYSLM? TD9685, and OTHER".
7-12 R Weather station number. Thisis required.

Note: for TMY 2 files, the following inputs on line 3 may be left blank

13-18 R Theyear of the weather data (e.g., 1999). Thisisrequired for CD144 and TD9685 files (which can
contain several years of weather data). For other files, —999 should be input.

19-24 R Time zone (as in the SITE-PARAMETERS command)

25-30 D L atitude (degrees). Positive north of the equator, negative south of the equator.

31-36 D L ongitude (degrees). Positive west of Greenwich, negative east of Greenwich.

37-42 L A code-word specifying the number of bits per word to be used in packing the output file. The options
are 60-BIT or 30-BIT (for 32-bit machines)

43-48 L A code-word specifying the type of output file. The options are NORMAL and SOLAR. NORMAL

produces a DOE-2 weather file with no solar data. SOL AR produces a file containing solar information.

49-54 R Interpolation interval. The program fills in missing data by linear interpolation between the last and the
next value present, if the number of hours of missing data is less than or equal to the interpolation
interval. If more hours of data are missing than the interpolation interval, it still does interpolation up to
24 hours and a warning message is issued. If more than 24 hours are missing, the previous valueis
used. Theinterpolation interval must be less than 24°,

55-60 D This sets the maximum dry-bulb temperature change allowed in one hour. Changes larger than this will
cause a warning message to be printed.

61-66 D Soil thermal diffusivity (ft%/hr). Used for calculating monthly ground temperatures. A value of 0.010
can be used for dry soil, 0.025 for average soil, and 0.050 for wet soil.

67-72 D Station altitude (feet), used in CD144 and TD9685.

73-78 R L ocation needed only for CD144S and TRY SLM to choose a cloud cover model. See ILOC. Used only
for CD144 and TRY formats. Select the location that best represents the data being packaged.

3CD144S tells the weather processor toread | °If OTHER is chosen, the data should either be “The weather processor makes no

afilein CD144 format and add ersatz solar | in the DOE-2 measured weather data format (see | evaluation of the data to seethat it is

data using the ASHRAE clear sky modd, Processing Nonstandard Weather Data) or a internally consistent, except that during

SOLMET cloud cover regressions formula, | special OTHER processing subroutine must be interpolation it never allows the wet-bulb

and the Erbs-Klein-Duffie direct/diffuse written and installed in the weather processor. To | temperature to exceed the dry-bulb

modd. TRYSLM does the samefor datain | accomplish the latter, the you must have the temperature, or the dew point temperature

TRY formats. source code and a FORTRAN compiler. to exceed the wet-bulb temperature.

ILOC and Station Name

01 ALBUQUERQUE, NM 08 CHARLESTON, SC 15 GREAT FALLS, MT 21 NEW YORK, NY

02 APALACHICOLA, FL 09 COLUMBIA, MO 16LAKE CHARLES, LA 22 NORTH OMAHA, NE
03 BISMARCK, ND 10 DODGE CITY, KS 17 MADISON, WI 23 PHOENIX, AZ

04 BOSTON, MA 11 EL PASO, TX 18 MEDFORD, OR 24 SANTA MARIA, CA
05 BROWNSVILLE, TX 12ELY, NV 19 MIAMI, FL 25 SEATTLE-TACOMA,
06 CAPE HATTERAS, NC 13 FORT WORTH, TX 20 NASHVILLE, TN 26 WASHINGTON, DC
07 CARIBOU, ME 14 FRESNO, CA
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line 4:

line5:

LIST
line 1:

line 2:

STAT

Contains the 12 clearness numbers (one per month) in D format in column intervals 1-6, 7-12, 13-
18, etc. (skip for TMY 2; unused for WYEC2, so can bejust 1.0). See 1993 ASHRAE Fundamentals,
p. 27.12.

Contains the 12 ground temperatures (one per monthin F) in D format in column intervals 1-6, 7-
12, 13-18, etc. (skip for TMY2). A value of —999 will flag the program to calculate the ground temperature using the
method of Kusuda and Achenbach (ASHRAE Trans. 41 (1965) p. 61).

Theword LIST in columns 1-4.

Columns | Format | Description

1-6 L Input type or filetype. Options are PACKED, OTHER, TRY, WYEC2, CD144,
TMY2 and TD9685.

7-12 R Year of weather data (e.g., 1972). Required for CD144 and TD9685 files.
Should be—999 if columns 1-6 is TRY, TMY2, WYEC2 or PACKED.

13-18 R Station number. PACKED can have —999 entered here.

19-24 R Beginning month of listing (1 to 12 for January to December)

25-30 R Ending month of listing (1 to 12 for January to December)

Only one card is necessary for the STAT option with theword STAT in columns 1-4. STAT produces a statistical summary
(average monthly temperatures, etc.) of the data on the weather file.

Multiple Options
To exercise several options in the same computer run simply concatenate the input for several functions. Thelast card in the
entire file, whether running one or several options, must have theword END in columns 1-3.

Examples

1. ToPACK, LIST for 12 months, and STAT a Mexico City CD144 file.

i ne
i ne
i ne
i ne
i ne
i ne
i ne
i ne
i ne

1 2 3 4 5 6
12345678901234567890123456789012345678901234567890123456789012345678901234567890
1. PACK
2: MEXICO CITY 90
3: CD144S 76679 1990 6 19.24 99. 0930- Bl TSOLAR 4 20 . 025 7329. 20
4: 0.9 09 09 09 09 09 09 09 09 09 09 0.9
5:  -999.
6: LIST
7: PACKED -999 -999 1 12
8: STAT
9: END

2. ToLIST the month of January 1990 from a Mexico City CD144 file.

1 2 3 4 5 6
123456789012345678901234567890123456789012345678901234567890123456
line 1. LIST
line 2: CD144 1990 76679 1 1
line 3: END
3. TMY2input.
PACK
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Atl anta GA TMWY2
TMY2 13874
STAT

END

ASCI| Weather Files

Moving Data

This topic involves the transfer of packed weather files from one computer system to another. The weather files used by DOE-2
are packed, binary files and, therefore, they cannot be transferred from computer to computer unless the computer type and
operating systems are identical. Frequently, the original raw data used to produce the packed files has been lost or discarded.
When a new computer system isinstalled, or when it is necessary to do runs at another site, a method is needed to preserve and
transfer the data contained in the packed files. To do this, we run a small program called WTHFMT, which reads a packed binary
weather file and writes out an ASCII file containing the same information. The ASCII file can then be written to floppy disk,
along with a program called FMTWTH, which reverses the process (i.e., read the ASCII weather file and output a packed binary
DOE-2 compatiblefile suitable for the new computer system). The disk recipient just has to read the disk, compile FMTWTH and
execute it with the ASCII weather file as input. Both WTHFMT and FMTWTH arein FORTRAN and will compile and execute
on a Sun workstation and on an IBM-compatible PC. For other systems, the code may need minor changes (to the OPEN
statements, for instance).

The ASCII weather file can be examined and edited on a terminal, using the local editor. This means that the technique can be
used when you want to make changes to a packed weather file. The format of the ASCII file has been chosen to be easily readable
by humans.

With reference to the programs that follow, FMTWTH reads a one-line input file INPUT.TMP) in addition to the file containing
the weather data. INPUT.TMP tells FMTWTH what type of packed binary file to produce. Note that only thefirst lineis used; the
subsequent lines are explanatory. The numbers on the first line must be in columns 13 and 31, respectively.

INPUT.TMP for FMTWTH

e T e R S R ey
WORD SI ZE = 2 FILE TYPE = 2

WORD SIZE = 1 MEANS 60-BIT, 2 MEANS 30-BIT

FILE TYPE = 1 MEANS OLD, 2 MEANS NORMAL (NO SOLAR DATA),

3 MEANS THE DATA HAS SOLAR DATA

FMTWTH Program Listing

C

C TH S PROGRAM READS A FORVATTED WEATHER FI LE ( WEATHER. FMT)
C AND A FORVATTED | NPUT FILE (FMI'WIH. | NP) AND WRI TES A

C PACKED Bl NARY DOE2 WEATHER FI LE (VWEATHER. BI N)
C
C
C

DI MENSI ON CLN( 12) , GT(12) , MDAYS(12) , | DAT( 1536) , | WDI DX 5)
DATA MDAYS / 31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31 /
OPEN( UNI T=12, FI LE=' | NPUT. DAT")

OPEN( UNI T=11, FI LE=" VEATHER. FMT" )
OPEN( UNI T=10, FI LE=' VEATHER. BI N' , FORM=" UNFORVATTED )

C

C | W6Z WORD SI ZE 1 =60-BIT, 2 =30-BIT
C | FTYP FI LE TYPE 1 = OLD, 2 = NORVAL (NO SOLAR),
C 3 = THE DATA HAS SOLAR
C | VDI D LOCATION | . D.

C I WR YEAR

C W.AT LATI TUDE

C WL.ONG LONG TUDE

C | WI'ZN TI ME ZONE NUMBER

C | WEOL SCLAR FLAG FUNCTI ON OF | W8Z + | FTYP
C CLN CLEARNESS NO
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C GT GROUND TEMP. (DEG R)
C KON MONTH (1-12)
C KDAY DAY OF MONTH
C KH HOUR OF DAY
C VBT VEET- BULB TEMP (DEG F)
C DBT DRY- BULB TEMP (DEG F)
C PATM PRESSURE (I NCHES OF HO)
C CLDAMI CLOUD AMOUNT (0 - 10)
C | SNOW SNOW FLAG (1 = SNOWFALL)
C | RAI N RAI N FLAG (1 = RAINFALL)
C | WKDDR W ND DI RECTI ON (0 - 15; 0=N, 1=NNE, ETC)
C HUVRAT HUM DI TY RATI O (LB H2O' LB AIR)
C DENSTY DENSI TY OF AIR (LB/ CU FT)
C ENTHAL SPECI FI C ENTHALPY (BTU LB)
C SOLRAD TOTAL HOR. SOLAR  ( BTU HR- AREA)
C DI RSOL DIR NORMAL SOLAR (BTU HR- AREA)
C | CLDTY CLOUD TYPE (0 - 2)
C WWNDSPD W ND SPEED KNOTS
C

REW ND 12

READ (12, 9001) |W8Z | FTYP
9001 FORVAT(12X, 11, 17X, 11)
REW ND 11
READ (11, 9002) (IWDID(1),1=1,5), | WR, WAT, W.ONG, | WI'ZN, | WEOL
9002 FORMAT(5A4, | 5, 2F8. 2, 21 5)
IWBOL = IWSZ + (IFTYP-1)*2 - 1
READ (11, 9003) (CLN(1),1=1,12)
READ (11, 9004) (GT(1),1=1,12)
9003 FORMAT( 12F6. 2)
9004 FORMAT(12F6. 1)
DO 1000 | Me1, 12
I DE = MDAYS(I M
DO 1000 | D=1, | DE
IRECXO = IM2 + (ID-1)/16 - 1
IDXO = MOD(ID-1,16) + 1
DO 500 | H=1, 24
READ (11, 9005) KNMON, KDAY, KH, WBT, DBT, PATM CLDAM, | SNOW
1 IRAIN, |WADDR, HUVRAT, DENSTY, ENTHAL, SOLRAD,
2 DI RSOL, | CLDTY, WNDSPD
9005 FORMAT(3l2, 2F5.0, F6.1, F5.0, 213,14, F7.4,F6.3, F6. 1, 2F7. 1,13, F5. 0)
' SOL = | NT(SOLRAD + . 5)
IDN = I NT(DIRSOL + .5)

[ VET = | NT(WBT+99. 5)

I DRY = | NT( DBT+99. 5)

| PRES = | NT( PATM 10. - 149. 5)

| CLDAM = | NT( CLDAMT)

| WADSP = | NT( WNDSPD+0. 5)

| HUVRT = | NT( HUMRAT* 10000. +0. 5)

| DENS = | NT( DENSTY*1000. - 19. 5)
I ENTH = | NT( ENTHAL* 2. 0+60. 5)
IPL = (IDXO-1)*96 + IH4 - 3
| DAT(1P1) = | PRES*65536 + | WET*256 + | DRY
| DAT(1 P1+1) = | SOL*1048576 + | DNF1024 +
1 | CLDAM 64 + | SNOW 32 + | RAIN*16 + | WNDDR
| DAT(1 P1+2) = | HUVRT*128 + | DENS
| DAT(1 P1+3) = | ENTH*2048 + | CLDTY*128 + | WNDSP

500 CONTI NUE
IF ((ID.NE. 16) .AND. (1D .NE. IDE)) GO TO 1000
WRI TE (10) | WDl DO | WR, WLAT, W.ONG, | WIZN, | RECXO, | DE, CLN(1 M),
1 GT(IM, | WBOL, | DAT

1000 CONTI NUE
END

i S R R I T i S R B S o T 4
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WTHFMT Program Listing

PROGRAM WIHFMT

C
C TH' S PROGRAM READS A PACKED Bl NARY DOE-2 WEATHER FI LE AND
C CREATES A FORMATTED WEATHER FI LE AS OUTPUT. THE | NPUT
C FILE |'S WEATHER BI N, THE OUTPUT FILE |'S WEATHER. FM.
C
DI MENSI ON CLN( 12) , GT(12) , MDAYS( 12) , | DAT30( 1536) ,
B I VDI D(5), | WTH( 14)
DI MENSI ON XMASK( 16, 2), CALC( 16)
| NTEGER | DUM
C
DATA MDAYS / 31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31 /
DATA IVWDID /5%4H /|
DATA XMASK / -99., -99., 15., 0., 0., 0., 0., 0., .02, -30., O.
1 .0, .0, .0, .0, 10,
2 1., 1., .1, 1., 1., 1., 1., .0001, .001, .5,
3 1., 1., 1., 1., 0., 0. /
C

OPEN (UNI T=11, FI LE=' WEATHER. FMI" )
OPEN (UNI T=10, FI LE=' WEATHER. BI N', FORVE' UNFORMATTED' )
REW ND 10
DO 100 | ML=1, 12
READ (10) (IWDI D(1),1=1,5), | WR, WLAT, W.ONG, | WI'ZN, LRECX, NUVDAY,
B CLN(1 ML), GT(1 ML), | WBOL
READ (10) | DUM
100 CONTI NUE
REW ND 10
LRECX = 0
WRI TE (11,9001) (IWDID(1),1=1,5),  WR WAT, W.ONG, | WI'ZN, | WEOL
WRI TE (11,9002) (CLN(1),1=1,12)
WRI TE (11, 9003) (GT(1),1=1, 12)
9001 FORMAT(5A4, | 5, 2F8. 2, 21 5)
9002 FORMAT( 12F6. 2)
9003 FORMAT( 12F6. 1)
DO 1000 | Me=1, 12
| DE = MDAYS(| M2)
DO 1000 | D=1, | DE
DO 1000 | H=1, 24
RECX = IM2*2 + (ID-1)/16 - 1
DX = MOD(ID-1,16) + 1
F (1 RECX- LRECX) 200, 400, 300
DIF = LRECX - | RECX + 1
DO 220 I=1,IDF
BACKSPACE 10
220 CONTI NUE
300 READ (10) |WDI D | WR, W.AT, W.ONG, | WI'ZN, LRECX, NUVDAY, CLRNES,
B TGRND | DUM | DAT30
GO TO 105
400 CONTI NUE
IPL = 96*(I1DX-1) + 4*IH - 3

105

200

I WIH(3) = | DAT30( 1 P1)/ 65536

| WIH(1) = MOoD( | DAT30( 1 P1), 65536) / 256
| WIH(2) = MoD(1 DAT30(1 P1), 256)

| WIH(11) = | DAT30( | P1+1) /1048576

| WIH(12) = MOD( 1 DAT30( | P1+1), 1048576) / 1024
| WIH(4) = MOD(| DAT30( | P1+1), 1024) / 64
| WIH(5) = MOD(| DAT30( | P1+1), 64)/ 32

| WIH(6) = MOD(| DAT30( | P1+1), 32)/ 16

I WIH(7) = MOD(1 DAT30( | P1+1), 16)

| WIH(8) = | DAT30( 1 P1+2)/128

| WIH(9) = MOD( | DAT30( | P1+2), 128)

| WH(10) = | DAT30( | P1+3)/ 2048
| WIH(13) = MOD( 1 DAT30( | P1+3), 2048) / 128
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| WIH(14) = MOD( | DAT30( | P1+3), 128)

DO 500 |=1, 14

CALC(1) = FLOAT(IWFH(1))*XMASK(I,2) + XMASK(I, 1)
500 CONTI NUE

| SNOW = | NT(CALC(5) + .01)

IRAIN = | NT(CALC(6) + .01)

I WKDDR = | NT(CALC(7) + .01)

| CLDTY = I NT(CALC(13) + .01)

C

C I VR MOMTH (1-12)

C ID DAY OF MONTH

C I H HOUR OF DAY

C CALC(1) VET- BULB TEMP ( DEG F)

C CALC(2) DRY- BULB TEMP ( DEG F)

C CALC(3) PRESSURE (I NCHES OF HG)
C CALC( 4) CLOUD AMOUNT (0 - 10)

C | SNOW SNOW FLAG (1 = SNOWFALL)
C | RAIN RAI N FLAG (1 = RAINFALL)
C | WKDDR W ND DI RECTI ON (0 - 15; 0=N, 1=NNE, ETCQ)
C CALC( 8) HUM DI TY RATI O (LB RO LB AIR)
C CALC(9) DENSI TY OF AIR (LB/ CU FT)

C CALC( 10) SPECI FI C ENTHALPY (BTU LB)

C CALC(11) TOTAL HOR SOLAR  (BTU HR AREA)

C CALC(12) DIR NORVAL SOLAR (BTU HR- AREA)
C | CLDTY CLOUD TYPE (0 - 2)

C CALC( 14) W ND SPEED KNOTS

C

900 WRI TE (11,9005) IM2, ID, IH CALC(1), CALC(2), CALC(3), CALC(4),
1 I SNOW | RAIN, | WNDDR, CALC(8), CALC(9), CALC(10),
2 CALC(11), CALC(12), |CLDTY, CALC(14)
9005 FORMAT(3l2, 2F5.0, F6.1, F5.0, 213,14, F7.4,F6.3, F6. 1, 2F7. 1,13, F5. 0)
1000 CONTI NUE
ENDFI LE 11
END

Processing Nonstandard Weather Data

The DOE-2 weather processor is capable of processing raw weather data in a variety of formats into a DOE-2 compatible form.
Quite frequently, however, users obtain weather datain a format that is unknown to the weather processor. The user then has two
alternatives: convert the data into a known format; or process the raw weather data directly by writing code for subroutine
OTHER in the DOE-2 weather processor.

Use of the subroutine OTHER

OTHER is atypical weather data processing subroutine in the DOE-2 weather processor. Like the other such routines (TRYDCD,
TMYDCD, etc.) it is called once every 24 hours by subroutine PACKER, and its use can be triggered by the weather processor
input. Putting OTHER in thefirst 5 columns of the third line of the PACK input sequence informs the weather packer that
subroutine OTHER will be used for reading in and processing the raw data. OTHER is meant to be a user programmable
subroutine for processing special weather formats. OTHER already contains code which processes data in the DOE-2 measured
weather format. The user can use this format, or replace the code in OTHER with code that will read a different format using the
original OTHER code as an example. Basically, the arrays in the common block /RAWDAT/ must be filled for each call to
OTHER. Thearrays are dimensioned 24, and are all integers. They are

IDRY dry-bulb temperature in °F, rounded to the nearest whole degree.

IWET wet-bulb temperature in °F, rounded to the nearest whole degree.

IDEW dew point temperaturein °F, rounded to the nearest whole degree.

IPRESS atmospheric pressure in inches of Hg times 100 (so 29.92 will be 2992, etc.)

IWNDSP wind speed, in knots (!) (nearest whole knot).

ICLAMT cloud amount (sky cover), 0 - 10; 0 = no clouds, 10 = totally overcast.

ISOL, total solar on a horizontal surface and direct normal (beam) solar radiation, both in Btu/ft*hr,
IDN nearest whole unit.

IWNDIR wind direction in compass points (0 - 15). 0 is north, 1 isNNE, 15isNNW.
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ICLTY DOE-2 cloud type; takesthevalues 0, 1, and 2.
0 = most transparent cloud category. It correspondsto TRY types 8 and 9 (cirrus and cirrostratus or
cirrocumulus).
1 = most opaque. It correspondsto TRY type 2 (stratus or fractus stratus).
2 = intermediate transparency. It corresponds to all other types of clouds, and is a good default if no
cloud type information is available.

ICLTY1 DOE-2 cloud type - UNUSED

IRN, ISN the rain and snow flags, respectively. Set to 1 if raining or snowing, O otherwise. IRN and ISN are
not currently used in DOE-2, but it is nice to set them anyway. When printed out along with the other weather
variables with the LIST option of the weather processor, they can help explain some otherwise odd looking
wesather or solar data.

Frequently the raw data will include dry-bulb and relative humidity, instead of dry-bulb, wet-bulb, and dew point as required by
the weather processor. Y ou should use the procedure given in 1993 ASHRAE Fundamentals, p. 6.14, situation number 3. A
slightly different procedureis used in the example OTHER subroutine, below.

In the case of solar data, the weather processor needs total horizontal and direct normal. The data is often in the form of direct and
diffuse on a horizontal surface. The cosine of the solar zenith angle (or the sine of the solar altitude) must then be calculated in
order to obtain the direct normal from the direct horizontal. This calculation involves knowing the solar declination angle and the
equation of time; it is complicated by the fact that the cosine of the zenith angle must usually be averaged over a one hour time
bin, since the solar data point is usually the average over one hour of a number of data points taken at less than one-hour intervals.
Inthis caseit is best to simply follow the procedure shown in the following example subroutine. Asin the example, it is usually
necessary to do a limit check on the resulting direct normal, particularly at sunrise and sunset, where the data is frequently bad.

Sometimes only total horizontal solar data is available. A mode must then be employed to obtain the direct radiation from the
total. We recommend the modd of Erbs, Klein, and Duffie (Solar Energy, 28, (1982) p. 293. See“FORTRAN fragment: direct
and diffuse solar calculation,” below, or the code included in the weather processor for processing the DOE-2 measured weather
data format.

Example of subroutine OTHER

SUBRQUTI NE OTHER

C
C I NSERT YOUR ROUTI NE TO DECODE SPECI AL TAPE FORMVAT
C
COWDN /LOCALD  STALAT, STALON, SSTALA, CSTALA, TSTALA, HRSLON
C
COWON  / CONST/ DTOR, Pl OVR2, Pl OVR4, Pl OV12, |BLNK
C
COWON  / TI MEY | MNTH, I DAY, | HOUR, | RECXO, | DXO, | DAYL, | TI M
C
COWDN /MONTHG  BEFORE(12), MDAYS(12) , MNAVES( 12)
| NTEGER BEFORE
C
COWON / FI LEY I NFI L, OUTFI L, | NWTH, OQUTWIH, SOLWIH, STOUT
| NTEGER QUTFI L, QUTWIH, SOLWIH, STOUT
C
COWON /GETCRG | EOF
LOG CAL | EOF
C
COWDN /PACKEQ ~ NTZ, | STAT, XLAT, XLONG,
1 | YR, | NTI NT, DDBT, | BEGH, NBS, | DOYSH(5) , | SSHFT(5)
2 | SHFT, ALT, SKYCOV(12), | LOC
C
COWDN /PARAME  STOPI T, VERS, FI RST, NEWPAK, CALCGT
LOG CAL STOPI T, VERS, FI RST, NEWPAK, CALCGT
C
COWDN /PCKINT  KYR KSTAT, CN(12), TG 12) , KTI M KARD( 500) , KYRL
C

COWDN / RAWDAT | DRY(24), | \ET(24), | DEW 24) , | PRESS( 24)
1 | WKDSP( 24) , | CLAMT( 24) , | SOL(24) , | DN( 24)
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2 | WKDI R(24) , 1 CLTY(24), | R\N(24) , | SN(24) , | CLTY1( 24)
DI MENSI ON | RAW 24, 12)
EQUI VALENCE (IDRY(1), | RAW 1, 1))
COWDON /LSTIME  LSTHRS(24)

COMWON  / REPORQ | BEGM | ENDM

COWON  / UNDEH I UNDEF, UNDEF

DI MENSI ON DEABC( 5)
DAY OF YEAR
| DOY = BEFORE(| MNTH) + | DAY
GET SUN PARAVETERS
CALL SUNPRM | DOY, DEABC)
SOLAR CONSTANT
SOLCON = 435. 2* (1. +0. 033* COS( DTOR* 360. * FLOAT( | DOY) / 365. ))
LOOP OVER HOURS | N THE DAY
DO 1000 | H=1, 24
READ | N WEATHER DATA
READ (1 NWIH 9001) | VR I D, I M I HR SKYCVR, | W NDR, WNDSPD, WSVECT,
1 | WIHR DEP, PRESMB, TDRY, RELH, | DI RH, | DI FFH, | LLUVH, | RH, | ATMRH
9001 FORMAT(11, 312, 1X, F4. 2, 1X, 13, 2(1X, F4. 1), 1X, 1 2, 1X, F4. 1, 1X, F6. 1,
1 1X F5.1, 1X F4.2,1X, 14, 1X, 14, 1X, 17, 1X, 1 4, 1X, | 4)

O o o o O o0 O 0O

C CONVERT DRY- BULB FROM CENTI GRADE TO FAHRENHEI T
TDRYF = 1.8*TDRY + 32.
C CALCULATE WET- BULB AND DEW POl NT
C SATURATED VAPOR PRESSURE
PS = PPWNB( TDRYF)
C PARTI AL PRESSURE
PW = RELH*PS
C CONVERT PRESSURE FROM M LLI BARS TO | NCHES OF HG
PRESHG = . 02953* PRESVB
C HUM DI TY RATI O
HUVRAT = 0. 622* PW ( PRESHG PW
C SPECI FI C ENTHALPY
ENTH = 0. 24*TDRYF + (1061 +0. 444* TDRYF) * HUVMRAT
TWETF = WBF( ENTH, PRESHG)
Y = LOY PW
IF (PW.LE. 0.1836) THEN
TDEWF = 71.98 + 24.873*Y + 0.8927*Y*Y
ELSE
TDEWF = 79.047 + 30.579*Y + 1.8893*Y*Y
END | F
C CONVERT W NDSPEED FROM M'S TO KNOTS
WSKNOT = 1. 9438* WNDSPD
SOLHOR = 0.
SOLDRN = 0.
C SET UPPER AND LOAER HOUR ANGLE BI N EDGES FOR SOLAR ZENI TH
C ANGLE CALCULATI ON. HOUR ANGLE IN UNI TS OF HOURS.
UL = FLOAT(IH - 12. + FLOAT(NTZ) + DEABC(2) - STALON Pl OV12
BL = UL -1.
C SUNRI SE AND SUNSET HOUR ANGLES
SSHA = ACOS(- TAN( STALAT) * TAN( DEABC( 1) ) ) / Pl OV12
SRHA = - SSHA
C SKIP | F SUN DOWN
IF ((UL .LE. SRHA .OR (BL .GE. SSHA)) GO TO 300
C RESET BI N EDGES AT SUNRI SE OR SUNSET
IF (SRHA .GT. BL) BL = SRHA
IF (SSHA .LT. UL) UL = SSHA
IF ((U-BL) .LT. .02) GO TO 300
C TOTAL HORI ZONTAL SOLAR, CONVERT FROM W M *2 TO
C BTU (FT**2) (HR)
SOLHOR = . 31721*FLOAT( | DI RH+l DI FFH)
C GET THE AVERAGE OF THE COSI NE OF THE SOLAR ZENI TH ANGLE
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C FOR THE 1 HOUR TIME BIN
A = SI N(DEABC( 1) ) * SI N( STALAT)
B = COS( DEABC( 1)) * COS( STALAT)
COSZIN = A*(UL-BL) + B*(SIN(PI OvV12*UL)-SI N(PI OV12*BL))/ Pl OV12
COSZAV = COSZI N/ (UL- BL)

C GET DI RECT NORVAL SOLAR
SOLDRN = . 31721*FLOAT( | DI RH) / COSZAV
C PUT LIM TS ON THE SUNRI SE AND SUNSET BEAM RADI ATl ON

CALL MAXDI R( COSZAV, SOLCON, DI RVAX)
SOLDRN = AM N1( SOLDRN, DI RVAX)
300 CONTI NUE

C FILL THE DATA ARRAYS
IDRY(1H) = | ROUND( TDRYF)
IVET(1H) = M NO(IDRY(IH), | ROUND( TVETF))
IDEW I H = M NO(IVET(IH), | ROUND( TDEWF))
| PRESS(| H) = | ROUND( 100. * PRESHG)
I WVKDSP( | H) = | ROUND( WSKNOT)
I VKDl R(I H) = | ROUND( . 0444444* FLOAT(| W NDR))
IFE (IVKDIR(IH .EQ 16) IWNDIR(IH) = 0
| CLAMI(I H) = | ROUND( 10. * SKYCVR)
ISOL(1H) = | ROUND( SOLHOR)
IDN(1H) = | ROUND( SOLDRN)
ICLTY(IH = 2
[CLTYL(IH = 2
IRN(IH) =0
ISN(IH) =0

1000 CONTI NUE
RETURN
END

FORTRAN fragment: direct and diffuse solar calculation

Fortran fragment to cal culate direct and diffuse

solar radiation fromtotal solar and to get wet-bulb

and dew point tenperatures fromdry-bulb, relative humdity
and at nospheric pressure.

Start with: SOLHOR - total horiz. solar in Btu/hr-area
TDRYF - dry-bulb tenperature in degrees Fahrenheit
PRESHG - at nbspheric pressure in inches of mercury
RELHUM - relative humdity in percent

Def i ne: DTOR - degrees to radians = pi/180
PlOV12 - pi/12
I H - hour of the day (1 - 24)
IDOY - day of year (1 - 365)
STALAT - weather station latitude in radians

STALAT - station longitude in radians
XLONG - station longitude in degrees
NTZ - tinme zone (PST=8, EST=5, G eenw ch=0)

External s: SUNPRM
MAXDI R
PPW/INVS
VABF
These are all avail able from WIHPRC, the DCE-2
weat her processor.

DI MENSI ON DEABC( 5)

O 0000000000000 00000000000000

DIRN = 0.

DIF = 0.
GET SOLAR CONSTANTS. DEABC(1) IS THE SOLAR
DECLI NATI ON ANGLE; DEABC(2) |'S THE EQUATI ON
OF TIME.

CALL SUNPRM | DOY, DEABC)

oNeNe!
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C GET SOLAR CONSTANT. THI'S FORMULA | S FROM KREI DER
C AND RABL PAGE 237
C BECKVAN, PAGE 7.
SOLCON = 435.2*(1. + 0.033*COS( DTOR*360. * FLOAT( 1 DOY) / 365. ))
C GET HOUR ANGLE AT UPPER AND LOWER HOUR BI N EDGE
C THIS I'S LOCAL TI ME!
uL = FLOAT(IH) - 12. + FLOAT(NTZ) + DEABC(2) - XLONG 15.
BL = u - 1.
C SUNRI SE AND SUNSET HOUR ANGLES
SSHA = ACOS(- TAN( STALAT) * TAN( DEABC( 1)) )/ Pl OV12
SRHA = - SSHA
C RESET BI N BOUNDARI ES TO ALLOW FOR SUNRI SE AND SET
IF ((UL .LE. SRHA .OR (BL .GE. SSHA)) GO TO 1100
IF (SRHA . GT. BL) BL = SRHA
IF (SSHA .LT. UL) UL = SSHA
IF ((U-BL) .LT. 0.02) GO TO 1100
IF (SOLHOR . EQ 0) GO TO 1100
A = SI N(DEABC( 1) ) * SI N( STALAT)
B = COS( DEABC( 1) ) * COS( STALAT)
C | NTEGRATE SOLAR Z DI REC. COSI NE OVER BI N
0OSZIN = A*(UL-BL) + B*(SIN(PI OV12*UL) - SI N( Pl OV12*BL))/ Pl OV12
C AVERAGE COSI NE OF THE SOLAR ZENI TH ANGLE FOR THE HOUR
COSZAV = COSZI N/ (UL- BL)
C EXTRATERRESTRI AL SOLAR HORI ZONTAL
SOLEXH = SOLCON* COSZI N
C K sub T I'S THE RATI O OF TERRESTRI AL TO EXTRATERRESTRI AL SOLAR
RKT = AM NL( SOLHOR/ SOLEXH, 0. 9)
C GET DI FFUSE COMPONENT FROM ERBS, KLEIN, AND DUFFI E
C CORRELATI ON
IF (RKT .LE. 0.22) DIF = SOLHOR*(1.-0.09*RKT)
RKT2 = RKT*RKT
IF ((RKT .GT. 0.22) .AND. (RKT .LE. 0.8)) DIF = SOLHOR*
1 (.9511-.1604* RKT+4. 388* RKT2- 16. 638* RKT* RKT2+12. 336* RKT2* RKT2)
IF (RKT .GT. 0.8) DIF = 0.165*SOLHOR
C DI RECT HORI ZONTAL
DIRH = AMAX1(0., SOLHOR- DI F)
C DI RECT NORMAL
DI RN = DI RH/ COSZAV
C CHECK FOR MAXI MUM DI RECT NORVAL

CALL MAXDI R( COSZAV, SOLCON, DI RVAX)
DI RN = AM N1( DI RN, DI RVAX)
1100 CONTI NUE
CALCULATE VET- BULB AND DEW POI NT. THE PROCEDURE 1S
BASI CALLY THAT G VEN ON PAGE 6.16, ASHRAE FUNDAVENTALS
1989, SI TUATION NO. 3

SATURATED VAPOR PRESSURE
PS = PPWNBS( TDRYF)
PARTI AL PRESSURE
PW = . 01* RELHUM PS
HUM DI TY RATI O
HUVRAT = . 622* PW ( PRESHG PW
SPECI FI C ENTHALPY
ENTH = . 24*TDRYF + (1061 +. 444* TDRYF) * HUVRAT
VET- BULB TEMPERATURE
TWETF = WBF( ENTH, PRESHG)
DEW POl NT TEMPERATURE
Y = LOY PW
|F (PW.LE. .1836) THEN
TDEWF = 71.98 + 24.873*Y + .8927*Y*Y
ELSE
TDEWF = 79.047 + 30.579*Y + 1.8893*Y*Y
END | F

O O O O 0O 00000
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Using Standard Formats for Measured Data
As an alternative to using the OTHER subroutine for measured or nonstandard data, one can convert the measured/nonstandard
data into one of the standard formats and then run the DOE-2 wesather processor on that format. For weather with no solar data,
convert to the TRY format described below under “ TRY Format,” and then PACK with the weather processor using TRY SLM.
Only thefollowing TRY data fields need be filled (all unfilled fields should contain 9's):

hour
day
month

year
station humber
dry-bulb temperature

wet-bulb temperature
dew point temperature
wind direction

wind speed
station pressure
total sky cover

type of lowest cloud layer
present weather

For data sets with measured solar data, if global and direct are known, usethe TMY 2 format, described below under “ TMY2
Format.” The only hourly fields that need to befilled are:

hour
day
month

year
global horizontal radiation
direct normal radiation

opagque sky cover
dry-bulb temperature
dew point temperature

atmospheric pressure
wind direction
wind speed

present weather

Inthe TMY 2 header record, all the data items should befilled. For data sets with global horizontal solar data and relative
humidity instead of wet-bulb/dew point, use the DOE-2 measured data format described below.

Using the DOE-2 Measured Weather Format
Measured weather data can be put in the DOE-2 measured weather data format. This format uses metric units and contains the
most commonly measured weather variables. For instance the format uses relative humidity rather than wet-bulb or dew-point
temperature and global horizontal solar rather than direct & diffuse.

Format

The file must be 8760 records in length, each record being 80 characters long.
Units

Item
hour
day
nont h
year
drybu

I'b

Col ums
1- 2
3-4
5- 6
7 -10
11-20

relative humdity 21-30

at nos. pressure 31-40
total horiz. rad. 41-50
wi nd speed 51- 60
Wnd dir. 61-70
sky cover 71-80

For mat
| 2
| 2
| 2
| 4
F10.
F10.
F10.
F10.
F10.
F10.
F10.

RPORORLNPF

All quantities must befilled. If sky cover is unknown, put in -999.

Theraw hourly weather file will look something like this (1 day only):

Centi gr ade

a fraction,

mllibars
wat t s/ 2

ms

0.0to 1.0

degrees fromnorth (north=0; east =90)
a fraction 0.0 to 1.0

11 11997 20.0 0.6 1003. 6 0. 4.5 273. 0.3
2 1 11997 21.0 0.6 1003. 6 0. 4.5 273. 0.3
3 1 11997 22.0 0.6 1003. 6 0. 4.5 273. 0.3
4 1 11997 23.0 0.6 1003. 6 0. 4.5 273. 0.3
5 1 11997 24.0 0.6 1003. 6 0. 4.5 273. 0.3
6 1 11997 25.0 0.6 1003. 6 0. 4.5 273. 0.3
7 1 11997 26.0 0.6 1003. 6 50. 4.5 273. 0.3
8 1 11997 27.0 0.6 1003. 6 200. 4.5 273. 0.3
9 1 11997 28.0 0.6 1003. 6 450. 4.5 273. 0.3
10 1 11997 29.0 0.6 1003. 6 600. 4.5 273. 0.3
11 1 11997 29.0 0.6 1003. 6 750. 4.5 273. 0.3
12 1 11997 29.0 0.6 1003. 6 750. 4.5 273. 0.3
13 1 11997 28.0 0.6 1003. 6 750. 4.5 273. 0.3
14 1 11997 27.0 0.6 1003. 6 600. 4.5 273. 0.3
15 1 11997 26.0 0.6 1003. 6 450. 4.5 273. 0.3
16 1 11997 25.0 0.6 1003. 6 200. 4.5 273. 0.3
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17 1 11997 24.0 0.
18 1 11997 23.0 0.
19 1 11997 23.0 0.
20 1 11997 21.0 0.
21 1 11997 19.0 0.
22 1 11997 18.0 0.
23 1 11997 17.0 0.
24 1 11997 16.0 0.
Example Input:

PACK

Test MeasW h For mat
OTHER -999 -999
1.00 1.00 1.00 1.00
-999.

LI ST

PACKED -999 -999
STAT

END

(eNe)Ne)NeoNerNerNerNe))

1003.
1003.
1003.
1003.
1003.
1003.
1003.
1003.

540.7 74.2

1

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

12

6 50.

6 20.

6 0.

6 0.

6 0.

6 0.

6 0.

6 0.

30- BI TSOLAR

PREARRADL
oo g oo g

4 20.

273.
273.
273.
273.
273.
273.
273.
273.

. 025

COCOCOo00o
WWwwwwwww
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TRY Format

File Field Number Columns Element

001 01-05 STATION NUMBER

002 06 - 08 DRY-BULB TEMPERATURE

003 09-11 WET-BULB TEMPERATURE

004 12-14 DEW POINT TEMPERATURE

005 15-17 WIND DIRECTION

006 18-20 WIND SPEED

007 21-24 STATION PRESSURE

008 25 WEATHER

009 26 - 27 TOTAL SKY COVER

010 28-29 AMOUNT OF LOWEST CLOUD LAYER

01l 30 TYPE OF LOWEST CLOUD OR OBSCURING PHENOMENA

012 31-33 HEIGHT OF BASE OF LOWEST LAYER

013 34-35 AMOUNT OF SECOND CLOUD LAYER

014 36 TYPE OF CLOUD - SECOND LAYER

015 37-39 HEIGHT OF BASE OF SECOND LAYER

016 40- 41 SUMMATION AMOUNT OF FIRST TWO LAYERS

017 42 - 43 AMOUNT OF THIRD CLOUD LAYER

018 44 TYPE OF CLOUD - THIRD LAYER

019 45- 47 HEIGHT OF BASE OF THIRD LAYER

020 48 - 49 SUMMATION AMOUNT OF FIRST THREE LAYERS

021 50-51 AMOUNT OF FOURTH CLOUD LAYER

022 52 TYPE OF CLOUD - FOURTH LAYER

023 53-55 HEIGHT OF BASE OF FOURTH LAYER

024 56 - 59 SOLAR RADIATION?

025 60 - 69 BLANK

026 70-73 YEAR

027 74 -75 MONTH

028 76- 77 DAY

029 78-79 HOUR

030 80 BLANK

#The DOE-2 weather processor recognizes the following solar datain TRY format: Packing a TRY file with solar data
Columns 57-59  Total horizontal radiation in Btu/ft>hr formatted as above and specifying the
Columns 61-63  Direct normal radiation in Btu/ft>-hr SOLAR option will result in the solar data

being transferred to the DOE-2 packed
weather file,
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TRY Format (continued)

FileField
Number Columns Element Configuration Code Definitions and Remarks
001 01-05 STATION NUMBER 01001 - 98999 Unique number used to identify each station. Usually a
WBAN number, but occasionally aWMC or other
number system.
002 06 - 08 DRY BULB TEMP 000 to 140 Temperature in whole °F:
003 09-11 WET BULB TEMP -01 t0-80 000t0 140 = 0° to 14°F
004 12-14 DEW POINT TEMP or 999 0Olto -80= -l to-80°F
999 = Missing
005 15-17 WIND DIRECTION 000 - 360 Direction from which thewind is blowing in whole
or 999 degrees.
000 =Cam
001-360 = 1° - 360°
999 = Missing
Note: Prior to 1964, direction was recorded to only 16 intervals (points of the
compass). The following scheme was used to convert these values to whole
degrees.
000 = Cam 180 = South
360 = North 203 = South Southwest
023 = North Northeast 225 = Southwest
045 = Northeast 248 = West Southwest
068 = East Northeast 270 = West
090 = East 293 = West Northwest
113 = East Southeast 315 = Northwest
135 = Southeast 338 = North Northwest
158 = South Southeast
006 18-20 WIND SPEED 000 - 230 Wind speed in whole knots.
or 999 000 =Cam
001-230 = 1-230 knots
999 = Missing
007 21-24 STATION PRESSURE 1900 - 3999 Pressure at station in inches of Hg times 100:
or 9999 1900-3999 = 19.00 - 39.99 in Hg
9999 = Missing
008 25 WEATHER 0-9 Type of weather at the time of observation.
0 = No obstructions
1=Fog
2 = Haze
3 =Smoke

4 = Haze and smoke

5 = Thunderstorm

6 = Tornado

7 = Liquid precipitation (rain, rain showers, freezing
rain, drizzle, freezing drizzle)

8 = Frozen precipitation (snow, snow showers, snow
pellets, snow grains, sleet, ice pellets, hail)

9 = Blowing dust, blowing sand, blowing spray, dust

Note: Original observations may contain combina-tions
of these dements. Whenever this occurred, a priority was
assigned for the purpose of indicating weather in thisfile.
(1) - Liquid precipitation - 7

(2) - Frozen precipitation - 8

(3) - Obstructionstovision-1, 2, 3,4, 9

(4) - Thunderstorm (no precipitation) - 5

(5) - Tornado (no precipitation) - 6

Revised April, 1999 VII.18



DOE-2.1E Documentation Update: Weather Processor

TRY Format (continued)

FileField
Number Columns Element Configuration Code Definitions and Remarks
009 26 - 27 TOTAL SKY COVER 00-10 Amount of the sky covered by clouds or obscuring
010 28-29 AMT OF LOWEST CLOUD or 99 phenomena in tenths.
LAYER
013 34-35 AMT OF SECOND CLOUD LAYER 00-10 = 0-10 tenths
016 40-41 SUM OF FIRST TWO LAYERS 99  =Missing
017 42 - 43 AMT OF THIRD CLOUD LAYER
020 48 - 49 SUM OF FIRST THREE LAYERS
021 50-51 AMT OF FOURTH CLOUD LAYER
011 30 TYPE OF LOWEST CLOUD 0-9 Generic cloud type or obscuring phenomena:
OR OBSCURING PHENOMENA 0=Clear
014 36 TYPE OF CLOUD - SECOND 1="Fogor other obscuring phenomena
LAYER 2 = Stratus or Fractus Stratus
018 44 TYPE OF CLOUD - THIRD 3 = Stratocumulus
LAYER 4 = Cumulus or Cumulus Fractus
022 22 IX$E§ F CLOUD - FOURTH 5 = Cumulonimbus or Mammatus
6 = Altostratus or Nimbostratus
7 = Altocumulus
8 = Cirrus
9 = Cirrostratus or Cirrocumulus
9 = Unknown if the amount of cloud is 99
012 31-33 HEIGHT OF BASE OF 000 - 760 Height of base of clouds or obscuring phenomenain
LOWEST LAYER hundreds of feet
015 37-39 HEIGHT OF BASE OF or 777 000-760 = 0-76,000 fest
SECOND LAYER 77 = Unlimited - clear
019 45 - 47 HEIGHT OF BASE OF or 888 888 = Cirroform clouds of unknown height
THIRD LAYER 999 = Missing
023 53-55 HEIGHT OF BASE OF or 999
FOURTH LAYER
024 56 - 59 SOLAR RADIATION 0000 - 1999 Total solar radiation in Langleys to tenths. Values are
or 9999 for the hour ending at timeindicated in Field 029.
0000-1999 = 0-199.9 Langleys
9999 = Missing
025 60 - 69 BLANK DDDDDD Blank field--reserved for future use.
026 70-73 YEAR 1900 - 2099 Year
027 74 -75 MONTH 01-12 Month of year: 01 = Jan., 02 = Feb., ec.
028 76 - 77 DAY 01-31 Day of month
029 78-79 HOUR 00-23 Hour of observation in Local Standard Time.
00-23 = 0000-2300 LST
030 80 BLANK DDDDDD Blank field, reserved for future use.
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CD144 Format

Figure1: Record format for CD144 weather FILES

CLOUD COVER WEATHER/OBSTRUCTIONS
BY LAYER
ﬂ': w
ol ot i ol v |

STATION CEILING 25 =z|N 338,82 &

NUMBER | YEAR| MO | DAY |HOUR| HEIGHT |fst|2nd |3rd|4th| VISBILITY B85 & | 5| 55525 & 8
XX X XX XXIXX|XX|XX| X X X [ X X X[ X| X X X | X X[ X[ X|X[X[X[X
< 1TO 31 >

WIND

SEA LEVEL DEW POINT | DIREC- STATIC DRY-BULB WET-BULB RELATIVE

PRESSURE TEMPERATURE | TION | SPEED PRESSURE TEMPERATURE | TEMPERATURE |  HUMIDITY
X X X X | X X X X X X X X X X X X X X X X X | X X X
< 32 TO 55 >

CLOUDS AND OBSCURING PHENOMENA

§ LAYER 1 LAYER 2 'g LAYER 3 ':2) LAYER 4
O | = o = [e] = w o
o3 5w Z 3w 2 3 |w a4
= Q|a | HEIGHT| 2 & | HEIGHT | = 2|o| HEIGHT |5 | 2 |&| HEIGHT | & | £
o \Z|F |~ 2| 2F Pl < |F o
X X X X X X X X X X X X X X X X X X X X X X x «x
< 56 TO 80 >
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Weather Data in DOE-2.2
Example of subroutine OTHER, 11
Format
TMY2, 3
WYEC?2, 4
Introduction, 2
Nonstandard Data, 10
Subroutine OTHER, 10
Solar Data, 3
Source Data, 2
Source Data and Formats (TMY2 and WYEC?2), 2
Standard Formats, Measured Data, 15

INDEX

TRY Format Example, 17
Using the DOE-2 Measured Weather Format, 15
Variables (Hourly, Hourly Solar, Variable, Header
Data), 2
Weather Processor, 4
ASCII Weather Files
FMTWTH Program Listing, 7
Moving Data, 7
WTHFMT Program Listing, 9
I/O, 4
Input Description, 4
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TABLE VIII.?Z
CALIFORNIA CLIMATE ZONE WEATHER FILE INVENTORY

Zane Representative Cities DOE-Z Filename

1. North Coast Crescent City CTZ01
' Eureka
Fort Bragg
Orleans
Scotia

2. North Coast Valley Healdsburg CTZ02
Napa
Petaluma
Santa Rosa
St. Helena
Ukiah

3. San Francisco Bay Area Berkeley CTZ03
Hamilton AFB
Qak Tand
Redwood City
San Mateo
San Rafael
San Francisco

4. Upper Coast Range Valley Hollister LTZ04

King City

Livermore

Los Gatos

Monterey

Salinas

San Jose

Santa Clara

Santa Cruz

Watsonville

5. Llower Coast Range Valley Lompoc CTZ05
0jai
Oxnard
Paso Reobles
San Luis Obispo
Santa Barbara
Santa Paula
Santa Maria

6. Los Angeles Beach Cuiver City 7206
Laguna Beach
Los Angeles Airport
Newport Beach
Santa Monica
Torrance
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Zone Representative Cities DOE-2 Filename

7. San Diego Chula Vista CTZ07
Escondido
San Diego

8. Santa Ana E1 Toro {7708
Long Beach
Santa Ana
Yorba Linda

. 9. Los Angeles City Burbank CTZ08
Los Angeles Civic Center
Pasadena
San Fernando
San Gabriel

10. San Bernadino Beaumont {1210
Corona
Redlands
Riverside
San Bernadino
San Jacinto
Upland

11. Northern Zone Alturas CTZ1
Chico
Colusa
Marysvilie
McCloud
Oraville
Orland
Red Bluff
Redding
Susanville
Willows
Yreka

12. Central Zone Antioch £TZ12
Auburn
Davis
Lodi
Modesto
Nevada City
Placerville
Sacramento
Stockton
Tahoe City
Vacaville
Woodland
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Zone Representative Cities DOE-2 Filename

13. San Joquin Valley Bakersfield CTZ13
Coalinga
Fresno
Los Banos
Madera
Maricopa
Merced
Porterville
Visalia

14. High Desert Barstow CTZ14
Bishop
Daggett
Lake Arrowhead
Mt. Wilson
Palmdale
Sandberg
Trona
Twentynine Palms
Victorvilie

15. Low Desert Biythe CTZ15
Brawley
Eagle Min.
ET Centro
Imperial
indio
iron Mtn.
Needies
Palm Springs

16. Lake Tahoe Boca CTZ16
Tahoe City
Tahoe Valley airport
Truckee (ranger station)
(Along the west edge
of CTZ 16 - see Fig.
VIII.1 - is a 6500 ft.
contour. Any area between
6500 ft. and 5600 ft. is
part of CTZ 16)
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D.  SOLAR RADIATION DATA

None of the present TRY or California weather files contain measured solar
radiation data. Two options are currently available for calculating the needed
hourly values.

In the first option, the LOADS program calculates hourly values of solar
radiation for the station in question using the Boeing cloud cover modifier to
estimate solar radiation from cloud cover data.

The second option uses the Kimura-Stephenson cloud cover modif ier model.
This model is available only in the weather processor for TRY tapes.
Specifying the TRYKS option to the weather processor will result in a solar
packed weather file. The DOE-2 LOADS program will then use these solar values
in place of the usual Boeing calculations described in the first option. The
Kimura-Stephenson algorithm was developed from a comparison of measured solar
data with cloud cover data for a location near Ottawa, Canada. The resulting
¢loud cover constants, therefore, include the Ottawa clearness numbers. This
option shouid only be used for climates similar to Ottawa.

SOLMET

One year of solar data for each of 35 US weather stations will be included
in the weather data library in the future. The SOLMET format and a map showing
the location of the solar monitoring weather stations are included as Figs.
VIII.2 and VIII.3, respectively. The SOLMET Manual describes how the solar
data were prepared and summarizes the methods used to correct existing data
and to provide missing data.

E.  DESIGN DAY

The user may instruct the program to perform the LOADS and SYSTEMS calcu-
lations for a design day. The format for design-day input is given in Chap. III.
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F.  WEATHER DATA PROCESSING PROGRAMS

DOE-Z2 contains weather data processing programs that can be used to con-
struct packed binary files of weather data from weather stations that are not
in the DOE-2 weather Tlibrary.

The programs in the weather package are as follows:

ad.

See

PACK -

LIST -

EDIT -

STAT -

This program compresses weather data from TRY (Test Reference
Year), TMY, TD1440, CD144, CTZ, and WYEC tapes into a format
which is readable by DOE-2Z2.

This program abstracts and prints data from weather files for
any user-specified time interval,

It is possible with this program to edit, or change, a packed
weather file.

This program reads a packed weather file and produces a
yeariy statistical summary.

Appendix VIII.C for a discussion of how to use these programs.
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APPENDIX VIIIL.A

NOAA TEST REFERENCE YEAR

WEATHER -DATA MANUAL

(September 1976)

Available From:

National Climatic Center
Federal Building
Asheville, North Carolina 28801

(704) 254-0961
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A. INTRODUCTION

Efficient heating and cooling is largely dependent on building design and
on the design of the heating and cooling system. C{Comparison of heating and
air-conditioning systems in a locale requires consideration of the effects of
the weather. This weather information must be in great detail.

The American Society of Heating, Refrigerating, and Air-Cenditioning En-
gineers {ASHRAE) established a task group on energy requirements for heating
and cooling Targe structures. Simultaneously, in the interest of energy con-
servation, the National Bureau of Standards (NBS) and the National Oceanic and
Atmospheric Administration (NCAA) were attempting to develop climatclogical
data packaging most useful for building design applications. Joining forces,
the three groups established & working group to deveiop the concept of a Test
Reference Year (TRY). TRY would consist of hourly weather data values for a
selected reference year to be used by engineers in a given area to compare
different heating and air-conditioning systems in the same building or in
different buildings.

At the same time, the Federal Energy Administration {FEA)--as a member
of the Steering Group on Climatic Conditions and Reference Year of the NATO
Committee on Challenges of Modern Society--was also working on the problem.
Consolidation of both efforts resulted in the development of a selection pro-
cess for the TRY, an international format for presentation of the TRY data,
and TRY calculations for 60 cities within the United States.

The ASHRAE approved procedure was chosen for selecting a TRY. The prin-
cipie of selection is to eliminate years in the period of record containing
months with extremely high or low mean temperatures until only one year re-
mains. The period of record examined for 59 United States stations is T1948-
1975. The 60th station, Portland, Oregon, has a period of record of 1949-1975.

Extreme months are arranged in order of importance for energy compari-
sons, Hot Julys and cold Januarys are assumed to be the most important.
A1l months are ranked by alternating between the warm half (May to October)
and the cold half (November to April) of the year, with the months closest
to late July or 1late January given priority. The resulting order is given
in the center column below., If, in addition,, it is assumed that hot summer
months or coid winter months are more important than cool summer or mild
winter months, then the order of extreme months will be down the first col-
umn below from "Hottest July" to "Coolest April" and then down the tast col-
umn from “Coolest July" to Warmest April®.

Hottest July Coolest
Coldest January Mildest
Hottest August Coolest
Coldest February Mildest
Hottest June Coolest
Coldest December Mildest
Hottest September Coolest
Coldest March Mildest
Warmest May Coolest
Coolest November Warmest
Warmest October Coolest
Coolest April Warmest
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The first step in the selection process is to mark all 24 extreme months.

Continue marking months starting with next-to-the-hottest July, then
next-to-the-coldest January and so on down the first column and then down the
second column above until only one year remains without any marked month, 1If
two or more years remain without any marked months, the process is repeated
with the third, fourth, etc. hottest or coldest extremes until only one year
remains without any marked month. The remaining year is the TRY.

The weather in the test year is a standard for comparison of heating and
cocling systems. It is not considered sufficiently typical to yield reliable
estimates of average energy requirements over several years.

1. Source

Weather observations, in support of aircraft operations, have been taken
at airports since the earliest days of aviation. The rapid growth of the in-
dustry during the 1940's made it evident that some mechanical means of summar-
izing the data must be developed. How was a site to be selected or an airport
designed without adeguate statistical information on which to base decisions?
The first efforts toward this end caused the WBAN No. 1 card to come into be-
ing. For archiving purposes, these observations, mostly from military sta-
tions, were designated as Card Deck-141. The period of record is generally
1941-1944. A change of format necessitated a new card deck designation (Card
Deck-142) to be instituted in 1945. This deck remained in force into 1948.
During 1948 additional major changes were made in observing and recording
practices. These led to the development of Card Deck-144. Although the usual
beginning date of digital information in this form is June 1948, the change-
over was made station by station on varying dates. Then too, some stations
have had observations back-punched in this format to much earlier dates.

In the early 1960's, the FAA undertook a major airport study. To facili-
tate the handling of large masses of data necessary for this effort, the Cli-
matological Services of the Weather Bureau, Air Force, and Navy, along with
the FAA, devised the tape format. This format was called Tape Data Family-14
{TDF-14) to retain some continuity with the card decks. Within this family
of similar observations there are several Tape Decks - each one uniquely iden-
tified at the beginning of each physical record on tape.

2. Quality Control and Conversions

A1l observations have been subjected to some form of quality control.
During the earlier years, this was almost entirely a manual effort. As more
sophisticated techniques of processing were introduced, the quality control
procedures were also improved. Today, the quality control effort is a blend
of several computer programs and manual review. Observations are checked for
conformance to established observing and coding practices, for internal con-
sistency, for aerial or time oriented consistency, and against defined limits
for various meteorological parameters.

The archiving of long term climatological information presents an almost

constant dilemma to the archivist, systems analyst, and programmer. Refine-
ments of observational instruments, new techniques, changes in user needs,
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and other factors combine to keep the incoming data in an almost perpetual
state of change. In some instances the changes are of such significance that
individual fields in the tape format must be redefined and the ultimate user
must adapt this new information to his needs.

At other times, the changes may be of such a nature that they can be in-
corporated into the existing format by converting units or other measurements.
For example, windspeeds were recorded and punched in miles per hour through
1955 and in knots thereafter. A1l wind speeds on the tape file are in knots,
the eariier period having been converted from mph.

Fach selected TRY was resubjected to the computer and hand-edit routines,
updates being made as necessary.

Some additional conversions were done for the TRY tapes. For the period
prior to 1964, wind directions were reported and recorded to 16 points of the
compass. These values have been converted to whole degrees. The conversion
method used is expliained under Tape Field 005. The user is cautioned that for
these years wind directions will be biased. Beginning with 1964, wind direc-
tions were recorded to whole degrees and these values will appear on the TRY
tapes if the selected year occurs during this period.

3. Use of the Manual

This manual was designed so that recourse to additional reference mater-
ial should be urnnecessary. Occasionally, however, the user may wish to obtain
copies of original reference manuals or other information. This may be done
by writing to the Director, National Climatic Center, Asheville, NC 28801.

Care should be taken to read carefully the general tape notations and
coding practices.
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B. MANUAL AND TAPE NOTATIONS
1. Format

Each logical record {observation) is 80 bytes long. Archive files are
blocked 24 logical records {1920 bytes) per physical tape record. Tapes may
be ordered with different blocking factors at no additional cost.

The initial file contains TRY data for 60 stations, 20 stations on each
reel of tape. An inventory showing stations and selected years is included
in this manual.

The manual presents a graphical representation of the tape format indica-
ting Tape Fields, Tape Positions, and Element Definition followed by detailed
information for each field.

2. - Manual and Tape

X = any numeric or alphanumeric character
- = an "11" or zone punch
A = blank

NOTE: Missing fields are 9 filled.
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C.  SPECIAL NOTE

Space has been designated for the inclusion of Sclar Radiation values.
At the present time, this Tape Field will contain 9's.

At the conclusion of the Solar Radiation Rehabilitation Project, it is
expected that these data will be added to the TRY tapes. Even at that time,
however, only a small percentage of the stations wili have the Solar Radiation

data availabte.
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D. INVENTORY
WBAN NUMBER
(Tape 1)

03827
03937
03940
12839
12842
12916
12918
12919
12921
13722
13737
13739
13740
13743
13874
13876
13880
13889
13893
13897

(Tape 2)

13967
13968
13983
13985
13988
13994
14732
14733
14735
14739
14742
14764
14819
14820
14837
14922
14942
23042
23044
23047

STATION

Fort Worth, TX
Lake Charles, LA
Jackson, MS
Miami, FL

Tampa, FL

New Orieans, LA
Houston, TX
Brownsville, TX
San Antonio, TX
Raleigh, NC
Norfolk, VA
Philadelphia, PA
Richmond, VA
Washington, DC
Atlanta, GA
Birmingham, AL
Charleston, SC
Jacksonville, FL
Memphis, TN
Nashville, TN

Oklahoma City, OK
Tulsa, OK
Columbia, MO
Dodge City, KS
Kansas City, MO-
St. Louis, MO
New York, NY
Buffalo, NY
Albany, NY
Boston, MA
Burlington, VT
Portland, ME
Chicago, IL
Cleveland, OH
Madison, WI
Minneapolis, MN
Omaha, NE
Lubbock, TX

E1 Paso, TX
Amarillo, TX
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SELECTED TRY

1975
1966
1964
1964
1953
1958
1966
1955
1960
1965
1951
1969
1969
1957
1975
1965
1955
1965
1964
1972

1951
1973
1968
1971
1968
1872
1951
1974
1969
1969
1966
1965
1974
1969
1974
1970
1966
1955
1967
1968



WBAN NUMBER

(Tape 3)

23050
23174
23183
23188
23232
23234
24011
24018
24127
24131
24143
24225
24229
24233
93193
93814
93819
93821
94823
94847

STATION

Albuquerque, NM
Les Angeles, CA
Phoenix, AZ

San Diego, CA
Sacramento, CA

San Francisco, CA
Bismarck, ND
Cheyene, WY

Salt Lake City, UT
Boise, ID

Great Falls, MT
Medford, OR
Portland, OR
Seattle-Tacoma, WA
Fresno, CA
Cincinnati, OH
Indianapolis, IN
Louisville, KY
Pittsburgh, PA
Detroit, MI

VIiII.24

SELECTED TRY

1959
1873
1951
1974
1962
1974
1970
1974
1948
1966
1956
1966
1960
1960
1951
1957
1972
1972
1957
1968
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TAPE FIELD TAPE

NUMBER POSITIONS ELEMENT

00t 01 - 05 STATION NUMBER

002 06 - 08 DRY BULB TEMPERATURE

003 09 - 1 WET BULB TEMPERATURE

004 12 - 14 DEW POINT TEMPERATURE

005 15 - 17 WIND DIRECTION

006 18 - 20 WIND SPEED

007 21 - 24 STATION PRESSURE

008 25 WEATHER

009 26 - 27 TOTAL SKY COVER

010 28 - 29 AMOUNT OF LOWEST CLOUD LAYER
011 30 TYPE OF LOWEST CLOUD OR OBSCURING PHENOMENA
012 31 - 33 HEIGHT OF BASE OF LOWEST LAYER
013 34 - 35 AMOUNT OF SECOND CLOUD LAYER
014 36 TYPE OF CLOUD - SECOND LAYER
015 37 - 39 HEIGHT OF BASE OF SECOND LAYER
016 40 - 41 SUMMATION AMOUNT OF FIRST TWO LAYERS
017 42 - 43 AMOUNT OF THIRD CLOUD LAYER
018 44 TYPE OF CLOUD - THIRD LAYER
019 45 - 47 HEIGHT OF BASE OF THIRD LAYER
020 48 - 49 SUMMATION AMOUNT OF FIRST THREE LAYERS
021 50 - 51 AMOUNT OF FOURTH CLOUD LAYER
022 52 TYPE OF CLOUD - FOURTH LAYER
023 53 - 55 HEIGHT OF BASE OF FOURTH LAYER
024 56 - 59 SOLAR RADIATION

025 60 - 69 BLANK

026 70 - 73 YEAR

027 74 - 75 MONTH

028 76 - 77 DAY

029 78 - 79 HOUR

030 80 BLANK
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TAPE TAPE TAPE CODE DEFINITIONS
FIELD NUMBER  POSITIONS ELEMERT CONFIGURATION AND REMARKS

001 01 - 05 STATION NUMBER 01001 - 98999 Unigue number used to identify each
station. Usually a WBAN number, bui
occasionally a WMC or other number

system.
002 0c - 08 DRY BULB TEMPERATURE 0oc - 140 Specified temperature in whole degrees
003 09 - 11 WET BULB TEMPERATURE -01 - -80 Fahrenheit.
004 12 - 14 DEW POINT TEMPERATURE 599
000-140 = 0° -~ +140°F
-01--80 = -19 - —BO%F
995 = Missing
005 15 - 17 WIND DIRECTICN 000 - 360 Birection from which the wing is
999 blowing in whole degrees.
000 = Calm
007-360 = Q019 - 3800
939 = Missing
NCTE: Prior to 1964 direction was
recorded to only 16 intervals (points
of the compass). The following scheme
was used to convert these values to
whole degrees.
TAPE ORIGINAL CODE
000 = Caim
360 = North
023 = North Northeast
045 = Northeast
066 = East Northeast
090 = East
113 = East Southeast
135 = Southeast
158 = South Southeast
180 = South
203 = South Southwest
225 = Southwest
248 = MWest Southwest
270 = West
283 = MWest Northwest
315 = Northwest
338 = North Northwest
(£1673) 18 - 20 WIND SPEED 000 - 230 Wind speed in whole knots.
999
000 = Calm
001-230 = 1-230 knots
899 = Missing
007 21 - 24 STATION PRESSURE 1900 - 3999 Pressure at station in inches and
9999 hundredths of Hg.
1900-3999 = 19.00 -~ 39.99 in Hg.
9999 = Missing
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TRPE

THRPE
FIELD NUMBER

POSITIONS

TAPE

TAPE
ELEMENT

CONF IGURATION

CODE DEFINITIONS
AND REMARKS

008

009
010
C13
016
017
020
c21

011
014

018
022

25

26
28
34
40
4z
48

30
36

24
52

- 27
- 29

- 43
- 43

WEATHER 0-9

TOTAL SKY COVER
AMOUNT OF LOWEST CLOUD LAYER 99
AMOUNT OF SECOND CiLOUD LAYER
SUMMATION OF FIRST TWO LAYERS

AMOUNT OF THIRD CLOUD LAYER

SUMMATION QF FIRST THREE LAYERS
AMOUNT OF FOURTH CLOUD LAYER

TYPE OF LOWEST CLOUD OR
GBSCURING PHENOMENA

TYPE OF CLOUD - SECOND LAYER
TYPE OF CLOUD - THIRD LAYER
TYPE OF CLOUD -~ FOURTH LAYER
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00 - 10

Occurrence of weather at the time of

observation.

0 No weather or cbsiructions teo

vision.

Fog

Haze

Smoke

Haze and smoke

Thunderstorm

Tornado

Liguid precipitation {rain, rain

showers, freezing rain, drizzie,

freezing drizzle}

8 = Frozen precipitation (snow, snow
showers, snow peliets, snow grains,
sleet, ice pellets, hatl)

9 = Blowing dust, blewing sand, blowing
spray, dust

SO B )RS
LA (| | O (I A |

NOTE: Original observations may
contain combinations of thess ele-
ments, Whenever this occurred, a
priority was assigned for the purpose
of indicating weather in this Tape Deck.

(1) - Liguid precip - 7

(2) -~ Frozen precip - 8

(3) - Obstructions to vision ~ 1, 2, 3,
4, 9

{4} - Thunderstorm {no precip) - &

{5} - Tornado (nc precip) - &

Amount of the celestial dome covered
by clouds or obscuring phenomena in
tenths.

00-10 = 0-10 tenths
99 = Missing

Generic cloud type Gr obscuring
phenomena.

Clear

Fog or other obscuring phenomena
Stratus or Fracius Stratus
Stratocumulus

Cumulus or Cumulus Fractus
Cumuionimbus or Mammatus
Altostratus or Nimbostratus
Altocumulus

Cirrus

Cirrostratus or Cirrocumulus
Unknown if the amount of cloud is 99

WO DSOS W — O
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TAPE TAPE TAPE CODE DEFINITIONS
FIELD NUMBER  POSITIONS ELEMENT CONFIGURATION AND REMARKS
g1z 31 - 33 HEIGHT OF BASE OF LOWEST LAYER 000 - 760 Height of base of clouds or gbscuring
015 37 - 3¢ HEIGHT OF BASE OF SECOND LAYER 777 phenomena in hundreds of feet.
0i9 45 - 47 HEIGHT QF BASE OF THIRD LAYER 888
02z3 53 - E5 HEIGHT OF BASE OF FOURTH LAYER 999
000-760 = 0-76,000 feet
777 = Unlimited — clear
888 = Cirroform clouds
of unknown height
93¢ = Missing
024 5 - 59 SOLAR RADIATION 0000 - 1999 Total solar radiation in Langleys to
9299 tenths. Values are for the hour ending
at time indicated in Field 029.
0000-1989 = (-199.9 Langleys
9999 = Missing
0z5 60 - 69 BLANK ALAAAALAAA Blank field - reserved for future use.
0z6 70 - 73 YEAR 1948 - 1980 Year
Q27 74 - 75 MONTH 01 - 12 Morth of year
01 = Jdan
02 = Feb
etc.
028 76 - 77 DAY 01 - 37 Day of month
023 78 - 79 HOUR 00 - 23 Hour of observation in Local Standard
Time.
00-23 = 0000-2300 LST
030 80 BLARK A Blank field - reserved for future use.
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APPENDIX VIII.B

TMY WEATHER DATA
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INTRODUCTION

Solar radiation and surface meteorological data recorded on an hourly*
basis are maintained at the Natijonal Climafic Center (NCC), Asheville, North
Carolina. These data cover recording perigus from January 1953 through
December 1975 for 26 data rehabilitation stations, although the recording
periods for some stations may differ. The data are available in blocked
(compressed) form on magnetic tape (SOLMET) for the entire recording period
for the station of interest.

Contractors desiring to use a data base for simulation or system studies
for a particular geographic area require a data base that is more tractable
than these, and also one that is representative of the area. Sandia National
Laboratory has used statistical techniques to develop a method for producing
a typical meteorological year (TMY) for each of the 26 rehabilitation
stations. This section describes the use of these magnetic tapes.

The TMY tapes comprise specific calendar months selected from the entire
recorded span for a given station as the most representative, or typical, for
that station and month. For example, a singie January is chosen from the 23
Januarys for which data are recorded from 1953 through 1975 on the basis of
its being most nearly like the composite of all 23 Januarys. Thus, for a
given station, January of 1967 might be selected as the typical
meteorological month (TMM) after a statistical comparison with alil of the
other 22 Januarys. This process is pursued for each ot the other caiendar
months, and the twelve months chosen then constitute the TMY.

Although the data have been rehabilitated by NCC, some recording gaps do
occur in the SOLMET tapes. Moreover, there are data gaps because of the
change from one-hour to three-hour metecrological data recording in 1965.
Consequently, as TMY tapes were being constituted from the SOLMET data, the
variabies data for barometric pressure, temperature, and wind velocity and
direction were scanned on a month by month basis, and missing data were
replaced by linear interpoiation. Missing data in the leading and trailing
positions of each monthly segment are replaced with the earliest/latest
legitimate observation.

Also, since the TMM's were selected from different calendar years,
discontinuities occurred at the month interfaces for the above continuous
variables. Hence, atter the monthly segments were rearranged in calendar
order, the discontinuities at the month interfaces were ameliorated by cubic
spline smoothing covering the six-hourly points on either side of the
interface.

*Hourly readings for meteorological data are available through 1964; readings
are on a three-hourly basis subsequentiy.
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The record length of the TMY format is 132 characters. Fields actually
used by the DOE-2.1 weather processor are marked with asterisks.

Column
* j-5

* 6-15

* 16-19

* 20-23

* 24-28

29-33
34-38
39-43

44-48
49-53

* 54-58

59-68
69-70

* J1-72

73-76

Contents

HBAN station number.

Solar time at end of hourly solar observation.

* 57 Year of observation {00-99 = 1900-1999}
* 89 Month of observation (01-12)

* 10-11 Day (01-31)

* 12-15 End of the hour of observation 0001-2400 (hours and
minutes).

Local standard time in hours and minutes corresponding to the
solar time given above.

Extratergestrial radiation kJ/m2 based on solar constant =
1377 J/mSs.

Direct normal radiation kJ/m?. Column 24 is a model flag;
columns 25-28 contain the data.

Diffuse radiation kJ/mZ.

Net radiation.

Tiit radiation.

Observed radiation kJ/mz.

Engineering corrected radiation.

Standard year corrected radiation in kJ/mZ. This s used by
DOE-2 as the total horizontal radiation. Column 54 is a model
flag; columns 55-58 contain the data.

Additional radiation data.

Minutes of sunshine for local standard hour most closely
matching the solar hour,

Time of surface observation (hour) 00-23. This is the local
standard hour of the TD 1440 observation closest to the mid-
point of the hour for which solar data was taken.

Ceiling height in meters times ten.
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94-98

* 99-103
* 104-107
* 108-111
* 112-114
* 115-118
* 119-120
* 121-122
123
124-132

Contents

Sky condition.

Visibility in hundreds of meters (tenths of kilometers).
Weather flags—used to set the rain and snow flags for the
weather file. These flags are never used by the program. See
SOLMET manuai Vol. I, page 4 for a description of this field.

Atmospheric pressure reduced to sea level in tenths of
millibars (08000 to 10999).

Station atmospheric pressure in tenths of millibars.
Dry-bulb temperature in tenths of °C (-700 - 0600).
Dew point temperature in tenths of °C.

Wind direction in degrees.

Wind speed in tenths of m/s (0000-1500).

Total sky cover (tenths) (00-10).

Total opaque sky cover (tenths).

Snow cover flag; 0 = none, 1 = some,

Blank.
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STATION NUMBER

03927
01937
03945
12832
12839
12919
13880
13897
13985
14607
14837
23044
23050
23154
21\
21213
24011

24143
24225
24233
91193
93729
91734
9470

94728
94918

STATION NAME

Fort Worth, TX
Lake Charles, LA
Columbia, MO
Analachicola, FL
Miami, FL
Brownsville, TX
CharTeston, SC
Nashville, TN
Dodge Ctty, KS
Caribou, M
Madison, W!

El Paso, TX
Albuquerque, NM
Ely, WY

Phoenix, A7
Santa Marfa, CA
Blsmarck, ND
Great Falls, MY
Medford, OR
Seattle-Tacoma, W
Fresno, CA

Cape Hatteras, NC
Sterting, VA
foston, MA

New York, CN Park
Omaha, NE

Location
Madison

81 smarck
Atbugquerque
Apalachicola
Seattle

Bos ton
Brownsville
Caribou

Lake Charles
Cape Matteras
New York
Charleston
Columbia
Dodge City
£l Paso

Fort Worth
Great Falls
Fresno

Miami
Nashville
Phoent x
Santa Maria
Wash., OC
Omaha

Ely

Medford

Typical Meteorological Months Comprising

Typical Meteorotogical Year for 26 Stations

Jan _ Feb  Mar  Apr  May Juan Jul Aug  Sep- Oct Nov Dec
65 60 12 64 53 57 13 6] 58 74 65 54
60 n 57 54 57 75 69 55 57 68 67 67
58 53 65 66 64 69 57 54 67 65 59 54
60 60 62 63 67 63 58 55 66 55 59 65
15 N 62 72 61 59 62 70 62 66 68 56
66 53 61 60 62 65 51 56 62 57 61 61
64 61 56 65 1A 64 61 66 68 5] 68 75
59 10 70 69 n 53 74 53 12 13 74 60
67 12 56 74 64 5% 70 55 64 72 67 65
65 55 56 69 54 69 68 n 64 66 1 66
58 59 99 74 74 61 60 12 58 56 n 67
60 60 75 59 13 61 53 67 50 65 n 75
65 55 54 10 58 64 62 61 67 74 n 64
60 13 54 62 55 63 61 60 66 54 n 67
14 67 75 14 54 61 N 61 n 67 N, 56
12 61 62 66 66 59 65 55 57 68 T 62
68 65 n 63 1 59 54 62 13 n n 65
64 75 68 53 68 62 54 13 68 66 14 68
62 74 67 59 64 53 87 63 57 65 61 68
54 59 64 74 X 68 75 n 58 69 66 66
68 5 63 57 6A 5 74 72 72 68 59 66
63 59 57 57 56 64 53 62 61 62 93 62
65 10 67 67 56 % 1 65 13 n 11 61
12 59 59 61 58 2 8 60 66 68 74 62
14 n n n 56 5 58 13 66 66 6] 65
66 62 53 69 64 59 69 63 62 60 62 61



APPENDIX VIII.C

WEATHER DATA PROCESSING PACKAGE

The following pages contain a general description
of the weather data processing routines.
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DOE-2 Weather Processor

The weather data available from TRY (Test Reference Year}, 1440, TMY
(Typicail Meteorological Year), WYEC (Weather Year for Energy Computation),
CD144 or CTZ tapes are not useable by the DOE-2 program until they have been
packed, i.e., compressed into a format readable by the DOE-2 program. It is
the purpose of the DOE-Z Weather Processor to accomplish this task. In
adgdition to this task the Weather Processor is capabie of fulfilling other
tasks.

1. It can read either a weather tape or a packed weather file and
produce an hour by hour listing of the data.

2. [t can read a packed file and replace user-selected variables, i.e.,
it can edit a packed file.

3. It can read a packed file and produce a yearly statistical summary.

These four functions will be abbreviated here with the code-words: PACK,
LIST, EDIT, and STAT.

The input deck for the Weather Processor has the following form:
job card

control
cards

End-of-Record Card

user-supplied
data deck

End-of-File

The job card must be formatted according to the rules of the computer service

being used and will not be described here. The control cards will also be
site dependent and will also vary according to which of the above functions is

desired by the user.

Before describing the user—supplied input deck, one other point must be
stressed. Depending upon the computer system being used, the user must arrange
for the unpacked weather file to be placed in the system--either as a tape file
or in some other permanent file storage device. The user will have to supply,
to the control cards, the file name and other parameters required by the com-
puter system to identify the unpacked weather file. Similarly, the output of
the packing and editing functions must aiso be given a location for storage.
Either a tape number and ownership or the disk file name must be supplied by -
the user, to t