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Introduction

A method of test for evaluating building energy simulation computer programs – International Energy Agency Building Energy Simulation Test and Diagnostic Method (IEA BESTEST) - was developed by International Energy Agency (IEA) Solar Heating and Cooling Programme (SHC) Task 12 (Judkoff and Neymark, 1995).  A new task that continues IEA’s work on testing and validation of building energy simulation tools is jointly sponsored by both SHC and the Energy Conservation in Buildings and Community Systems (ECBCS) programmes as IEA SHC Task 34 / Annex 43.  One objective of IEA SHC Task 34 / ECBCS Annex 43 is to extend the original IEA BESTEST to include additional test cases for multi-zone heat transfer.

New test cases – summarized in Table 1 – are designed for testing the ability of building energy analysis tools to model multi-zone heat transfer.  The test cases involve: comparing simulation results to analytical solutions (analytical verification), and comparing simulation results to each other (comparative tests). 

Accompanying Electronic Files

The following TMY2-format weather data file is included with the accompanying electronic media: 

MZDUMMY.TM2.

For reporting output use the following file provided with the accompanying electronic media: 

MZ-Output.XLS.

Participants must submit modeler reports with their simulation results.  For modeler reports, use the format according to the following file provided with the accompanying electronic media:


MZ-ModRep.DOC.

Table 1.  Multi-Zone Steady-State Conduction Test Case Summary 
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Case MZ200: 2-Zone Steady-State Analytical Verification Base Case

Objective

Test the ability of whole-building energy simulation software to model steady-state interzonal conduction for two zones.

Method

This case isolates multi-zone conduction by utilizing a 2-zone building with an adiabatic exterior shell and a thermally conductive internal dividing wall.  Cooling loads are generated with internal gains.  Interzonal heat transfer is driven by different temperature set points in each zone.  Additional simplifications include constant interior surface convective coefficients, and disabled radiation exchange (interior surface emittance = 0).  Because most whole-building simulation programs require weather data for generating results, dummy weather data (TMY2-format) is provided.  Compare whole-building simulation results to analytical solution. 
Specification

The bulk of the work for implementing the remaining cases is assembling an accurate base building model.  It is recommended to thoroughly check base building inputs and results before going on to the other cases.

Case MZ200 is summarized in Figure MZ200-1.   Input parameters are described below.  
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Figure MZ200-1: Case MZ200 – Plan View

Building  Construction

· Zone plan dimensions each zone  = 6 m (19.685 ft) by 8 m (26.247 ft), see Figure MZ200-1. 

· Zone height = 2.7 m (8.858 ft).

· Air volume of each zone = 129.6 m3 (4577 ft3)  

· The internal wall common to and separating Zone A from Zone B has material properties as described in Tables MZ200-1a and MZ200-1b using SI and IP units respectively; IP units were developed using conversions of ASHRAE (2001).

· Internal wall dimensions: length = 8 m (26.247 ft), height = 2.7 m (8.858 ft), thickness = 0.15 m (0.4921 ft)   

· All external surfaces of the zones including exterior walls, floor, and roof are adiabatic (thermal conductance = 0 W/m2K); if your software does not allow adiabatic surfaces, use the lowest thermal conductance your software allows (e.g. 0.000001 W/m2K)

· All external surfaces are massless; if your software does not allow massless surfaces, use the lowest density and/or thermal capacitance that your software allows (e.g. 0.000001 kg/m3 and/or J/kgK)

· There is no interior or exterior surface radiation exchange; one possible method to disable radiation exchange is to set interior and exterior solar absorptances and infrared emittances to 0, or as low as your software allows (e.g. 0.000001)
· No windows

· No infiltration or ventilation

[image: image3.wmf]k

Thickness

U

R

Density

Specific Heat

Element

 (W/mK)

 (m)

 (W/m

2

K)

 (m

2

K/W)

(kg/m

3

)

(J/kgK)

Int Surf Convective Coef

4.0000

0.2500

Common Wall Material

1.20

0.15

8.0000

0.1250

1400

1000

Int Surf Convective Coef

4.0000

0.2500

Total air-air

1.6000

0.6250

Table MZ200-1a: Common Wall Material Properties – SI Units
Table MZ200-1b: Common Wall Material Properties – IP Units
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Internal Gains

· Zone A: 1000 W  (3412 Btu/h)

· Zone B: 1000 W  (3412 Btu/h)

· Internal gains are 100% convective, 0% radiative

· Internal gains are 100% sensible, 0% latent

These are internally generated sources of heat (from equipment, lighting, occupants, etc.) that are not related to operation of mechanical space cooling equipment.

Convective Surface Coefficients

· Common wall interior convective surface coefficient = 4 W/m2K (0.7045 Btu/hft2°F), applied to both sides of the wall (see Tables MZ200-1a and MZ200-1b)

· Adiabatic wall interior convective surface coefficients = 4 W/m2K (0.7045 Btu/hft2°F) 

· Exterior convective surface coefficients = 0 W/m2K, or as low as your software allows.

Mechanical System

The mechanical system provides sensible cooling only (no heating), and is ideal.  The purpose of the cooling system is to give results for energy consumption that are equal to the sensible cooling load.  Model the cooling system as closely as your software allows, as follows:

· Set points

· Zone A: Cool = ON if temperature > 25°C (77°F); otherwise Cool = OFF.     Heat = always OFF

· Zone B: Cool = ON if temperature > 15°C (59°F); otherwise Cool = OFF.     Heat = always OFF

· Sufficient (or greater) capacity to maintain the zone air temperature set point; for example, 1000 kW (3412 kBtu/hft2F)

· Uniform (well mixed) zone air temperature

· 100% efficiency (COP = 1)

· 100% convective air system

· Ideal controls (zone always at set point); for example, assume the heat addition rate equals the equipment capacity (non-proportional control) and there is continuous ON/OFF cycling within the hour as needed

· Thermostat sensing only the zone air temperature

· There is no moisture (latent heat) removal.

Weather Data

Weather data is arbitrary because the building shell is adiabatic.  If your software requires weather data to perform a simulation, use as dummy data the TMY2-format weather data provided with the file:

“MZDUMMY.TM2”.  

TMY2 weather data format is described in Appendix A.  A summary of site and weather data parameters is given in Table MZ200-2.  This weather data file is based on Miami.TM2, but includes many data elements set to 0 or approximate lower limits, and other data elements set to neutral (non-extreme) constant values as follows:

· Global horizontal, direct normal, and diffuse horizontal radiation and illuminance all set to 0 (extraterrestrial horizontal and direct normal radiation were left unchanged from the original weather data file)

· Total and opaque sky cover = 10 tenths, implying the entire sky dome is covered by clouds; this setting intended to reduce exterior infrared radiation exchange

· Dry-bulb temperature = 20°C (is the average of the zone temperatures for Case MZ200)

· Dew-point temperature = -56.6°C (corresponds with humidity ratio of 0.000007 kg/kg and standard atmospheric pressure); calculation of dew point temperature applies common psychrometric formulae (ASHRAE, 2001; Brandemuehl, 1993).  TMY2 documentation indicates that -60°C is the lower limit for TMY2 data.

· Relative humidity = 0.05% (corresponds with humidity ratio of 0.000007 kg/kg, standard atmospheric pressure, and given dry-bulb temperature); calculations apply common psychrometric formulae (ASHRAE, 2001; Brandemuehl, 1993).  This value rounds to 0% in the weather data.

· Atmospheric pressure = 1013 millibars (= standard atmosphere of 14.696 psia) 

· Wind speed = 0 m/s

· Visibility = 20 km (rough annual average for Miami and Denver)

· Ceiling height = 2000 m (rough annual average for Miami and Denver)

· Present weather: no rain, hail, etc.

· Precipitable water = 0 mm

· Aerosol optical depth = 0.1 broadband turbidity (rough annual average of Miami and Denver)

· Snow depth = 0 cm, with ≥ 88 days since last snowfall.

Table MZ200-2. Site and Weather Summary for Multi-Zone Conduction Tests—TMY2 Data

	PRIVATE 
Weather Type
	Artificial Conditions

	Weather Format
	TMY2

	Latitude
	25.8° North 

	Longitude (local site)
	80.3° West 

	Altitude
	2 m (6.6 ft)

	Time Zone (Standard Meridian Longitude)
	5 (75° West)

	Site
	Flat, unobstructed, located exactly at weather station

	Mean Ambient Dry-Bulb Temperature (constant)
	20°C (68°F)

	Dew Point Temperature (constant)
	-56.6°C (-69.9°F)

	Humidity Ratio (constant)
	0.000007 kg moisture/kg dry air

(0.000007 lb moisture/lb dry air)

	Relative Humidity (constant)
	0.05%

	Mean Annual Wind Speed
	0.0 m/s (0.0 miles/h)

	Maximum Annual Wind Speed
	0.0 m/s (0.0 miles/h)

	Global Horizontal Solar Radiation Annual Total
	0 MJ/m² (0 kBtu/ft²) 

	Direct Normal Solar Radiation Annual Total
	0 MJ/m² (0 kBtu/ft²)

	Diffuse Horizontal Solar Radiation Annual Total
	0 MJ/m² (0 kBtu/ft²)


Output requirements

· Steady state cooling load in Zone A (qA) in W or Wh/h

· Steady state cooling load in Zone B (qB) in W or Wh/h

· Air temperature in Zone A (TA) (°C)  

· Air temperature in Zone B (TB) (°C)  

Run the simulations for 1 year and submit values for the last hour of the year.

Analytical solution

Based on Figure MZ200-1, a First Law steady-state energy balance yields the following:

qA = qint – UA (TA – TB)

and

qB = qint + UA (TA – TB)

where:

qA ≡ cooling load in Zone A, Watts

qB ≡ cooling load in Zone B, Watts

qint ≡ internal gains in Zone A and Zone B, Watts

UA ≡ internal wall conductance = 1.6 W/m2K * 2.7 m * 8 m = 34.56 W/K

TA ≡ air temperature in Zone A, °C

TB ≡ air temperature in Zone B, °C

For: TA = 25°C, TB = 15°C, qint = 1000 W, implies

qA =   654.4 W  (2233 Btu/h)

qB = 1345.6 W  (4591 Btu/h).

Case MZ210: 2-Zone Steady-State Conduction with Interior Infrared Radiation Exchange

Objective

Test the effect of interior infrared radiation exchange on interzonal conduction. 

Method

This case is similar to MZ200, but isolates the effect of interior infrared radiation exchange by setting interior emittance to 0.9 for all interior surfaces.  Compare whole-building simulation results to each other.  Comparison of results for MZ210 versus MZ200 (MZ210-MZ200) checks the sensitivity to interior infrared radiation exchange.  

Specification

This case is exactly as MZ200 except for the following.

· Interior surface infrared emittance (ε) = 0.9.  This value applies to the both sides of the internal common wall, and also to the interior sides of the adiabatic walls.  If your software allows direct input of surface infrared emittance then ignore the following paragraph. 

If your software does not explicity model internal radiation exchange, radiation exchange may be approximated with a surface coefficient of 5.13 W/m2K (0.9035 Btu/hft2F).  (ANSI/ASHRAE 2001)   If a surface coefficient adjustment is applied for this purpose, then for the internal common wall radiative exchange and convection are occurring in parallel, so that the total combined convective/radiative surface heat transfer coefficient for the internal common wall is 9.13 W/m2K (1.608 Btu/hft2F).

Output requirements

· See Case MZ200

· Steady-state interior surface temperatures for floor, ceiling, north wall, east wall, west wall, and south wall in each zone; these are average temperatures over the area of the given surface.

Run the simulations for 1 year and submit values for the last hour of the year.

Case MZ300: 3-Zone Steady-State Analytical Verification Base Case 

Objective

Test the ability of whole-building energy simulation software to model steady-state interzonal conduction for three zones with: internal gains in all zones, temperature controlled in Zone A and Zone B, and temperature floating in Zone C.

Method

This case isolates multi-zone conduction by utilizing a 3-zone building with an adiabatic exterior shell and two thermally conductive internal dividing walls.  Cooling loads are generated with internal gains.  Interzonal heat transfer is driven by different temperature set points in Zone A and Zone B, and floating zone temperature in Zone C.  Additional simplifications include constant interior surface convective coefficients, and disabled radiation exchange (interior surface emittance [ε] = 0).  Because most whole-building simulation programs require weather data for generating results, dummy weather data (TMY2-format) is provided.  Compare whole-building simulation results to analytical solution. 
Specification

This case is exactly as MZ200 except for the following.

· Zone C is added per Figure MZ300-1.  
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Figure MZ300-1: Case MZ300 – Plan View

· Zone C  Details

· Internal gains (Zone C) = 864 W  (2948 Btu/h)

· Internal gains are 100% convective, 0% radiative

· Internal gains are 100% sensible, 0% latent

· These are internally generated sources of heat (from equipment, lighting, occupants, etc.) that are not related to operation of mechanical space cooling equipment

· Zone plan dimensions = 6 m (19.685 ft) by 8 m (26.247 ft), see Figure MZ300-1. 

· Zone height = 2.7 m (8.858 ft).

· Air volume = 129.6 m3 (4577 ft3)  

· Material properties and dimensions for both internal walls are the same as for Case MZ200, see Tables MZ200-1a and MZ200-1b

· All external surfaces of the zone including exterior walls, floor, and roof are adiabatic (thermal conductance = 0 W/m2K); if your software does not allow adiabatic surfaces, use the lowest thermal conductance your software allows (e.g. 0.000001 W/m2K)

· All external surfaces are massless; if your software does not allow massless surfaces, use the lowest density and/or thermal capacitance that your software allows (e.g. 0.000001 kg/m3 and/or J/kgK)

· There is no interior or exterior surface radiation exchange; one possible method to disable radiation exchange is to set interior and exterior solar absorptances and infrared emittances to 0, or as low as your software allows (e.g. 0.000001)
· No windows

· No infiltration or ventilation

· Convective Surface Coefficients

· Common wall interior convective surface coefficient = 4 W/m2K (0.7045 Btu/hft2°F), applied to both sides of both walls

· Adiabatic wall interior convective surface coefficients = 4 W/m2K (0.7045 Btu/hft2°F) 

· Exterior convective surface coefficients = 0 W/m2K, or as low as your software allows.

· There is no cooling or heating for Zone C; the Zone C temperature is allowed to float to equilibrium.

Output requirements

· Steady state cooling load in Zone A (qA), W or Wh/h

· Steady state cooling load in Zone B (qB), W or Wh/h

· Air temperature in Zone A (TA), °C  

· Air temperature in Zone C (TC), °C  

· Air temperature in Zone B (TB), °C  

Run the simulations for 1 year and submit values for the last hour of the year.

Analytical solution

For Case MZ300, a First Law steady-state energy balance yields the following:

qA = qint + UA (TC – TA)







[MZ300-1]

qB = qint + UA (TC – TB)







[MZ300-2]

qC = 0 = qintC – UA (TC – TA) – UA (TC – TB) 




[MZ300-3]

where:

qA ≡ cooling load in Zone A, Watts

qB ≡ cooling load in Zone B, Watts

qC ≡ cooling load in Zone C, Watts

qint ≡ internal gains in Zone A and Zone B, Watts

qintC ≡ internal gains in Zone C, Watts

UA ≡ internal wall conductance = 1.6 W/m2K * 2.7 m * 8 m = 34.56 W/K

TA ≡ air temperature in Zone A, °C

TB ≡ air temperature in Zone B, °C

TC ≡ air temperature in Zone C, °C

From Eqn. MZ320-3, TC = (qintC /UA + TA + TB)/2



[MZ300-3a]

For: TA = 25°C, TB = 15°C, qintC = 864 W, Equation MZ300-3a implies:

 TC = 32.5°C. 
From the remaining equations, and for qint = 1000 W:

qA = 1259.2 W  (4296 Btu/hft2F)

qB = 1604.8 W  (5475 Btu/hft2F).
Case MZ310: 3-Zone Steady-State Conduction with Interior Infrared Radiation Exchange

Objective

Test the effect of interior infrared radiation exchange on interzonal conduction with three zones and two common walls. 

Method

This case is similar to MZ300, but isolates the effect of interior infrared radiation exchange by setting interior emittance to 0.9 for all interior surfaces.  Compare whole-building simulation results to each other.  Comparison of results for MZ310 versus MZ300 (MZ310-MZ300) checks the sensitivity to interior infrared radiation exchange.  

Specification

This case is exactly as MZ300 except for the following.

· Interior surface infrared emittance (ε) = 0.9.  This value applies to the both sides of the internal common wall, and also to the interior sides of the adiabatic walls.  If your software allows direct input of surface infrared emittance then ignore the following paragraph. 

If your software does not explicity model internal radiation exchange, radiation exchange may be approximated with a surface coefficient of 5.13 W/m2K (0.9035 Btu/hft2F).  (ANSI/ASHRAE 2001)   If a surface coefficient adjustment is applied for this purpose, then for the internal common wall radiative exchange and convection are occurring in parallel, so that the total combined convective/radiative surface heat transfer coefficient for the internal common wall is 9.13 W/m2K (1.608 Btu/hft2F).

Output requirements

· See Case MZ300

· Steady-state interior surface temperatures for floor, ceiling, north wall, east wall, west wall, and south wall in each zone; these are average temperatures over the area of the given surface.

Run the simulations for 1 year and submit values for the last hour of the year.
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Appendix A

 set AppA "AppA" AppA.
 TMY2 File Format

This format information was taken from the TMY2 User’s Manual (Marion and Urban 1995), and can be found electronically at http://www.nrel.gov.

Data and Format

For each station, a TMY2 file contains 1 year of hourly solar radiation, illuminance, and meteorological data. The files consist of data for the typical calendar months during 1961-1990 that are concatenated to form the typical meteorological year for each station. 

Each hourly record in the file contains values for solar radiation, illuminance, and meteorological elements. A two-character source and uncertainty flag is attached to each data value to indicate whether the data value was measured, modeled, or missing, and to provide an estimate of the uncertainty of the data value. 

File Header

The first record of each file is the file header that describes the station.  The file header contains the WBAN number, city, state, time zone, latitude, longitude, and elevation. The field positions and definitions of these header elements are given in Table a.1, along with sample FORTRAN and C formats for reading the header.

Table A.1

 set TTMY2head " TTMY2head " TTMY2head .
TMY2 weather file header format 

	Field Position 
	Element 
	Definition 

	  002 - 006   
	  WBAN Number   
	Station's Weather Bureau Army Navy number  

	  008 - 029   
	  City   
	City where the station is located (maximum of 22 characters)   

	  031 - 032   
	  State   
	State where the station is located (abbreviated to two letters)   

	  034 - 036


	  Time Zone


	Time zone is the number of hours by which the local standard time is ahead of or behind Universal Time. For example, Mountain Standard Time is designated -7 because it is 7 hours behind Universal Time. 

	  038 - 044
  038
  040 - 041
  043 - 044   
	  Latitude


	Latitude of the station
N = North of equator
Degrees
Minutes 

	  046 - 053
  046
  048 - 050
  052 - 053
	  Longitude


	Longitude of the station
W = West, E = East
Degrees
Minutes 

	  056 - 059   
	  Elevation   
	 Elevation of station in meters above sea level 

	FORTRAN Sample Format:
  ( 1X,A5,1X,A22,1X,A2,1X I3,1X,Al,lX,I2,1X,I2,1X,Al,lX,I3,1X,I2,2X,I4 )
C Sample Format:
  ( %s %s %s %d %s %d %d %s %d %d %d )


Hourly Records

Following the file header, 8760 hourly data records provide 1 year of solar radiation, illuminance, and meteorological data, along with their source and uncertainty flags. Table a.2 provides field positions, element definitions, and sample FORTRAN and C formats for reading the hourly records. 

Each hourly record begins with the year (field positions 2-3) from which the typical month was chosen, followed by the month, day, and hour information in field positions 4-9. The times are in local standard time (previous TMYs based on SOLMET/ERSATZ data are in solar time). 

For solar radiation and illuminance elements, the data values represent the energy received during the 60 minutes preceding the hour indicated. For meteorological elements (with a few exceptions), observations or measurements were made at the hour indicated. A few of the meteorological elements had observations, measurements, or estimates made at daily, instead of hourly, intervals. Consequently, the data values for broadband aerosol optical depth, snow depth, and days since last snowfall represent the values available for the day indicated. 

Source and Uncertainty Flags

With the exception of extraterrestrial horizontal and extraterrestrial direct radiation, the two field positions immediately following the data value provide source and uncertainty flags both to indicate whether the data were measured, modeled, or missing, and to provide an estimate of the uncertainty of the data. Source and uncertainty flags for extraterrestrial horizontal and extraterrestrial direct radiation are not provided because these elements were calculated using equations considered to give exact values. 

For the most part, the source and uncertainty flags in the TMY2 data files are the same as the ones in NSRDB, from which the TMY2 files were derived. However, differences do exist for data that were missing in the NSRDB, but then filled while developing the TMY2 data sets. Uncertainty values apply to the data with respect to when the data were measured, and not as to how "typical" a particular hour is for a future month and day. More information on data filling and the assignment of source and uncertainty flags is found in the TMY2 User’s Manual (Marion and Urban 1995). 

Table A.2

 set TTMY2data " TTMY2data " TTMY2data .
TMY2 data records 

	Field 
Position 
	
Element 
	
Values 
	
Definition 

	  002 - 009 
  002 - 003 
  004 - 005 
  006 - 007 
  008 - 009 
	 Local Standard Time 
  Year 
  Month 
  Day 
  Hour 
	
    61 - 90 
    1 - 12 
    1 - 31 
    1 - 24 
	
  Year, 1961-1990 
  Month 
  Day of month 
  Hour of day in local standard time 

	  010 - 013


	  Extraterrestrial Horizontal 
  Radiation

	    0 - 1415


	  Amount of solar radiation in Wh/m2 
  received on a horizontal surface at the 
  top of the atmosphere during the 60 
  minutes preceding the hour indicated 

	  014 - 017



	  Extraterrestrial Direct 
  Normal Radiation


	    0 - 1415



	  Amount of solar radiation in Wh/m2 
  received on a surface normal to the 
  sun at the top of the atmosphere 
  during the 60 minutes preceding the 
  hour indicated 

	  018 - 023 
  018 - 021 
  022 
  023 
	  Global Horizontal Radiation 
  Data Value 
  Flag for Data Source 
  Flag for Data Uncertainty 
	
    0 - 1200 
    A - H, ? 
    0 - 9 
	  Total amount of direct and diffuse 
  solar radiation in Wh/m2 received on 
  a horizontal surface during the 60 
  minutes preceding the hour indicated 

	  024 - 029 
  024 - 027 
  028 
  029 
	  Direct Normal Radiation 
  Data Value 
  Flag for Data Source 
  Flag for Data Uncertainty 
	
    0 - 1100 
    A - H, ? 
    0 - 9 
	  Amount of solar radiation in Wh/m2 
  received within a 5.7° field of view 
  centered on the sun during the 60 
  minutes preceding the hour indicated 

	  030 - 035 
  030 - 033 
  034 
  035 
	  Diffuse Horizontal Radiation 
  Data Value 
  Flag for Data Source 
  Flag for Data Uncertainty 
	
    0 - 700 
    A - H, ? 
    0 - 9 
	  Amount of solar radiation in Wh/m2 
  received from the sky (excluding the 
  solar disk) on a horizontal surface 
  during the 60 minutes preceding the 
  hour indicated 

	  036 - 041 
  036 - 039 
  040 
  041 

	  Global Horiz. Illuminance 
  Data Value 
  Flag for Data Source 
  Flag for Data Uncertainty 

	
    0 - 1300 
    I, ? 
    0 - 9 

	  Average total amount of direct and 
  diffuse illuminance in hundreds of lux 
  received on a horizontal surface 
  during the 60 minutes preceding the 
  hour indicated 
  0 to 1300 = 0 to 130,000 lux 

	  042 - 047 
  042 - 045 
  046 
  047 

	  Direct Normal Illuminance 
  Data Value 
  Flag for Data Source 
  Flag for Data Uncertainty 

	
    0 - 1100 
    I, ? 
    0 - 9 

	  Average amount of direct normal 
  illuminance in hundreds of lux 
  received within a 5.7° field of view 
  centered on the sun during the 60 
  minutes preceding the hour indicated. 
  0 to 1100 = 0 to 110,000 lux 

	  048 - 053 
  048 - 051 
  052 
  053 

	  Diffuse Horiz. Illuminance 
  Data Value 
  Flag for Data Source 
  Flag for Data Uncertainty 

	
    0 - 800 
    I, ? 
    0 - 9 

	  Average amount of illuminance in 
  hundreds of lux received from the sky 
  (excluding the solar disk) on a 
  horizontal surface during the 60 
  minutes preceding the hour indicated. 
  0 to 800= 0 to 80,000 lux 

	Field 
Position 
	
Element 
	
Values 
	
Definition 

	  054 - 059 
  054 - 057 
  058 
  059 
	  Zenith Luminance 
  Data Value 
  Flag for Data Source 
  Flag for Data Uncertainty 
  
	
    0 - 7000 
    I, ? 
    0 - 9 
    
	  Average amount of luminance at the 
  sky's zenith in tens of Cd/m2 during 
  the 60 minutes preceding the hour 
  indicated. 
  0 to 7000 = 0 to 70,000 Cd/m2 

	  060 - 063 
  060 - 061 
  062 
  063 
	  Total Sky Cover 
  Data Value 
  Flag for Data Source 
  Flag for Data Uncertainty 
	
    0 - 10 
    A - F 
    0 - 9 
	  Amount of sky dome in tenths 
  covered by clouds or obscuring 
  phenomena at the hour indicated 

	  064 - 067 
  064 - 065 
  066 
  067 
	  Opaque Sky Cover 
  Data Value 
  Flag for Data Source 
  Flag for Data Uncertainty 
	
    0 - 10 
    A - F 
    0 - 9 
	  Amount of sky dome in tenths 
  covered by clouds or obscuring 
  phenomena that prevent observing the 
  sky or higher cloud layers at the hour 
  indicated 

	  068 - 073 
  068 - 071 
  072 
  073 
	  Dry Bulb Temperature 
  Data Value 
  Flag for Data Source 
  Flag for Data Uncertainty 
	
 -500 to 500 
    A - F 
    0 - 9 
	  Dry bulb temperature in tenths of °C 
  at the hour indicated 
  -500 to 500 = -50.0 to 50.0°C 

	  074 - 079 
  074 - 077 
  078 
  079 
	  Dew Point Temperature 
  Data Value 
  Flag for Data Source 
  Flag for Data Uncertainty 
	
 -600 to 300 
    A - F 
    0 - 9 
	  Dew point temperature in tenths of 
  °C at the hour indicated 
  -600 to 300 = -60.0 to 30.0°C 

	  080 - 084 
  080 - 082 
  083 
  084 
	  Relative Humidity 
  Data Value 
  Flag for Data Source 
  Flag for Data Uncertainty 
	
    0 - 100 
    A - F 
    0 - 9 
	  Relative humidity in percent at the 
  hour indicated 


	  085 - 090 
  085 - 088 
  089 
  090 
	  Atmospheric Pressure 
  Data Value 
  Flag for Data Source 
  Flag for Data Uncertainty 
	
    700 - 1100 
    A - F 
    0 - 9 
	  Atmospheric pressure at station in 
  millibars at the hour indicated 


	  091 - 095 
  091 - 093 
  094 
  095 
	  Wind Direction 
  Data Value 
  Flag for Data Source 
  Flag for Data Uncertainty 
	
    0 - 360 
    A - F 
    0 - 9 
	  Wind direction in degrees at the hour 
  indicated. ( N = 0 or 360, E = 90, 
  S = 180,W = 270 ). For calm winds, 
  wind direction equals zero. 

	  096 - 100 
  096 - 098 
  099 
  100 
	  Wind Speed 
  Data Value 
  Flag for Data Source 
  Flag for Data Uncertainty 
	
    0 - 400 
    A - F 
    0 - 9 
	  Wind speed in tenths of meters per 
  second at the hour indicated. 
  0 to 400 = 0 to 40.0 m/s 

	  101 - 106 
  101 - 104 
  105 
  106 
	  Visibility 
  Data Value 
  Flag for Data Source 
  Flag for Data Uncertainty 
	
    0 - 1609 
    A - F, ? 
    0 - 9 
	  Horizontal visibility in tenths of 
  kilometers at the hour indicated. 
  7777 = unlimited visibility 
  0 to 1609 = 0.0 to 160.9 km 
  9999 = missing data 

	  107 - 113 
  107 - 111 
  112 
  113 
	  Ceiling Height 
  Data Value 
  Flag for Data Source 
  Flag for Data Uncertainty 
	
    0 - 30450 
    A - F, ? 
    0 - 9 
	Ceiling height in meters at the hour indicated. 
  77777 = unlimited ceiling height 
  88888 = cirroform 
  99999 = missing data 

	Field 
Position 
	
Element 
	
Values 
	
Definition 

	  114 - 123 

	  Present Weather 

	    
	Present weather conditions denoted by a 10-digit number. See Appendix B in the User’s Manual  for key to present weather elements. 

	  124 - 128 
  124 - 126 
  127 
  128 
	  Precipitable Water 
  Data Value 
  Flag for Data Source 
  Flag for Data Uncertainty 
	
    0 - 100 
    A - F 
    0 - 9 
	  Precipitable water in millimeters at 
  the hour indicated 


	  129 - 133 
  129 - 131 
  132 
  133 
	  Aerosol Optical Depth 
  Data Value 
  Flag for Data Source 
  Flag for Data Uncertainty 
	
    0 - 240 
    A - F 
    0 - 9 
	  Broadband aerosol optical depth 
  (broad-band turbidity) in thousandths 
  on the day indicated. 
  0 to 240 = 0.0 to 0.240 

	  134 - 138 
  134 - 136 
  137 
  138 
	  Snow Depth 
  Data Value 
  Flag for Data Source 
  Flag for Data Uncertainty 
	
    0- 150 
    A - F, ? 
    0 - 9 
	  Snow depth in centimeters on the day 
  indicated. 
  999 = missing data 

	  139 - 142 
  139 - 140 
  141 
  142 
	  Days Since Last Snowfall 
  Data Value 
  Flag for Data Source 
  Flag for Data Uncertainty 
	
    0 - 88 
    A - F, ? 
    0 - 9 
	  Number of days since last snowfall. 
  88 = 88 or greater days 
  99 = missing data 

	FORTRAN Sample Format: 
   (lX, 4I2, 2I4, 7 (I4, Al, I1), 2( I2, Al, Il), 2 (I4, Al, Il), l(I3, Al, Il), 
    l ( I4, Al, Il), 2 (I3, Al, I1), l (I4, Al, Il), l (I5, Al, Il), l0Il, 3 (I3, Al, Il), 
    l (I2, Al, Il)) 

  C Sample Format: 
   (%2d%2d%2d%2d%4d%4d%4d%1s%1d%4d%1s%1d%4d%1s%1d%4d%1s%1d%4d%1s%1d%4d%1s 
    %1d%4d%1s%1d%2d%1s%1d2d%1s%1d%4d%1s%1d%4d%1s%1d%3d%1s%1d%4d%1s%1d%3d 
    %1s%1d%3d%1s%1d%4d%1s%ld%51d%1s%1d%1d%1d%1d%1d%1d%1d%1d%1d%1d%1d%3d%1s 
    %1d%3d%1s%1d%3d%1s%1d%2d%1s%1d) 

  Note: For ceiling height data, integer variable should accept data values as large as 99999.
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