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1 Weather File Formats

A SAM weather file is a text file that contains data describing the solar, wind, or marine energy resource at
a particular location for a period of one year. SAM uses the following weather file formats:

· SAM CSV format for solar resource data

· SRW format for wind resource data

· CSV format for marine energy resource data

For a description of how the different performance models use weather data, see Weather Data Elements. 

You can use a spreadsheet program, text editor, or other software to create your own SAM weather file
using data from a resource measurement program, meteorological stations, or other sources.

Other Weather File Formats

SAM can read solar resource data from files in the TMY3 and TMY2 legacy formats from the NREL National
Solar Radiation Database (NSRDB). These older formats are from datasets that have been replaced by the
latest NSRDB PSM datasets. SAM can also read weather files in the EPW format developed for the Energy
Plus software.

Note. You can use SAM's Weather File Converter macro to convert from these and other weather file
formats including PVsyst CSV, PVGIS 5 CSV, and SolarAnywhere to the SAM CSV format.

· The TMY3 file format is a comma-delimited text format with the extension .csv developed for the
NSRDB 1991-2005 dataset. The first row of a TMY3 file stores data describing the location's name,
and the geographic coordinates, time zone, and elevation above sea level data required for sun
angle calculations. The second row stores the column headings showing units for each data
element. Rows 3-8762 store weather data elements used by SAM's performance models. Many of
the data elements are not used by the SAM performance models. Note. Opening and saving a
TMY3 file in Excel can cause formatting changes that renders the file unreadable by SAM's weather
file reader. Use SAM's time series data viewer to explore the data without modifying it, or to export
it to CSV or Excel files. For a complete description of the TMY3 file format, see the TMY3 user's
manual (PDF 1.7 MB).

· The TMY2 file format is a text format with the extension .tm2 developed for the NSRDB 1961-1990
dataset. The TMY2 format is not delimited, which makes the data in the text file difficult to read.
You can use SAM's time series  data viewer to examine and export the data in a TMY2 file. For a
description of the format see the TMY2 user's manual.

· The EPW file format was developed for the U.S. Department of Energy's EnergyPlus building
simulation model. EPW files store comma-delimited data, and use the extension .epw. The first
eight rows of a file in EPW format stores header data. SAM's performance models use only the
latitude, longitude, elevation, and time zone data from the header to calculate solar angles. The
remaining 8,760 rows store weather data used by the SAM performance models and other data
describing the quality of the data that SAM ignores. For more details about the EPW format see the
Weather Data Format Definition page.

https://nsrdb.nrel.gov/data-sets/archives.html
http://www.nrel.gov/docs/fy07osti/41364.pdf
https://nsrdb.nrel.gov/data-sets/archives.html
https://www.osti.gov/biblio/87130
https://bigladdersoftware.com/epx/docs/8-2/auxiliary-programs/epw-csv-format-inout.html
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1.1 SAM CSV Format for Solar
The SAM CSV format is a comma-separated text format for SAM's solar performance models. It uses a
standard CSV format that you can edit in any spreadsheet program, text editor, or other appropriate
software.

For examples of files in the SAM CSV format, see files in the solar_resource folder of your SAM installation
folder.

The SAM CSV format supports hourly and sub-hourly data with up to a one-minute resolution. SAM
recognizes the weather file's time resolution based on the number of data rows in the weather file. For
example, SAM recognizes a file with 8,670 data rows as an hourly data file, and a file with 35,040 rows as
15-minute data. A minute column is optional for hourly data, and required for sub-hourly data. By default, for
hourly data SAM calculates sun position angles at the mid-point of the hour. However, if you specify the
optional minute column for the hourly data, SAM calculates the sun position at the minute indicated in that
column. For sub-hourly data, sun angles are calculated for the minute indicated in the Minute column. See
Time Convention and Sun Position for additional details.

SAM requires a valid value for all time steps for each data element. It does not fill data gaps. It does perform
some checks on the weather data before running a simulation, and displays messages about problems with
the data in the simulation notices. You can also run the Solar Resource File Checker macro to perform
the checks without running a simulation.

Header

The header rows provide location information and metadata, and identify the data columns.

Row 1
Row 1 contains labels for the location data and metadata, and must include at least the following, which
may be in any order and with any capitalization:

· Latitude
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· Longitude

· Time zone

· Elevation

The optional Units flag indicates that your weather file includes an extra header row for measurement
units. By default, the SAM CSV format does not include a row for measurement units in the header. To
include a units row in the header, add hasunits to Row 1, and set its value in Row 2 to yes. Then add a
row after the data column heading row (described as Row 3 below) with units for each column. If
hasunits is no, or is omitted from Row 1, SAM assumes that the header does not include a row for
units. SAM ignores the information in the units row, but it can be useful to help you keep track of units.

For example, a valid Row 1 might look like this:

Source,Location ID,City,State,Region,Country,Latitude,Longitude,Time Zone,Elevation

See the table below for a complete list of Row 1 header fields, accepted labels, and and units. 

Row 2
Row 2 contains values for the location data and metadata identified by the labels in Row 1. The required
latitude, longitude, time zone, and elevation are numbers that SAM uses in sun position calculations
during simulations:

· Latitude is a value between -90.0 and 90.0 decimal degrees north of the equator, e.g., 39.75 for
Denver, and -33.95 for Sydney, Australia.

· Longitude is a value between -180.0 and 180.0 decimal degrees East of the prime meridian, e.g., -
104.95 for Denver, and 116.28 for Beijing, China.

· Time zone is for standard time in hours ahead of GMT, e.g., -7 for Denver, and 5.5 for India.

· Elevation is in meters above sea level, e.g., 1615 for Denver.

 For example, given the Row 1 example above, Row 2 for Phoenix, Arizona might look like this:

TMY2,23183,Phoenix,AZ,USA,33.433333,-112.016667,-7,339

The remaining header fields, such as source, location ID, city, state, and others listed in the table below
are text values (strings) that provide information about the data, but that SAM does not use in
calculations. These values are not required for SAM simulations, and can be omitted from the weather
file. 
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Header Field Units Accepted Labels for Row 1

Latitude degrees latitude, lat

Longitude degrees longitude, lon, long ,lng

Time zone hours offset from GMT tz, timezone, time zone

Site elevation meters above sea level el, elev, elevation, site elevation

Year n/a year

Location ID n/a id ,location, location id,
station,station id, wban, wban#

City n/a city

State n/a state, province, region

Country n/a country

Source n/a source, src

Description n/a description, desc

URL n/a url

Units flag yes or no hasunits, units

Solar Resource Data

Row 3
Labels identifying the data columns. SAM uses the labels to identify the columns, so they can be in
any order. SAM requires a complete column of data for each data element. The Minute column is
optional for hourly data. 

For example, a valid Row 3 might look like this:

Year,Month,Day,Hour,Minute,GHI,DNI,DHI,Tdry,Tdew,RH,Pres,Wspd,Wdir,Snow Depth

See the table below for a complete list of valid Row 3 header values and units. See the description of the
Units flag above if you want to include an additional row for units in your file.

Row 4-8,760 (for hourly data, more rows for sub-hourly data)
Data identified in Row 3. For example:

1988,1,1,0,0,0,0,5.6,-3.3,53,983,2.1,200,0

SAM assumes that the weather data uses the following units:

Note. The format does not require leading zeros in one-digit numbers.

· Year is a four-digit number (1988)

· Month is a one- or two-digit number (Month = 1 is January)

· Day is a one- or two-digit number indicating the day of month (Day = 1 is the first day of the month).

· Hour is a one- or two-digit number indicating the hour of day (Hour = 0 is the first hour of the day, or
the hour ending at 1 am).
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· Minute is a one-or two-digit number indicating the minute (Minute = 0 is the first minute of the hour).
This value is required for sub-hourly data, and optional for hourly data. For hourly data, the minute
column indicates the time you want SAM to use for sun position calculations. If you omit the value
for hourly data, SAM uses the midpoint of the hour for the calculations. See Time Convention and
Sun Position for details.

· Solar irradiance in W/m2. SAM's photovoltaic models assume instantaneous irradiance. The CSP
models assume average irradiance over the time step.

· Temperature in °C.

· Relative humidity in %.

· Atmospheric pressure in millibar.

· Wind speed at 10 meters above the ground in m/s.

· Wind direction at 10 meters above the ground in degrees east of North, with zero degrees indicating
wind from the north.

· Snow depth in centimeters.
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Data Field Units Accepted Labels for Row 3

Year 1950-2050 year, yr

Month 1-12 month, mo

Day 1-31 day

Hour 0-23 hour, hr

Minute 0-59 min, minute

Global horizontal irradiance W/m² gh, ghi, global, global horizontal,
global horizontal irradiance

Beam normal irradiance W/m² dn, dni, beam, direct normal,
direct normal irradiance

Diffuse horizontal irradiance W/m² df, dhi, diffuse, diffuse horizontal,
diffuse horizontal irradiance

Plane-of-array irradiance W/m² poa, pa, plane,plane of
array,plane of array irradiance

Ambient dry bulb temperature °C tdry, dry bulb, dry bulb temp,
temperature, ambient, ambient
temp

Wet bulb temperature °C twet, wet bulb, wet bulb
temperature

Dew point temperature °C Tdew ,dew point, dew point
temperature

Wind speed m/s wspd, wind speed

Wind direction degrees wdir, wind direction

Relative humidity % rh, rhum, relative humidity,
humidity

Atmospheric pressure Millibar pres, pressure

Snow depth cm snow, snow cover, snow depth

Ground reflectance (albedo) 0..1 albedo, alb, surface albedo

Aerosol optical depth 0..1 aod, aerosol, aerosol optical
depth
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1.2 SRW Format for Wind
The SRW format is a comma-delimited text format with the extension .srw for the wind power performance
model. 

The format allows you to use wind resource data at one or more heights above the ground, and is designed
to be flexible enough to handle a range of data.

· The file stores four data types: wind speed, wind direction, air temperature, and atmospheric
pressure.

· The data can be for one measurement height or multiple heights. The measurement heights can be
different for the different types of data. The file can contain air temperature, atmospheric pressure,
and wind direction data at one height, and wind speed data at multiple heights.

· The file must contain a least one complete set of the four data types.

· The file stores data for a single year.

· Time steps can be hourly or subhourly. SAM determines the simulation time step from the number
of resource data rows in the weather file. The number of data rows must be an integer multiple of
8760 hours/year.

· The direction measurement height must be within 10 meters of the nearest wind speed
measurement height.

· For the file to work with a SAM Wind Power model simulation, the file must contain a wind speed
measurement height within 35 meters of the turbine hub height.

· The file does not contain time zone information. The NREL WIND Toolkit data assumes data time
steps are in UTC, where Row 1 is the hour ending at 1 a.m.

Header Rows 1 and 2
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The first two rows of the file store information about the location, and descriptive text that you can use for
any purpose. SAM displays some of this information in the fields on the Wind Resource page, but does not
use any of this information in simulation calculations.

Row 1

<location id>,<city>,<state>,<country>,<year>,<latitude>,<longitude>,<elevation>

Row 1 must have at least 8 columns. You must provide a value for each column: If you do not have a
value for a column, you can use an indicator like n/a or ?? for the missing value.

SAM displays the eight location-related values on the Wind Resource page, but does not use these
values in calculations.

SAM ignores the extra commas at the end of the row that your spreadsheet software may insert.

Notes. 

SAM uses the air temperature and atmospheric pressure data for each time step to adjust the turbine
power curve. It does not use the elevation above sea level for this purpose.

SAM reads the first 8 columns and ignores any additional columns. For example, it ignores the time
zone in Column 9 and number of data rows in Column 10.

Row 2

<data source>

One line of descriptive text that SAM displays on the Wind Resource page. You may leave this line
blank.

SAM ignores the extra commas at the end of the row that your spreadsheet software may insert.

Header Rows 3 - 5

Rows 3 and 4 tell SAM what data each column contains. SAM determines the type of data for each column
based on the information in Rows 3 and 4. Rows 3 and 4 must have the same number of columns as the
resource data rows.

Row 3

The label for each data column. Row 3 must contain at least one column for wind speed, wind direction,
ambient temperature, and atmospheric pressure. For a weather file with data at more than one height
above the ground, Row 3 must contain a set of columns for each height.

Acceptable labels are not case sensitive:

· temperature or temp

· pressure or pres

· speed or velocity

· direction or dir

The columns do not have to be in any particular order, and can be in a different order for each hub
height.
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Row 4

Measurement units for the resource data in each column corresponding to the resource data type in
Row 3. Each column in Row 4 must contain a text value describing the measurement units. SAM
displays this text in graphs and tables. For example: atm, m/s, degrees, Celsius, etc.

Note. SAM assumes that the resource data are in the units described below regardless of the values
you specify in Row 4.

Row 5

Measurement height above the ground in meters for the resource data for each column defined in Row 3.
Each column in Row 5 must contain an integer or decimal value.

Resource Data Rows 6 and Higher

The resource data rows store the wind speed, wind direction, ambient temperature, and atmospheric
pressure values.

Row 6 should contain data for the hour ending at 1 am on January 1. (For time-dependent pricing
calculations, SAM's financial models assume that January 1 is a Monday.)

The resource data rows store integers or decimal values with the following units:

· Wind speed in meters per second (m/s).

· Wind direction in degrees east of north (degrees), with zero degrees indicating wind from the north,
and 90 degrees indicating wind from the east.

· Atmospheric pressure in in atmospheres.

· Ambient temperature in degrees Celsius.

1.3 CSV Format for Marine Energy
SAM's marine wave energy resource file format is a comma-separated (CSV) text format.
The wave energy resource file stores data for joint probability distribution plots of the wave resource at a site
as described in Dallman, A.; Neary, V. (2014) Characterization of U.S. Wave Energy Converter (WEC) Test
Sites: A Catalogue of Met-Ocean Data. 125 pp.; SAND2014-18206. Sandia National Laboratories. (PDF 8
MB)

https://prod-ng.sandia.gov/techlib-noauth/access-control.cgi/2014/1418206.pdf
https://prod-ng.sandia.gov/techlib-noauth/access-control.cgi/2014/1418206.pdf
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For examples of files in the CSV wave energy resource format, see files in the wave_resource folder of your
SAM installation folder.

The file contains the wave resource matrix, which is a table of joint probability distributions of significant
wave height and wave energy period.

Row 1

The first column of Row 1 contains the header Hs/Te, and the remaining columns contain wave energy
period values in seconds in increasing order. This example is for 21 samples ranging from 0s to 21s in
bins at the 0.5s mark:

Hs/Te,0.5,1.5,2.5,3.5,4.5,5.5,6.5,7.5,8.5,9.5,10.5,11.5,12.5,13.5,14.5,15.5,16.5,17.5,18.5,19.5,20.5

Rows 2 and higher

The first column of Rows 2 and higher contains the significant wave height in meters in increasing order.
The remaining columns contain the joint probability distribution (JPD) of sea states representing a
frequency of occurrence as a percentage. For example, Rows 4 and higher for a range of 20 wave
heights from 0.25 m to 9.75 m would be:

0.25,0,0,0,0,0.11,0.18,0.12,0.09,0.11,0.05,0.07,0.06,0.07,0.07,0.02,0.02,0.01,0,0,0,0

0.75,0,0,0,0,0.04,0.16,0.13,0.05,0.12,0.1,0.07,0.15,0.17,0.08,0.03,0.02,0,0,0,0,0

1.25,0,0,0,0,0.15,0.26,0.26,0.93,1.26,1.24,1.05,1.32,1.51,0.91,0.73,0.27,0.2,0.06,0.03,0,0

1.75,0,0,0,0,0.11,1.16,1.42,2.4,3.5,3.63,2.55,2.19,2.8,1.93,1.63,0.7,0.45,0.21,0.11,0.01,0

2.25,0,0,0,0,0,0.38,2.21,2.59,2.79,3.33,3.84,3.3,2.29,1.34,1.1,0.61,0.4,0.18,0.09,0.02,0

2.75,0,0,0,0,0,0,0.43,1.78,1.84,1.76,2.84,3.01,2.37,1.28,0.76,0.33,0.27,0.09,0.05,0.02,0

3.25,0,0,0,0,0,0,0.03,0.37,0.86,0.76,1.29,2.55,2.37,1.09,0.75,0.28,0.15,0.06,0.03,0,0

3.75,0,0,0,0,0,0,0,0.05,0.25,0.34,0.4,1.1,1.41,0.9,0.54,0.17,0.1,0.03,0,0,0

4.25,0,0,0,0,0,0,0,0,0.04,0.2,0.13,0.3,0.92,0.46,0.45,0.19,0.06,0.01,0,0,0
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4.75,0,0,0,0,0,0,0,0,0.01,0.05,0.06,0.13,0.53,0.33,0.23,0.09,0.02,0.01,0,0,0

5.25,0,0,0,0,0,0,0,0,0,0.02,0,0.04,0.17,0.18,0.11,0.03,0.01,0,0,0,0

5.75,0,0,0,0,0,0,0,0,0,0,0.01,0.02,0.08,0.14,0.07,0.03,0.01,0,0,0,0

6.25,0,0,0,0,0,0,0,0,0,0,0,0,0.02,0.12,0.05,0.03,0.01,0,0,0,0

6.75,0,0,0,0,0,0,0,0,0,0,0,0.01,0.01,0.06,0.04,0.01,0,0,0,0,0

7.25,0,0,0,0,0,0,0,0,0,0,0,0,0,0.01,0.03,0,0,0,0,0,0

7.75,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

8.25,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

8.75,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

9.25,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

9.75,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

Special Format for Wave Energy Resource Library Files

If you want to add a file to the wave energy resource library so you can choose it from the library list on the
Wave Resource page instead of checking Choose wave energy resource file, you must create a special
library version of the file that includes two additional header rows with 13 columns each and put it in the
wave_resource library folder of your SAM installation folder. These extra rows provide location information
and metadata that SAM uses to display for reference on the Wave Resource page, but does not use for the
performance simulation.

Notes. 

You only need the optional header rows if you are making a special file for the wave energy resource
library.

For information about where to store your wave energy resource files, see Managing Wave Resource
Files.

Row 1 for special library file

Row contains labels for the 13 required metadata variables. Row 1 must contain the following text, with
column names in the following order:

Name,City,State,Country,Latitude,Longitude,Nearby Buoy Number,Average Power Flux
(kW/m),Bathymetry,Sea Bed,Time Zone,Data Source,Notes

Row 2 for special library file 

Row 2 contains values for the metadata identified by the labels in Row 1. The file must contain values for
this metadata for SAM's file reader to work correctly. 

To ensure SAM can read the data correctly, do not enclose values in quotation marks.

Row 3 for special library file

Same as row 1 described above.

Rows 4 and higher for special library file

Same as rows 2 and higher described above.
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Header Label Description

Name Name of wave resource site

City Name of city onshore nearest the site

State State name or abbreviation

Country Country name

Latitude Latitude, for example 35.4 N, 25.6 S

Longitude Longitude, for example 120.689 W, 64.3 E

Nearby Buoy Number Identification number for nearest marine observation
buoy

Average Power Flux (kW/m) The average annual power flux measured at the site

Bathymetry The submarine topography at the site

Sea Bed The soil composition of the sea bed

Time Zone The time zone of the site, for example -7, 2

Data Source The source of wave resource data

Notes Additional information about the data
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