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Abstract Kemp, WIlliam P.; Crookston, Nicholas L.; Thomas, Paul W. 1989. Users guide  
to the weather model: a component of the western spruce budworm modeling 
system. Gen. Tech. Rep. PNW-GTR-235. Portland, OR: U.S. Department of 

 Agriculture, Forest Service, Pacific Northwest Research Station. 25 p. 

A stochastic model useful in simulating daily maximum and minimum temperature 
and precipitation developed by Bruhn and others has been adapted for use in the 
western spruce budworm modeling system. This document describes how to use the
weather model and illustrates some aspects of its behavior.  

Keywords: Western spruce budworm, Choristoneura occidentalis, temperature, 
temperature simulation, stochastic weather model. 
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Introduction 

What Does the Weather 
Model Do? 

What Is the Budworm 
Modeling System? 

How To Use This Guide 

How To Use the 
Weather Model 

The Weather Model provides the daily maximum and minimum temperatures needed 
by the Budworm Model. The Budworm Model represents the population dynamics of 
budworms and the development of new foliage in the spring, partly as a function of 
daily temperature. Actually, in both models, daily temperatures are used to compute 
degree-days, which are cumulated throughout the growing season. The methods 
used to compute degree-days and an explanation of their role in the budworm and 
host-phenology components of the Budworm Model are explained by Sheehan and 
others (1987). 

The Weather Model is based on the model developed by Bruhn (1980) and Bruhn  
and others (1979). In fact, the model used here includes much of Bruhn's original 
computer program. We have changed the random-number generator to one of our 
own choosing, removed relative humidity and solar radiation calculations, and 
changed the technical details on how to use the model. These changes provide 
necessary additional control over the model and make its use conform to the 
command structure of the Prognosis Model. 

.

A model that describes the population dynamics of the western spruce budworm 
(Choristoneura occidentalis Freeman) provides forest managers and entomologists 
with a tool for assessing pest-related impacts. The model is called the Budworm 
Model and is a major component of the Budworm Modeling System. The Budworm 
Model structure and development is described by Sheehan and others (1987), and its 
use is described by Crookston and others (in preparation). 

Another component of the system is the Prognosis Model (Stage 1973, Wykoff and 
others 1982). The Prognosis Model is a distant-independent individual-tree stand-
growth model. The Prognosis Model is used to simulate growth of stands given 
various management plans or policies. The Budworm Model and the Prognosis  
Model are linked together through a set of linkage routines. This linkage translates 
statistics carried within the Prognosis Model into stand attributes used by the 
Budworm Model and translates estimated defoliation into reduced tree growth and 
increased tree mortality. 

This guide is intended for those working with the Budworm Model. Others may find it 
confusing because some terms and concepts used in the Budworm and Prognosis 
Models are used here without detailed explanation. 

First-time readers should scan the complete text once. Thereafter, Weather Model 
users should use the text as a reference guide. To aid in finding the keyword you 
need, appendix II lists the available keywords with a summary of the parameter fields 
and a page reference to the main text. 

The Weather Model is actually "used" directly by the Budworm Model. The Budworm 
Model will automatically call the Weather Model to estimate the appropriate tempera-
tures; however, the model will mimic the weather at McCall, Idaho, unless a different 
station is designated. The rest of this section describes how to control the model. 
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Keyword Structure 

Simulated Weather 
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The Weather Model is controlled by using a set of keywords formatted the same way 
as Prognosis Model and Budworm Model keywords are formatted. The keyword field 
is the first eight columns of the record; the keyword must be left-justified in this field. 
Seven numeric fields follow; each is 10 columns wide and the first one starts in col-
umn 11. Only numbers may be coded in numeric fields, or the fields may be left 
blank. Blank fields imply that the default value for this field is desired; you must enter 
zeros if you want them. Numeric data should be coded with a decimal and placed 
anywhere within the field; if the decimal is omitted, you must right-justify the number 
in the field. 

Sometimes more data are needed to implement an option than can be entered in 
seven fields; then, one or more supplemental data records are used. The formats of 
these differ; they will be described case by case. 
Weather Model keywords cannot be mixed in with Prognosis or Budworm Model 
keywords. You must first enter a WEATHER keyword to alert the Budworm Model that 
Weather Model keywords follow. The Budworm Model will then call the Weather 
Model so it can read its own keywords. Note that you cannot enter a WEATHER key-
word as a Prognosis Model keyword. You must first enter WSBW to call the Bud- 
worm Model. An END keyword signals that all Weather Model options have been 
entered and returns control to the Budworm Model. 

WEATHER 

END 

Signals that Weather Model keywords follow. 

Signals the end of Weather Model keywords and that Budworm 
Model keywords follow. 

To better understand how to use the Weather Model, you must understand the model
as developed by Bruhn and others (1979). Bruhn's model consists of two computer 
programs. The first is a parameter-estimation program used to develop a set of 
statistics or parameters to describe temperature and precipitation each month for a 
given string of weather data. The second computer program modified for this 
application is the weather simulator. It uses statistical procedures to estimate daily 
maximum and minimum temperatures and precipitation. Refer to Bruhn (1980) and 
Bruhn and others (1979) for further details. 

Selecting a weather station––The Weather Model stores four parameter data sets; 
anyone can be used to generate daily weather during a Budworm Model simulation. 
These parameter data sets were developed by using procedures outlined in Bruhn 
and others (1979) from historical data from the weather stations listed in table 1. 
(Other stations may be used as described below.) 



 

Table 1––Parameter sets are stored In the Weather 
Model for representative stations In Idaho, Montana, 
and Oregon 

a
 NOAA = National Oceanic and Atmospheric Administration. 

To select one of the four stations in table 1, use the USESTA keyword. Notice that 
the stations are selected by using internal station numbers. 

USESTA Field 1: 

Example 1: Changing the Weather Model Station Number 

Let us say that you want to run the Prognosis-Budworm Model on a stand near 
Baker, Oregon; here is a part of the necessary keyword file: 

The internal station number; default is 1, McCall, Idaho. 
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Lines 1 to 2: Enter the stand identification. 

Lines 3 to 4: Specify the inventory year and that the projection will last five cycles. 

Line 5: Signal that Budworm Model options follow. 

Line 6: CALLBW is a Budworm Model option that specifies that Budworm Model 
should be started in 1982. 

Line 7: Signal that Weather Model options follow. 

Line 8: Specify Weather Model internal station number 4 (Baker, Oregon) be used. 

Line 9: Signal the end of Weather Model keywords. 

Between lines 9 and 10, more Budworm Model options could be entered. 

Line 10: Signal the end of Budworm Model keywords. 

Line 11: Signal that all options have been entered and that the projection should start. 

Line 12: Stop the program. 

Lapse rates––The temperatures predicted for Baker, Oregon, and the temperatures 
for the stand (example 1) are probably different. Therefore, a lapse rate of 6.3 °C 
(11.3 of) per 1000 m in elevation (Barry 1981) is used on temperature data for each 
stand to adjust for temperature differences resulting from the change in elevation  
from weather station to the forest stand. 

The Weather Model does not allow more than one weather station to be used during 
a Budworm Model run. When several stands are being simulated in the Budworm 
Model, the lapse rate adjustment is made independently for each stand. No adjust-
ments are made to precipitation because these data are not used by the Budworm 
Model at this time. 

Using stations other than those contained in the Weather Model––Programming 
considerations prevented the storage of a large number of weather-station parameter 
data sets. We recognize that four stations do not offer the variations in weather that 
may be required. To alleviate this problem, 14 additional weather stations were 
selected (fig. 1), and parameter data sets were generated for each of these stations 
as described previously and by Bruhn and others (1979). The parameter data sets 
are listed in appendix I and are distributed in machine-readable form with the Bud-
worm Model source code. Contact your system support staff for help in accessing 
these files. Because of the complexity of the generation of and interpretation of para-
meters contained in appendix I, we refrain from detailed discussion of parameter sets 
here. Refer to Bruhn (1980) and Bruhn and others (1979) for further information. 
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Figure 1––Map of Weather Model stations available to users of the 
combined Budworm Prognosis Models. 

The parameter data sets may replace those already stored in the Weather Model by 
using the REDEFINE keyword. 

REDEFINE Redefine the parameter for a specific internal station number. 

Internal station number for which new parameters are 
being entered, default = 1. 

The data set reference number used to read the new 
parameter. If blank, the parameters follow in the 
keyword file. 

Starting month (1-12) for weather parameter redefini-
tion; default is 1 (January). 

Ending month for weather parameter redefinition; 
default is 12 (December). 

Field 4: 

When supplemental data records follow this keyword, their format is controlled by the 
parameter-generating program so you need not be concerned with it. 1 Simply include 
all the parameter data records for the station you have selected. 

1 The parameter-generating program requires a long (about 10 years) 
run of data with no missing observations. The program we used to 
generate the parameters can be obtained from the Forestry Sciences 
Laboratory, Moscow, Idaho 83843. 
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Field 1: 

Field 2: 

Field 3: 



 

Example 2: Entering a New Weather Station's Parameter File 
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Using Actual Weather 
Data 

Line 1: Signal that Weather Model keywords follow. 

Line 2: Signal that you are redefining the station elevation and identification for 
internal station 1. . 

Line 3: The new identification (co!. 1-40) and station elevation (cols. 41-50) are 
entered on a supplemental data record. 

Lines 4 to 39: Enter new monthly parameters on supplemental data records. 

Line 40: Signal the end of the Weather Model keywords. 

Rather than using the Weather Model to simulate weather, you can enter actual 
weather data from an external data file. These data are then used by the Budworm 
Model in the yearly simulations. This option is invoked by using the FIXWEATH 
keyword: 

FIXWEATH Data set reference number of file with weather data 
(no default). 

Field 1: 

Table 2 shows the format requirements of the data referenced in field 1 of the 
FIXWEATH keyword. Records for months with fewer than 31 days are simply trun-
cated. The sequence of five records (table 2) is repeated for each month of every 
year in the data string; for example, a 1 O-year weather string would have (5)(12)(10) 
= 600 records. All input data are assumed to be in of and lapse rates are not 
applied. If a data set is shorter than needed by the Budworm Model simulation, the 
Weather Model will substitute simulated weather by using the currently set internal 
station. The substitution starts as soon as the first incomplete year is detected. You 
may, therefore, have fixed weather data for a few years followed by simulated 
weather. 
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Table 2––Required formatting of the data file referenced in 
field 1 of FIXWEATH keyword 



 

Other Keywords 

 

How Well Does the 
Model Work? 

 

Several additional keywords may be used in the Weather Model: DEBUG, 
NODEBUG, RANNSEED, TESTGEN, DISPRMS, and INITPRMS. 

If you need to troubleshoot certain portions of the Weather Model system, you may 
use the DEBUG keyword. Enter a DEBUG keyword after a WEATHER keyword and 
before the END keyword. This option may be turned off by entering the NODEBUG 
keyword. The RANNSEED keyword can be used to change the random sequence of 
weather for a given station.  

RANNSEED Field 1: 

TESTGEN The Weather Model will generate and print weather when this 
keyword is entered. 

Field 1: 

Field 2: 

Field 3: 

Field 4: 

The DISPRMS keyword allows you to examine the parameters of any of the four 
weather stations stored internally in the Weather Model. The parameters are printed 
after the DISPRMS keyword in the keyword table. 

DISPRMS 

A complete description of the validation of the Weather Model is beyond the scope of 
this paper and has been reported elsewhere (Bruhn 1979, 1980; Bruhn and others 
1979). To give an illustration of how well the model works, we have provided com-
parisons between actual and simulated cumulative frequency distributions for daily 
maximum and minimum temperatures (°F) and precipitation (inches) for the four 
weather stations during a 5-year test (figs. 2-5). These results together with those 
reported previously (Bruhn 1980, Bruhn and others 1979) indicate that simulated 
weather data agree favorably with actual weather data in mean response,  
dispersion, and sequential pattern of daily events. 
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The new random number seed used by the Weather 
Model's random number generator (default = 55329). 

The internal station number, default is 1. 

The first month you want the simulated weather 
generated, default is 3. 

The last month you want the weather simulated, 
default is 10. 

The year associated with the first month, default is 1. 
The year is useful if you want your output correctly 
labeled as to the year and in computing leap years. 

Internal station number (default = 1). Field 1: 



 

Figure 2––Comparison of simulated vs. actual temperature (°F) and 
precipitation (inches) data for a 5-year test period, McCall, Idaho. 

Figure 3––Comparison of simulated vs. actual temperature (oF) and 
precipitation (inches) data for a 5-year test period, Priest River 
Experiment Station, Idaho. 

Figure 4––Comparison of simulated vs. actual temperature (oF) and 
precipitation data (inches) for a 5-year test period, Kalispell, Montana. 

Figure 5––Comparison of simulated vs. actual temperature (oF) and 
precipitation (inches) data for a 5-year test period, Baker, Oregon. 
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STATION NAME: GRANGEVILLE, IDAHO 
STATION NUMBER: 103771 
STATION ELEVATION: 1,021 METERS. 
START OF SAMPLE INTERVAL: JANUARY 1, 1933.  
END OF SAMPLE INTERVAL: DECEMBER 31, 1949. 
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STATION NAME : SANDPOINT EXPERIMENTAL STATION, IDAHO 
STATION NUMBER: 108137 
STATION ELEVATION: 644 METERS. 
START OF SAMPLE INTERVAL: JANUARY 1, 1948. 
END OF SAMPLE INTERVAL: DECEMBER 31, 1977. 
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STATION NAME: BUTTE, MONTANA 
STATION NUMBER: 241318 
STATION ELEVATION: 1,684 METERS. 
START OF SAMPLE INTERVAL: JANUARY 1, 1964.  
END OF SAMPLE INTERVAL: DECEMBER 31, 1975. 
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STATION NAME: DILLON, MONTANA 
STATION NUMBER: 242404 
STATION ELEVATION: 1,586 METERS. 
START OF SAMPLE INTERVAL: JANUARY 1, 1959. 
END OF SAMPLE INTERVAL: DECEMBER 31, 1972. 
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STATION NAME: HAMILTON, MONTANA 
STATION NUMBER: 243885 
STATION ELEVATION: 1,073 METERS. 
START OF SAMPLE INTERVAL: JANUARY 1, 1960.  
END OF SAMPLE INTERVAL: DECEMBER 31, 1975. 
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STATION NAME: HELENA, MONTANA 
STATION NUMBER: 244055 
STATION ELEVATION: 1,183 METERS. 
START OF SAMPLE INTERVAL: JANUARY 1, 1958.  
END OF SAMPLE INTERVAL: DECEMBER 31, 1975. 



 

STATION NAME : MISSOULA, MONTANA 
STATION NUMBER: 245741 
STATION ELEVATION: 970 METERS. 
START OF SAMPLE INTERVAL: JANUARY 1, 1953.  
END OF SAMPLE INTERVAL: DECEMBER 31, 1975. 

18 



 

STATION NAME: BEND, OREGON 
STATION NUMBER: 350694 
STATION ELEVATION: 1,110 METERS. 
START OF SAMPLE INTERVAL : JANUARY 1, 1964.  
END OF SAMPLE INTERVAL: DECEMBER 31, 1975. 
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STATION NAME: LEABURG, OREGON 
STATION NUMBER: 354811 
STATION ELEVATION: 705 METERS. 
START OF SAMPLE INTERVAL: JANUARY 1, 1966.  
END OF SAMPLE INTERVAL : DECEMBER 31, 1975. 
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STATION NAME : APPLETON, WASHINGTON 
STATION NUMBER: 450217 
STATION ELEVATION: 710 METERS. 
START OF SAMPLE INTERVAL: JANUARY 1, 1962.  
END OF SAMPLE INTERVAL: DECEMBER 31, 1973. 
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STATION NAME: CONCRETE, WASHINGTON 
STATION NUMBER: 451679 
STATION ELEVATION: 59 METERS. 
START OF SAMPLE INTERVAL: JANUARY 1, 1966.  
END OF SAMPLE INTERVAL: DECEMBER 31, 1975. 
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STATION NAME: REPUBLIC, WASHINGTON 
STATION NUMBER: 456974 
STATION ELEVATION: 2,610 METERS. 
START OF SAMPLE INTERVAL: JANUARY 1, 1962. 
END OF SAMPLE INTERVAL: DECEMBER 31, 1972. 
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Summary of keywords (listed alphabetically): 

  Page 

Keyword Description reference 

DEBUG Debug output is printed. NODEBUG stops this output. 8 

DISPRMS Display parameters for an internal station. 
Field 1: Internal station number (default = 1).  8 

END End of Weather Model keywords. 2 

FIXWEATH Read fixed weather file. 
Field 1: Data set reference number (no default). 
 

 
7 

RANNSEED Enter new random number generator seed in field 1, 
Default = 55329. 
 

8 

REDEFINE Read a parameter file for a weather station. 
Field 1: Internal station number, default = 1. 
Field 2: Data set reference number, default = keyword file. 
Field 3: First month, default = 1.  
Field 4: Last month, default – 12.  
 

5 

TESTGEN Generate weather for a specified period. 
Field 1: Internal station number. 
Field 2: First month, default is 3. 
Field 3: Last month, default is 10. 
Field 4: Year associated with the first month, default is 1. 

8 

USESTA Specify the internal station number in field 1, default is 1. 3 

WEATHER Signal Weather Model keywords follow. 2 

     



 

The source code for the Weather Model and machine-readable copies of the 
parameter files can be obtained by writing to anyone of the following: 

Nicholas L. Crookston 
Intermountain Forest and Range Experiement Station 
Forestry Sciences Laboratory 
1221 South Main 
Moscow, 10 83843 (208) 882-3557 

J.J. Colbert 
Northeastern Forest Experiment Station 
Forestry Sciences Laboratory 
180 Canfield Street 
Morgantown, WV 26505 (304) 291-4613 

Forest Pest Management 
Methods Application Group 
3825 East Mulberry, Rm. 228 
Fort Collins, CO 80528 (303) 224-1785 
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A stochastic model useful in simulating daily maximum and minimum 
temperature and precipitation developed by Bruhn and others has been 
adapted for use in the western spruce budworm modeling system. This 
document describes how to use the weather model and illustrates some 
aspects of its behavior. 

Keywords: Western spruce budworm, Choristoneura occidentalis, 
temperature, temperature simulation, stochastic weather model. 
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The U.S. Department of Agriculture is an Equal 
Opportunity Employer. Applicants for all Department
programs will be given equal consideration without 
regard to age, race, color, sex, religion, or national 
origin. 

Pacific Northwest Research Station 
319 S.W. Pine St. 
P.O. Box 3890 
Portland, Oregon 97208 

GPO 691-133/82059 



 

U.S. Department of Agriculture 
Pacific Northwest Research Station 
319 S.W. Pine Street 
P.O. Box 3890 
Portland, Oregon 97208 

 BULK RATE 
 POSTAGE + 
 FEES PAID 
 USDA-FS 
PERMIT No. G-40 

Official Business 
Penalty for Private Use, $300 

do NOT detach label 


	Authors
	Abstract
	Contents
	Introduction
	What Does the Weather Model Do?
	What Is the Budworm Modeling System
	How To Use This Guide

	How To Use the Weather Model
	Keyword Structure
	Simulated Weather
	Using Actual Weather Data
	Other Keywords

	How Well Does the Model Work?
	Acknowledgments
	References
	Appendix I
	Additional Weather Station Parameter Files

	Appendix II
	Keyword Summary




