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Abstract

We compared long-term historical and stochastically generated
weather records in terms of their statistical attributes and effects on
herbage yield and runoff forecasts calculated from model simula-
tions. The historical and synthetic air temperature and solar radia-
tion records were in good agreement in terms of monthly means
and extremes. The svnthetic nrecinitation record failed to simulate
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extreme precipitation events which significantly reduced fore-
casted runoff values. Yield forecasts were similar using either
historical or synthetic weather records.
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chastic weather generation, yield forecast, hydrology model

Rangeland simulation models such as SPUR (Simulation of
Production and Utilization of Rangelands) (Wight and Skiles
1987) and ERHYM (Ekalaka Rangeland Hydrology and Yield
Model (Wight and Neff 1983, Wight 1987) have been developed as
tools for both research and management. As management tools,
they can be used to predict hydrologic, plant, animal, and/or
economic responses to environmental changes and management
inputs. Long-term simulations provide a means for making man-
agement decisions by evaluating and comparing management
options in terms of their impact on livestock production and site
stability. Through stochastic processes, model outputs can be
bracketed within levels of probability of occurrence (Wight et al.
1984).

A major limitation to the application of natural resource simula-
tion models is the lack of long-term weather records, especially for
remote areas. To overcome this limitation, stochastic procedures
like those described by Larsen and Pense (1981), Nicks and Harp
(1980), Richard (1981), and Richardson and Wright (1984)
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have been used to generate daily weather records that are statisti-
cally comparable to historical records for the same location. Model
simulations using synthetic weather records have been used suc-
cessfully to develop crop yield forecasts (Arkin et al. 1980,
Richardson 1985).

The purpose of this paper is to compare a long-term historical
weather record with 2 synthetic weather records in terms of their
statistical attributes and their effect on herbage yield and runoff
forecasts calculated from rangeland model simulations.

Material and Methods

Tha histaricalweathar racard neaed in thic ctundvic fram Mandan
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N.Dak. It includes 71 years (1914-1984) of daily precipitation and
maximum and minimum air temperatures. Solar radiation data
were available for only 1954 through 1984. Thus it was necessary to
use synthetic solar radiation data with the historical precipitation
and temperature weather record. Previous work has shown that
outputs from the rangeland model used in this study are little
affected by use of synthetic solar radiation values (Wight and Neff
1983, Wight 1987). The 31 years of historical solar radiation data
were used to calculate the parameters used to generate the 71-year
record.

The historical record is representative of the Northern Great
Plains. The climate is semiarid with long cold winters, hot
summers, and an erratic precipitation pattern. The native vegeta-
tion is classified as mixed prairie (Weaver and Clements 1938) with
blue grama (Bouteloua gracilis), western wheatgrass (Agropyron
smithii), thread leaf sedge (Carex filifolia), and needle and thread
(Stipa comata) as the dominate species (Rogler 1951).

Synthetic Weather Record

Synthetic weather records were generated with the climate
generator model CLIMGN described by Richardson et al. (1987).
CLIMGN is based on procedures developed by Richardson (1981)
and a computer program described by Richardson and Wright
(1984). A first-order Markov chain is used to generate the occur-
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rence of wet or dry days. For wet days, the two-parameter gamma
distribution is used to generate precipitation amounts. Air temper-
atures and solar radiation generation are based on the weakly
stationary generating process described by Matalas (1967) and are
conditioned by the occurrence of wet and dry days. In this study,
CLIMGN was modified to use monthly means with standard
deviations rather than coefficients of variation for generating daily
maximum and minimum temperatures because during winter
months, some of the means become very close to zero which result
in unrealistic coefficient of variation values.

We generated two 71-year synthetic records for comparison with
the historical record (HISWR). One synthetic record (TSGEN)
was composed of historical precipitation data and generated max-
imum and minimum air temperatures and solar radiation. In the
other synthetic record (ALLGEN)), precipitation, air temperatures
and solar radiation were generated. In TSGEN, the generation of
air temperatures and solar radiation were conditioned on the
occurrence of wet and dry days in HISWR. Precipitation and
average temperature means for the historical and synthetic records
were compared using a f-test.

Parameters for the CLIMGN model were calculated from the
last 20 years of HISWR using the GENPAR program as described
by Skiles et al. (1987). In this study, the last 20-year period of
HISWR was considered as a short-term record from which a
long-term synthetic record could be generated. If a short-term
record is not available for the location of interest, published
parameter values are available (Richardson et al. 1987). These
parameters, however, were developed from weather records of
representative cities throughout the United States and may not be
adequate for all locations because of elevation or other local condi-
tions. When available, weather data from the location of interest
are the best source of information.

To help determine the length of the weather record needed for
developing parameters for CLIMGN, we examined the effect of
record length on the annual mean values of precipitation, air
temperature and solar radiation. These annual means are used by
CLIMGN to determine the mean annual amounts of precipitation
and mean annual temperatures of the generated weather record.
Moving 10-, 20-, and 30-year means were calculated from HISWR.
For example, 1914-1923 is one 10-year period; 1915-1924 is
another; and so on. This procedure was used to identify all possible
10-, 20-, and 30-year periods in the 71-year HISWR.

Model Simulation

We used the Ekalaka Rangeland Hydrology and Yield Model
(ERHYM) (Wight and Neff 1983) in this study. ERHYM is a
climate, water-balance model that provides daily simulation of soil
water evaporation, transpiration, soil water routing and runoff for
individual range sites. Herbage yield is computed annually at peak
standing crop as the product of the actual to potential transpira-
tion ratio and the site yield potential. ERHYM calculates infiltra-
tion and runoff from daily rainfall using a modified curve number
method as described by Williams and LaSeur (1976). Evapotrans-
piration, soil water routing, and herbage yield calculations are
from Wight and Hanks (1981).

Forecasts of peak standing crop herbage yields and runoff based
on initial soil water conditions were calculated using the HISWR,
TSGEN, and ALLGEN weather records. Forecast values were
determined by running the model for 71 years and calculating the
means and standard deviations of the annual yield and runoff
values (Wight et al. 1984). Five levels of initial soil water content

were used in the model simulations: 0, 25, 50, 75, and 100% of the
available soil water holding capacity. The model was run for only
the duration of the growing season each year and soil water content
was re-initialized annually. Runoff values represent only growing
season runoff. The means of simulated yield and runoff using
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Fig. 1. Moving means and standard deviation (s) for annual precipitation
for 10-, 20-, and 30-year periods of the HISWR.

HISWR, TSGEN, and ALLGEN were compared using a r-test.

1964 1974 1984

Results and Discussion

The moving means plotted in Figures 1, 2, and 3 demonstrate the
effect of record length on mean values of annual precipitation and
daily maximum and minimum air temperatures. For precipitation,
the means of the 10-, 20, and 30-year periods varied by 106, 81, and
43 mm, respectively. For example, in Figure 1 the lowest 10-year
mean was 348 mm and the highest was 454 mm, a difference of 106
mm. Such variability does not mean that all generated records
would be biased by such amounts. The probability of using a
record with an extreme bias is low, but it could occur and bias
decisions based on use of the synthetic weather record. Air temper-
atures were less variable with no differences among the 3 record
periods greater than 1.5° C. Based on the 31-year historical record,
annual solar radiation means varied less than 1% for the 10- and
20-year records.

Asinputs to ERHYM orsimilar simulation models, the extreme
biases in precipitation could significantly affect model output
values, especially runoff. The small variation in temperature and

283



-
W
(=]

T T
30-YEAR RUN
_ - - - T1-YEAR MEAN
$=0.33 .

MAXIMUM TEMPERATURE (C)

Py
(4]
(=]

T T
20-YEAR RUN
T1-YEAR MEAN

S = 0.39 -

-

N

w
T

-

MAXIMUM TEMPERATURE (C)
- 5
o

—
w
o

T ¥ T T

T

10—~YEAR RUN

. - - - T1-YEAR MEAN

- S = 0.66 <

-
N
o

-
-

. o Il L 1 1
1914 1924 1934 1944 1954

STARTING YEAR

Fig. 2.Moving annual means of the daily maximum temperature values and
the standard deviation (s) 10-, 20-, and 30-year periods of the HISWR.
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solar radiation would have very little effect on herbage production
or runoff. However, where temperature is a factor in determining
competitive advantages among plant species in a multispecies
model such as SPUR (Wight and Skiles 1987), small changes in
temperature may be important.

The results of these 10-, 20-, and 30-year mean comparisons
support the recommendations of Richardson et al. (1987). They
recommend that for generating air temperature and solar radia-
tion, a 10-year historical record is adequate for calculating model
parameters. For precipitation, the historical record should be 20
years or more. Tables 1 and 2 compare attributes of the long-term

weather records used in this study. Although there were some
measurable differences in monthly precipitation means of the his-
torical and synthetic records, these differences were generally small
and did not affect the yield forecasts (Table 3). The largest discre-
pancy was in the September means, which were 37 and 52 mm for
the historical and synthetic records, respectively. The major prob-
lem with the generated precipitation records was their inability to

284

o
(=]

1 T T ] T
30-YEAR RUN

- - - - T1-YEAR MEAN

8 =10.35 .

S

MINIMUM TEMPERATURE (C)

2.0 I 1 1 1 1 1

T T
20-YEAR RUN

T1-YEAR MEAN

MINIMUM TEMPERATURE (C)

T T

10-YEAR RUN
T1-YEAR MEAN
0.5F S = 0.69 i

MINIMUM TEMPERATURE (C)

2.0
1914

1924 1934 1944 1954

STARTING YEAR

Fig. 3. Moving annual means of the daily minimum temperature values
and the standard deviation (s) for 10-, 20-, and 30-year periods of the
HISWR.

simulate daily extremes (Table 1). The historical record daily max-
imum precipitation values for each month were higher than the
synthetic maximum values and for 5 of the 12 months, they were
more than double the synthetic values. These extreme daily precip-
itation amounts are of major hydrologic importance.

Monthly means and extremes of the generated air temperature
record were generally in good agreement with those of the histori-
cal records (Table 2). There were some measurable differences
between the monthly means of the 2 records, but these differences
are considered small (less than 1.9° C). Annual means of the
long-term records differed by only 0.1° C.

Use of synthetic weather records had little effect on herbage yield
forecasts determined from model simulations (Table 3). Fore-
casted values using HISWR and TSGEN were almost identical for
both yield and runoff indicating that synthetic temperature values
did not affect model simulations of yield or runoff.

Forecasted runoff, however, was affected by the use of synthetic
precipitation records (ALLGEN). The forecasted annual runoff
values were significantly lower ( P<.10) using the synthetic precipi-

1964 1974 1984
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Table 1. Comparison of historical and synthetic precipitation records.

Precipitation (mm)

Mean Maximum daily values
Month Historical  Synthetic ~ Historical  Synthetic
January 10 9 17 1
February 10 8 26 10
March 18 14 46 18
April 38 50* 50 59
May 54 45 51 44
June 88 80 101 50
July 59 61 86 56
August 4 44 74 47
September 37 52% 127 49
October 24 32+ 49 45
November 13 9* 33 15
December 9 10 19 13
Annual 404 414 Mean 56 35

*These means are significantly different (P<.10) from the historical record means.

tation than they were using the historical precipitation record.
Again, this difference in runoff reflects the inability of synthetic
precipitation records to reflect the extreme daily precipitation
values. Other workers have reported similar results when using
synthetic precipitation records (Hanson et al. 1989, Zucchini and
Adamson 1984).

Conclusions

Our results indicate that use of synthetic weather records can
provide unbiased herbage yield forecasts using models such as
ERHYM. Runoff, however, is very sensitive to extreme daily
precipitation amounts which most synthetic records are unable to
represent adequately. Climate model parameters for generating
daily precipitation should be computed from no fewer than 20
years of historical records. For temperature and solar radiation, a
10-year historical record appears to be adequate. Synthetic
weather records can be used effectively with rangeland simulation
models in the decision-making process.
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Table 3. Herbage yield and runoff forecasts using historical (HISWR) and simulated weather records (TSGEN = air temperature and solar radiation
generated; ALLGEN = precipitation, temperature, and solar radiation generated).

L. Yield (%)? Runoff (mm)
Beginning!
soil water HISWR TSGEN ALLGEN HISWR TSGEN ALLGEN
content (%) Mean Std Mean Std Mean Std Mean Std Mean Std Mean? Sud
0 42 24 42 24 38 23 9 14 9 13 2 5
25 56 21 57 21 54 22 13 19 12 18 7 7
50 71 16 71 16 70 18 20 25 19 24 9 1
75 82 11 82 11 81 13 32 32 31 31 19 I8
100 88 8 88 8 87 10 50 38 49 36 37 24
!Beginning soil water content is expressed as percent of the available soil water holding capacity.
2Yield is expressed as percent of the potential site yields with water nonlimiting for plant growth.
3AIl the means in this column are significantly different ( P<.10) from the runoff means under HISWR and ALLGEN.
JOURNAL OF RANGE MANAGEMENT 44(3), May 1991 285



