
A comparison of three automated precipitation simulation models : ANUSPLIN, MTCLIM-3D, and
PRISM
by Sara Teresa Stillman

A thesis submitted in partial fulfillment of the requirements for the degree of Master of Science in
Earth Sciences
Montana State University
© Copyright by Sara Teresa Stillman (1996)

Abstract:
A comparison of the ANUSPLIN, MTCLIM-3D, and PRISM model performance is needed to assist
users with appropriate model selection and elucidate potential differences. The models employ
different techniques to develop gridded precipitation surfaces from published climate station (point)
data and digital elevation models (DEMs) using the same monthly and annual data sets to determine
whether the predicted precipitation surfaces are hydrologically reasonable over a region which contains
a diverse physiography and produces a wide range of precipitation regimes. Mean monthly and annual
precipitation estimates were prepared for the Bozeman, Billings, Ashton, and White Sulphur Springs 1
x, 2° topographic quadrangles in southwestern Montana and the Cody quadrangle in Wyoming for the
1961-90 data period. Input data included monthly precipitation data from 258 weather stations and a
0.5 km square-grid DEM derived from the appropriate 3 arc-second USGS DEMs with ANUDEM.

The models generated statistically similar results. The mean annual precipitation predictions for the 20
(randomly selected) withheld stations were accepted as statistically similar to the observed data at the
0.05 significance level. ANUSPLIN produced slightly higher mean annual estimates (5.6% and 4.0%
higher than MTCLIM-3D and PRISM, respectively), and tended to overestimate precipitation at the 20
withheld stations. This model also generated slightly higher mean absolute errors (MAE) compared to
the other two models which tended to underestimate precipitation at the 20 withheld stations. The
largest differences between the model predictions occur in high elevation areas (e.g. Absarokas,
Tetons) where a lack of climate stations and highly variable precipitation patterns complicate the
interpolation process. Similar results suggest model selection should be based on ease of use and
efficiency.

The MTCLIM-3D mean values are higher in winter and early spring while PRISM predictions are
greater in the late spring-summer months and ANUSPLIN generally has the lowest predictions overall
although the differences are minimal. The predictions fell in the same 25 mm classes in over 80% of
the DEM cells in 28 out of 36 monthly surface comparisons. The largest differences occurred in the
late fall and winter. The largest MAE and bias estimates were generated for all three models in these
months. In addition, predictions were different from the observed data at the 20 withheld stations at the
0.05 significance level in November for ANUSPLIN and MTCLIM-3D, December for ANUSPLIN
and PRISM, and February for ANUSPLIN. Relatively low agreement between the summed monthly
surface and annual surface values for all three models demonstrate the importance of incorporating
snow course data.' The models require less climate knowledge compared to the hand-contouring
method and provide error estimates as well as precipitation estimates that can be accessed directly by
modem geographic information systems. Increased numbers of climate stations in high elevations and
more precise measurements of station locations and elevations would improve model predictions in the
northern Rocky Mountains. 
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