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1.
Introductiontc "1.
Introduction"
There exists a strong demand for maps and digital spatial products involving high-intensity precipitation events or probabilities. Numerous agencies, including emergency management offices, civil engineers, and hydrologists, are in need of such information. In many cases, legal requirements dictate the use of the “best available” information, even if such data are outdated or of poor quality.
Most existing products containing maps of precipitation intensity (TP-40, and NOAA Atlas 2, for example) are quite outdated. Successful use of a model to estimate short-term intensities (daily to several days) would suggest the possibility of using the model for updating those publications.  This paper describes recent work demonstrating the usefulness of the PRISM modeling system as a tool in creating maps of short-term high-intensity precipitation.  

2.
Backgroundtc "2.
Background"
PRISM (Parameter-elevation Regressions on Independent Slopes Model) is a knowledge-based system that uses point data, a digital elevation model (DEM), and many other geographic data sets  to generate gridded estimates of monthly and event-based climatic parameters (Daly and Neilson 1992,  Daly et al. 1994, Daly et al 1997, Daly and Johnson 1999). Originally developed for precipitation estimation, PRISM has been generalized and applied successfully to temperature, among other parameters. PRISM has been used extensively to map precipitation, dew point, and minimum and maximum temperature over the United States, Canada, and other countries. 


Most of the modeling performed using PRISM has been at time scales of one month or longer. Examples of products already produced include: (1) monthly and annual average climate maps for precipitation, temperature, snowfall, degree days, and other parameters for the 1961-1990 period; and (2) sequential monthly maps for precipitation and mean maximum and minimum temperature for the period 1895-1997 (Daly et al., in press).  PRISM 1961-1990 mean precipitation maps are certified as the official maps of the USDA.  Many new PRISM gridded data sets can be obtained from http://www.climatesource.com.

3.
Flood mapping


Using point data from precipitation stations throughout the Pacific Northwest, PRISM produced several new maps of precipitation for three extreme precipitation-flood events (February and November, 1996, and December-January 1996-97).  The maps have been reviewed by several federal and state agencies and accepted for use in publications describing the flood events, and in landslide assessments conducted by the State of Oregon.  Two of these events are discussed here.  

3.1 February 5-9, 1996. 

A series of intense surges of subtropical moisture inundated most of northern Oregon and southwestern Washington during the period February 5-9, with 4-day totals as high as 28 inches. The combination of record-breaking rain, warm temperatures, and a deep snowpack led to severe flooding.  River levels were comparable in magnitude to the December, 1964 flood, the largest in Oregon since flood control reservoirs were built in the 1940's and 1950's. Since the rain event was preceded and followed by dry periods lasting several days, it was a simple matter to compute total precipitation for the period by adding all one-day totals from February 4-10.

Maps of total 4-day precipitation were obtained using two types of modeling: (1) using PRISM to directly model total precipitation; and (2) using a statistical approach in which storm total precipitation at every monitor was compared with February normals. In the latter case, the percentage of “normal February precipitation” (ranging up to 200% of the monthly normal for the 4-day period!) was distributed spatially using GIS, and the resulting grid multiplied by a GIS coverage of 1961-1990 normal February precipitation previously prepared using PRISM. The map produced using PRISM directly (Figure 1) was judged to be superior to the statistically-derived map based on lower bias and cross-validation scores as well as subjective review. The superior performance of PRISM may be due in part to a much larger set of station data than were used to create the “normal” map which was used in the statistical analysis.

3.2 Dec. 28, 1996 – Jan. 3, 1997

A powerful Pacific storm fueled by large amounts of tropical moisture affected the entire west coast in late December and early January. Unusually warm temperatures (freezing levels were above 8,000 feet) added significant snow melt to intense rains. Several California locations had more than 40 inches of rain for the period. Flooding in that state damaged or destroyed more than 20,000 homes and 1,500 businesses, and killed at least 5. Oregon and Washington also suffered from extensive flooding. 

Data from monitoring sites in the three states were distributed to a grid using PRISM, and contour plots were created using GIS. Figure 2 shows the resultant map of total precipitation during the period. The map was reviewed by the U.S. Forest Service, and used by that agency in their post-mortem analysis of the event.

4.
Extreme Precipitation EVENTStc "4.
Extreme Precipitation EVENTS"

Existing products containing maps of precip-itation intensity (TP-40, and NOAA Atlas 2, for example) are at least 25 years old, and available only in hard copy form. Many additional years of data and new knowledge of the spatial distribution are now available.  Successful use of PRISM to develop updated coverages would satisfy the needs of the many users of such products.


Recently, we have begun a pilot project with the USDA Nautural Resources Conservation Service (NRCS) and the National Weather Service Office of Hydrology (OH) to assess the ability of PRISM to produce high-quality maps of extreme precipitation.  These include 2-year and 100-year return-period 24-hour precipitation totals (referred to hereafter as 2y24h and 100y24h, respectively).  The first phase of the project involved comparing PRISM maps of 2y24h and 100y24h precipitation for the semi-arid southwestern United States.  OH has recently completed a manually-drawn draft of 2y24h for this region (Figure 3).  


Using station data supplied by OH, a PRISM map of 2y24h was  created.  Doing so required a new approach to mapping, however.  It was immediately recognized that the amount of station data available from OH for 2y24h was much less than that available for the peer-reviewed PRISM 1961-1990 mean precipitation maps. Missing data included NRCS SnoTel stations, snow courses, short-term COOP stations, storage gauges, and more. It was also recognized that mean annual precipitation (MAP) was an excellent predictor of 2y24h, much better than elevation, which is typically used as the underlying, gridded predictor variable in PRISM applications.  Therefore, the PRISM MAP grids represented a powerful base map, both in its incorporation of so much station data, and in its superior predictive capability for 2y24h.  


The most direct use of the MAP grid in the PRISM application to 2y24h was to use it as the underlying predictive grid, in place of the elevation grid.  This produced excellent results (Figure 4).  The PRISM and OH maps agreed closely (within 0.5") over most of the domain.  Exceptions were in mountainous areas such as the San Bernadinos, Mogollon Rim, Wasatch and Uintas, where PRISM values were 10-25% higher than those of OH.  


Using the 2y24h map as a base, OH typically derives other maps, such as 100y24h, by applying Regional Growth Factors (RGF).  These are multiplicative factors assigned on a regional bases according to the best judgement of the analyst (Figure 5).  RGFs were applied to the PRISM 2y24h map to produce a PRISM RGF 100y24h map.  As expected, a comparison between the PRISM RGF and OH 100y24h maps found small differences that mirrored those found in the 2y24h maps. 


A major drawback to the RGF approach is that it can result in discontinuous spatial products that exhibit “seams” along the edges of  RGF regions.   In an attempt to alleviate this problem, PRISM was applied to  station data for 100y24h directly, again using MAP as the underlying predictor variable.  The direct PRISM map was very similar to the PRISM RGF map.  However, close scrutiny revealed that differences between the PRISM RGF and direct PRISM maps were found, and were located along the “seams” between RGF regions (Figure 6).  This suggests that high-quality 100y24h maps can be made directly with PRISM, with the added benefit of eliminating edge effects caused by the regional boundaries inherent in the RGF approach.  

5. CONCLUSIONS

Recent applications have shown the usefulness of the PRISM modeling system as a tool for mapping extreme precipitation.  Several maps of multi-day storm events in the Pacific Northwest were created.  Performance of PRISM was very good, and the products served as the basis for event assessments by state and federal government.  A pilot project is currently underway with the USDA-NRCS and  the NWS-OH; the project  is comparing PRISM-based maps of 2- and 100-year 24-hour precipitation with those created by NWS-OH for the semi-arid southwestern US.  A new method for applying PRISM was developed; it involves using mean annual precipitation instead of elevation as the underlying predictor variable.  Preliminary results show that the PRISM maps are very similar to those of the OH.  In addition, direct PRISM modeling of 100-year 24-hour precipitation has advantages over the regional growth factor approach taken by the OH by eliminating spatial discontinuities among regions.  
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Figure 1. PRISM total precipitation, February 5-9, 1996, in NW Oregon and SW Washington.
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Figure 2. PRISM total precipitation, Dec. 28, 1996 – Jan. 3, 1997
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Figure 5 NWS-OH regional growth factors used to convert 2-year 2+hour
allceason precipifation to 100-year 24-hous valses. Contouss are every 0.1
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Figure 6. Difference between PRISM 100-year 24 hous precipifation methods: map using
regional growth factors applied o PRISM 2-year 24-hous minus map using PRISM direetly
on 100 yeas 24 howr dafa.
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