Pre and Post-Fire Flow Modeling Summary
2007 Southern California BAER Plan
Pre- and post-fire peak flows were modeled for the 2007 Southern California BAER Plan, covering the Poomacha, Witch, and Harris Fires in San Diego County. The three fires occurred on Federal Department of the Interior (DOI) lands managed by the Bureau of Indian Affairs (BIA), Bureau of Land Management (BLM), and Fish and Wildlife Service (FWS). BIA lands include Barona, La Jolla, Mesa Grande, Pala, Pauma, and Rincon. Affected BLM lands are the San Diego County Border Mountains Planning Area and San Diego County Management Area. The San Diego National Wildlife Refuge comprised the FWS land evaluated. Portions of the Cleveland National Forest were also involved in the fires and were evaluated by a USDA Forest Service BAER Team that worked separately from, but in conjuction with the National DOI BAER Team to facilitate better consistency in post-fire assessments and treatment recommendations.

Values-at-Risk included numerous commercial, residential, and out-building structures; campgrounds; water conveyance and impoundment facilities; roads; and cultural sites.  Post-fire watershed concerns included increased erosion, flooding, and debris flows. 

Pre- and post-fire peak flows were modeled in the ArcMap® GIS software environment using the SCS curve number method. The SCS curve number method is a well known, widely used method for estimating runoff and the peak rate of discharge for various design storms. Peak flows predicted by the model are in addition to stream base flow.  Where zero discharge is predicted, this does not mean there is no discharge, it only means that there is no discharge in addition to base flow. The SCS curve number method of peak flow prediction is most appropriate for rainfall events, and does not predict changes to peak flows as a result of snowmelt.  
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Characteristic rain events for San Diego County are longer-duration, low-intensity rain events occurring October through the end of April.  Short-duration, high-intensity thunderstorm-type events are less common but do occasionally occur.  Snow and snowmelt are extremely rare occurrences for this area. Storm recurrence intervals of 2-year, 10-year, 25-year, and 100-year were chosen for 1 hour, 6 hour, and 24 hour durations.  These combinations reflect both a range in storm severity as well as a thunderstorm-type response versus longer-duration storms.  San Diego County is split between NOAA Atlas 2 and Atlas 14 precipitation coverage areas.  Nearly all of the burned areas are situated just within the Atlas 2 coverage, but the northeast edge of the Poomacha Fire overlapped with Atlas 14 (Figure 1).  
Figure 1. NOAA Atlas 2 and Atlas 14 coverage areas for the Western United States.

NOAA Atlas 2 has GIS Grid-format data for the 2-year and 100-year storm frequencies with 6 hour and 24 hour durations only.  These 4 storms were imported for use in the runoff model.  Corresponding Atlas 14 GIS Grid data for the same storms was also downloaded to cover the northeastern edge of the Poomacha Fire area.  These precipitation data were obtained from the NOAA Precipitation Frequency Data Server website located at: http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_gis.html.  The 2-year storm events are more likely to occur than the 10-year or 100-year storm events (Table 1).  
Table 1. Percent Chance of Occurrence for the 2-, 10-, and 100-Year Recurrence Interval Storms.
	Return

Interval
	Risk

within

1 year
	Risk

within

2 years
	Risk

within

3 years
	Risk

within

4 years
	Risk

within

5 years

	2
	50%
	75%
	88%
	94%
	97%

	10
	10%
	19%
	27%
	34%
	41%

	100
	1%
	2%
	3%
	4%
	5%


Based on field reviews of each fire, it was determined that the Witch and Harris fires did not warrant runoff modeling.  However, extensive threats to life and property exist in the Poomacha Fire and thus it was modeled in detail for several storms. The total precipitation depths associated with each storm return interval and duration are displayed in Table 2 below.  Only one value could be used for the constant-value Grid in the model for the all storms of 1 hour duration, and all storms with a return interval of 10 and 25 years.  A range of values is presented for the GIS Grid precipitation data, with the highest rainfall amounts near Palomar Mountain.  Precipitation amounts for one-hour duration storms were interpolated using methods outlined in NOAA Atlas 2.
Table 2.  Design Storm Precipitation Values (inches).
	Design Storm
	Source Data Format
	Value
	Min
	Max

	2 yr 1 hour
	Isopluvial Maps
	0.66
	----
	----

	2 yr 6 hour
	GIS Grid
	----
	1.7
	2.2

	2 yr 24 hour
	GIS Grid
	----
	2.7
	4.5

	10 yr 1 hour
	Isopluvial Maps
	1.2
	----
	----

	10 yr 6 hour
	Isopluvial Maps
	3.5
	----
	----

	10 yr 24 hour
	Isopluvial Maps
	7.0
	----
	----

	25 yr 1 hour
	Isopluvial Maps
	1.5
	----
	----

	25 yr 6 hour
	Isopluvial Maps
	4.2
	----
	----

	25 yr 24 hour
	Isopluvial Maps
	9.0
	----
	----

	100 yr 1 hour
	Isopluvial Maps
	2.1
	----
	----

	100 yr 6 hour
	GIS Grid
	----
	3.8
	5.2

	100 yr 24 hour
	GIS Grid
	----
	6.8
	12.4


The pre-fire and post-fire curve numbers were selected from the Flow Model Curve Number Table (Table 3) based on vegetation type, hydrologic soil group, and runoff potential. Vegetation classes were obtained from Landscape Fire and Resource Management Planning Tool Project (LANDFIRE).  LANDFIRE vegetation data is available at www.landfire.gov in GIS format developed from 30-meter resolution satellite data collected in 2001.  The Poomacha fire was dominated by conifer species; coastal shrubs, classified as broadleaf chaparral for modeling; and scrub oak, classified in the Mountain Oak model vegetation category.  The hydrologic soil group refers to the infiltration potential of the soil after prolonged wetting.  The dominate hydrologic soil groups are B and C. Runoff potential was created by adapting the soil burn severity to account for the high amount of granite and granodiorite rock outcrop throughout the burned areas, and the loss of dense shrub canopies which only had a low soil burn severity.
Pre and post-fire flows were modeled for twelve watersheds and values-at-risk:  Adams above PA01; Agua Tibia above Wilderness Gardens Campground; Cedar Creek at La Jolla Campground; East Amago Canyon above the Hwy 76 bridge; Frey Creek above Wilderness Gardens Campground; Jaybird Creek above RP52; Paradise Creek above JH16; Pauma Creek above the community of Pauma; Reservoir Channel above BR01 and low-water road crossing; West Amago Canyon above Hwy 76 bridge; and Yuima Creek above the community of Rincon.  Appendix IV of the 2007 Southern California BAER Plan contains a map of the analysis watersheds and channel cross-section locations.  The watersheds selected for modeling were based on values at risk identified by the BAER Team watershed members.  
Modeling resulted in overly high peak flow magnitudes and corresponding high percent increases above pre-fire conditions.  The BAER watershed team concluded that model results appeared to be 1-2 orders of magnitude higher than anticipated.  Possible reasons for this include any one or a combination of the following:

· Rainfall amounts entered for the constant value GIS Grids created within the model were obtained from low-resolution scanned, isopluvial maps for Palomar Mountain.  This point was the only discernable locator on the isopluvial maps and has much higher rainfall amounts than the Pauma Valley below.

· The SCS Curve Number Method was originally developed in and for agricultural lands and doesn’t specifically address forested, mountain areas, let along fire effects.  Thus it may not be an appropriate model in some types of steep, mountainous terrain.
· The highly dissected, steep watershed basins. 

· LANDFIRE data may not account for vegetation changes since 2001, although BAER Team vegetation specialists felt that it was still accurate and did not need to be updated for any large areas since the 2003 Fires that overlapped the burned areas.
Items that were ruled out as potential sources of error include:

· Import and projection of GIS grid data for NOAA Atlas 2 precipitation;
· Use of Soil Burn Severity classes instead of Runoff Potential did not significantly reduce the output peak flow magnitudes; 

· Curve Numbers had to be significantly reduced in order to achieve more reasonable flow results, so much so, that the curve numbers were no longer representative of actual ground conditions. 


Consequently, these results are not included in the BAER plan watershed assessment.  The USGS National Flood Frequency (NFF) Program was used instead to analyze watershed response based on flood magnitude return intervals, rather than precipitation events modeled in the SCS Curve Number method.
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