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1.0 INTRODUCTION  

1.1 Purpose and Need 
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1.2 Site Location and Description 
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FIGURE 2
Vicinity Map

6680-2D
Final Escondido Creek Preserve - Vegetation Management PlanMONTH 2010

SOURCE: USGS 7.5-Minute Series Quadrangle.
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1.3 Vegetation Management Goals and Objectives 
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2.0 ENVIRONMENTAL RESOURCES 

2.1 Biological Resources 

2.1.1 Vegetation Communities 

Vegetation Community/Land Cover Type (Holland* Code) Acres On Site1 Percentage 

Disturbed Habitat (11300) 12.0 3.5% 
Non-native Vegetation (11000) 0.8 0.2% 
Orchard (18100) 0.01 <0.1% 
Developed Land (12000) 6.9 2.0% 
Eucalyptus Woodland (79100) 1.7 0.5% 
Diegan Coastal Sage Scrub2 (32500) 85.6 24.7% 
Southern Mixed Chaparral (37120) 223.7 64.6% 
Non-Native Grassland (42200) 3.3 1.0% 
Valley Needlegrass Grassland (42110) 1.2 0.4% 
Southern Coast Live Oak Riparian Forest (61310) 1.9 0.6% 
Southern Riparian Woodland (62500) 0.9 0.3% 
Southern Willow Scrub (63320) 1.9 0.6% 
Coast Live Oak Woodland (71160) 6.5 1.9% 

Total 346.6 100.0% 
1 Does not include 100-foot buffer acreage 
2 Includes 6.3 acres of disturbed Diegan Coastal Sage Scrub 
*Updated by Oberbaur 1996. 
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2.1.2 Sensitive Plant Species 

Common Name Scientific Name Status 
San Diego (Palmer’s) Sagewort Artemisia palmeri CNPS List 4.2, County List D 

Wart-Stemmed Ceanothus Ceanothus verrucosus CNPS List 2.2, County List B, MSCP 
Covered Species 

San Diego Marsh-Elder Iva hayesiana CNPS List 2.2, County List B 
Southwestern Spiny Rush Juncus acutus var. leopoldii CNPS List 4.2, County List D 

San Diego Goldenstar Muilla clevelandii CNPS List 1B.1, County List A, MSCP 
Covered Species 

Ashy Spike-moss Selaginella cinerascens CNPS List 4.1, County List D 
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2.1.3 Sensitive Animal Species 

Common Name Scientific Name Status 
(Federal/State/County/MSCP)1 

Birds 
Cooper's Hawk Accipiter cooperii --/SWL/Group 1/-- 
Southern California Rufous-Crowned Sparrow Aimophila ruficeps canescens --/SWL/Group 1/MSCP 
Red-Shouldered Hawk Buteo lineatus --/--/Group 1/-- 
Turkey Vulture Cathartes aura --/--/Group 1/-- 
White-Tailed Kite Elanus leucurus --/SFP/Group 1/-- 
Coastal California Gnatcatcher Polioptila californica californica FT/SSC/Group 1/MSCP 
Barn Owl Tyto alba --/--/Group 2/-- 
Bell’s Sage Sparrow Amphispiza belli belli --/SWL/Group 1/MSCP 
Canada Goose Branta canadensis --/--/Group 2/-- 
Northern Harrier Circus cyaneus --/SSC/Group 1/MSCP 
Yellow Warbler Dendroica petechia brewsteri --/SSC/Group 2/-- 
White-Faced Ibis Plegadis chihi --/SWL/Group 1/MSCP 
Western Bluebird Sialia mexicana --/--/Group 2/-- 
California Gull Larus californicus --/SWL/Group 2/-- 
Gadwall Anas strepera --/--/Group 2/-- 
Great Blue Heron Ardea herodias --/--/Group 2/-- 

Mammals 
Northwestern San Diego Pocket Mouse Chaetodipus fallax fallax --/SSC/Group 2/-- 
San Diego Desert Woodrat Neotoma lepida intermedia --/SSC/Group 2/-- 
Western Red Bat Lasiurus blossevillii --/SSC/Group 2/-- 
Yuma Myotis Myotis yumanensis --/--/Group 2/-- 
Pocketed Free-Tailed Bat Nyctinomops femorosaccus --/SSC/Group 2/-- 
San Diego Black-tailed Jackrabbit Lepus californicus bennettii --/SSC/Group 2/MSCP 
Southern Mule Deer Odocoileus hemionus --/--/Group 2/-- 

Herpetofauna 
Western Spadefoot Spea hammondii --/SSC/Group 2/MSCP 
Coastal Western Whiptail Aspidoscelis tigris stejnegeri --/--/Group 2/-- 
Coronado Skink Eumeces skiltonianus interparietalis --/SSC/Group 2/-- 
Coast (Blainville’s) Horned Lizard Phrynosoma blainvillei --/SSC/Group 2/MSCP 
Two-Striped Garter Snake Thamnophis hammondii --/SSC/Group 1/MSCP 
San Diego Ringneck Snake Diadophis punctatus similis --/--/Group 2/-- 
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1 Status -  Federal Designations 
 FT: Federally Threatened 
 State Designations 
 SSC: Species of Special Concern 
 SFP: State Fully Protected 
 SWL: State Watch List 

 County Designations 
 Group 1: Animals of high sensitivity (listed or 
 specific natural history requirements) 
 Group 2: Animals declining, but not in immediate 
 threat of extinction or extirpation 
 MSCP: Covered under the North County MSCP 

2.2 Cultural Resources 

Archaeological Survey Report for 
the Escondido Creek Preserve

Primary or Trinomial Site# Description Significance Evaluation 
CA-SDI-17670 Prehistoric lithic scatter Not evaluated - Considered significant  
P-37-031723 Historic site – foundation, wall, gate Not evaluated - Considered significant  
P-37-031724 Historic site – foundation Not evaluated - Considered significant  

3.0 INVASIVE SPECIES MANAGEMENT 

Cortaderia selloana) Nicotiana glauca
Pennisetum setaceum Schinus molle Foeniculum 

vulgare Tamarix ramosissima Phoenix canariensis
Ricinus communis Pinus Carduus pycnocephalus

Eucalyptus .
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Common Name  Scientific Name U.S./California 
Weed List* Cal-IPC Rating** 

Canary Island Date Palm Phoenix canariensis NL Limited 
Castor Bean Ricinus communis NL Limited 
Eucalyptus Eucalyptus spp. NL Limited/Moderate 
Sweet Fennel  Foeniculum vulgare NL High 
Fountain Grass Pennisetum setaceum NL Moderate 
Italian Thistle Carduus pycnocephalus CW Moderate 
Pampas Grass Cortaderia selloana NL High 
Peruvian Peppertree Schinus molle NL Limited 
Pine Trees (non-native varieties) Pinus spp. NL None 
Tamarisk (Salt Cedar) Tamarix ramosissima NL High 
Tree Tobacco Nicotiana glauca NL Moderate 
* USDA California State Listed Noxious Weeds  

CW: California list C noxious weed. "C" rated weeds are generally widespread throughout the state. 
NL: Not listed. 

**Source: Cal-IPC California Invasive Plant Inventory Database, updated December 2010. Overall rating listed for southwest region, factoring 
impact, invasiveness, distribution and documentation level. 
Inventory Categories 

High: Species have severe ecological impacts, are conducive to moderate to high rates of dispersal/establishment and most are widely 
spread. 

Moderate: Species have substantial and apparent, but generally not severe, ecological impacts, are conducive to moderate to high rates of 
dispersal, though establishment is generally dependent on ecological disturbance, and distribution may range from limited to 
widespread. 

Limited: Species are invasive but their ecological impacts are minor on a statewide level or there was not enough information to justify a 
higher score, have low to moderate rates of invasiveness, and are generally limited but may be locally persistent and problematic.  

Bromus madritensis Avena fatua Centaurea melitensis
Silybum marianum Hirschfeldia incana

’
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Common Name Scientific Name 
Black Mustard Brassica nigra 
Foxtail Chess Bromus madritensis ssp. rubens 
Milk Thistle Silybum marianum 
Redstem Filaree Erodium cicutarium 
Ripgut Brome Bromus diandrus 
Shortpod Mustard Hirschfeldia incana 
Soft Brome Bromus hordeaceus 
Tocalote Centaurea melitensis 
Wild Oat Avena barbata; A. fatua 

3.1 Target Invasive Species 

Common Name Scientific Name Removal Priority 
Eucalyptus Eucalyptus spp. High 
Castor Bean Ricinus communis High 
Fountain Grass Pennisetum setaceum Moderate 
Pampas Grass Cortaderia selloana Moderate 
Tree Tobacco Nicotiana glauca Moderate 
Tamarisk (Salt Cedar) Tamarix ramosissima Moderate 
Peruvian Peppertree Schinus molle Moderate 
Pine Trees (non-native varieties) Pinus spp. Low 
Sweet Fennel  Foeniculum vulgare Low 
Canary Island Date Palm Phoenix canariensis Low 
Italian Thistle Carduus pycnocephalus Low 
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FIGURE 5b
Special Status Wildlife Species

Final Escondido Creek Preserve - Vegetation Management Plan
6680-2D

SOURCE: NAIP 2009
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SOURCE: NAIP 2009
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Special Status Wildlife Species
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3.1.1 High Priority Species 

Eucalyptus

Eucalyptus camaldulensis
Eucalyptus globulus

Ricinus communis
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3.1.2 Moderate Priority Species 

Pennisetum setaceum

Cortaderia selloana
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FIGURE 6b
Target Invasive Non-Native Plant Species Locations and Potential Restoration Areas

Final Escondido Creek Preserve - Vegetation Management Plan
6680-2D

SOURCE: NAIP 2009
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FIGURE 6c
Target Invasive Non-Native Plant Species Locations and Potential Restoration Areas

Final Escondido Creek Preserve - Vegetation Management Plan
6680-2D

SOURCE: NAIP 2009
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FIGURE 6d
Target Invasive Non-Native Plant Species Locations and Potential Restoration Areas

Final Escondido Creek Preserve - Vegetation Management Plan
6680-2D

SOURCE: NAIP 2009
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Nicotiana glauca

Tamarix ramosissima

Schinus molle
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3.1.3 Low Priority Species 

Pinus .

Foeniculum vulgare

Phoenix canariensis
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Carduus pycnocephalus

3.2 Removal Methods 

3.2.1 Manual Removal 
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3.2.2 Mechanical Removal 

3.2.3 Herbicides 

3.2.4 Cut and Daub 
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4.0 HABITAT RESTORATION 

4.1 Proposed Restoration Areas 

4.2 Restoration Methods 
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4.2.1 Passive Restoration 

4.2.2 Active Restoration 
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Scientific Name Common Name %Purity %Germination Lbs/Acre 
Achnatherum coronatum giant needlegrass 70 40 2 
Adenostoma fasciculatum chamise 90 20 4 
Baccharis sarothroides chaparral broom 5 40 0.5 
Ceanothus tomentosus var. olivaceus woolly leaf ceanothus 95 65 2 
Eriogonum fasciculatum California buckwheat 10 65 4 
Eriophyllum confertiflorum golden yarrow 30 50 0.1 
Eschscholzia californica California poppy 98 75 0.5 
Hazardia squarrosa sawtooth goldenbush 10 20 2 
Helianthemum scoparium rock rushrose 95 60 0.5 
Lasthenia californica California goldfields 50 60 0.5 
Lessingia filaginifolia sand aster 2 4 2 
Lotus scoparius deerweed 95 40 0.5 
Lupinus bicolor pygmy lupine 98 80 2 
Malacothamnus fasciculata chaparral mallow 15 60 4 
Malosma laurina laurel sumac 95 60 0.5 
Mimulus aurantiacus puniceus sticky monkeyflower 2 60 0.5 
Nassella lepida foothill needlegrass 90 60 2 
Plantago erecta dot seed plantain 98 75 1 
Rhamnus crocea spiny redberry 90 40 3 
Rhus integrifolia lemonade berry  90 60 4 
Salvia mellifera black sage 70 50 1 
Vulpia microstachys small fescue 90 80 1 
Xylococcus bicolor Mission manzanita 90 40 4 

Total 41.6 
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Scientific Name Common Name Average Spacing, 
Feet on Center 

Adenostoma fasciculatum chamise 4 
Baccharis sarothroides chaparral broom 4 
Ceanothus tomentosus var. olivaceus woolly leaf ceanothus 5 
Ceanothus verrucosus wart-stemmed ceanothus 5 
Eriogonum fasciculatum California buckwheat 4 
Hazardia squarrosa sawtooth goldenbush 4 
Malacothamnus fasciculata chaparral mallow 6 
Malosma laurina laurel sumac 8 
Mimulus aurantiacus puniceus sticky monkeyflower 5 
Rhamnus crocea spiny redberry 5 
Rhus integrifolia lemonade berry  8 
Salvia mellifera black sage 5 
Xylococcus bicolor Mission manzanita 5 

Scientific Name Common Name %Purity %Germination Lbs/Acre 
Artemisia californica California sagebrush 10 65 5 
Encelia californica California encelia 40 60 5 
Eriogonum fasciculatum California buckwheat 10 65 4 
Eriophyllum confertifolium golden yarrow 30 50 1 
Eschscholzia californica California poppy 98 75 1 
Lasthenia californica California goldfields 50 60 1 
Lessingia filaginifolia sand aster 2 4 2 
Lotus scoparius deerweed 95 40 3 
Malosma laurina laurel sumac 95 60 1 
Mimulus aurantiacus puniceus sticky monkeyflower 2 60 1 
Nassella lepida foothill needlegrass 90 60 1 
Plantago erecta dot seed plantain 98 75 1 
Rhus integrifolia lemonade berry  90 60 4 
Salvia apiana white sage 70 35 3 
Salvia mellifera black sage 70 50 4 
Vulpia microstachys small fescue 90 80 1 

Total  38 
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Scientific Name Common Name Average Spacing, 
Feet on Center 

Eriogonum fasciculatum California buckwheat 4 
Heteromeles arbutifolia toyon 12 
Malosma laurina laurel sumac 8 
Mimulus aurantiacus puniceus sticky monkeyflower 5 
Rhus integrifolia lemonade berry  8 
Salvia mellifera black sage 5 

t’s
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5.0 FIRE MANAGEMENT 

5.1 Current Fire Management Practices 

5.2 Fire Environment 
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5.2.1 Climate 
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Season 

Wind Speed (mph) Air Temp. (°F) Humidity (%) Avg. Monthly 
Precipitation 

(in.) Avg. Max. Avg. Max. Min. Avg. Max. Min. 

Summer (6/21–9/21) 8.7 15.0 73 106 55 59 88 8 0.06 
Fall (9/22–12/20) 7.1 24.0 63 107* 38 56 95 6 0.66 
Winter (12/21–3/19) 7.8 32.0 56 84 36 54 92 4 2.77 
Spring (3/20–6/20) 9.6 17.0 64 96 44 60 88 8 1.54 
* The high temperature of 107 degrees occurred on September 27, 2010 

5.2.2 Topography 
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5.2.3 Watershed Description 

5.2.4 Fire History 

’
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Quantity of Times Burned* Acreage Percentage 
0 0.68 0.2 
1 196.61 56.7 
2 149.33 43.1 

Total 346.62 100.0 
*FRAP 2011 

Fire Year* Fire Name Interval (years) 
Acreage Burned on 

Preserve 
Percent of Preserve 

Burned** 
1943 Un-named Fire N/A 267.37 77.1 
1986 Harmony Fire 43 0.06 0.0 
1989 Harmony Fire 3 1.66 0.5 
1996 Harmony Fire 7 226.17 65.3 

*FRAP 2011 
**Based on total Preserve acreage of 346.62 
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5.2.5 Vegetation Dynamics and Fuel Loads 

Artemisia californica
Adenostoma fasciculatum Eriogonum fasciculatum
Salvia mellifera

Vegetation Community/Land Cover Fuel Model Acres Percentage 
Coast Live Oak Woodland 9 6.5 1.9 
Diegan Coastal Sage Scrub SCAL18 85.6 24.7 
Disturbed Habitat 1 12.0 3.5 
Eucalyptus Woodland TU5 1.7 0.5 
Non-native Grassland 1 3.3 0.9 
Non-native Vegetation GS2 0.8 0.2 
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Vegetation Community/Land Cover Fuel Model Acres Percentage 
Orchard 9 0.0 0.0 
Southern Coast Live Oak Riparian Forest 8 1.9 0.5 
Southern Mixed Chaparral SH7 223.9 64.6 
Southern Riparian Woodland 8 0.9 0.3 
Southern Willow Scrub 8 1.9 0.5 
Urban/Developed 98 6.9 2.0 
Valley Needlegrass Grassland 1 1.2 0.4 

Total 346.6 100.0 
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5.3 Fuel Management Methods 

5.3.1 Grazing 

5.3.2 Mowing 
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5.3.3 Herbicides 

5.3.4 Prescribed Fire 

E’

5.3.5 Hand Tool or Mechanical Equipment Thinning 
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5.3.6 Fuel Breaks 

5.4 Fire Response Plan 
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5.4.1 Fire Hazard and Current Fire Management Practices Evaluation 
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5.4.2 Primary Actions and Contacts for Wildfire Emergency 

5.4.3 Roads/Access 
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5.4.4 Fuel Breaks 

5.4.5 Emergency Staging Areas 

5.4.6 Fire Hydrants 

5.4.7 Other Water Sources 
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6.0  MANAGEMENT DIRECTIVES 

6.1  Invasive Species Removal 

6.2 Restoration 
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6.3 Fire Management 

.
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VMU Sensitive Resources Fuel Reduction Practice 
1 
 

Area: 24.1 acres 
 

APNs: 264-031-40, 
264-031-39 
 

Access: Via Seaquest 
Trail 

Sensitive Plant Species: 
Ashy spike-moss 
Wart-stemmed ceanothus 
 
Sensitive Animal Species: 
Bell's sage sparrow 
Coast (Blainville's) horned lizard 
Northern harrier 

VMU 1 consists primarily of southern mixed chaparral, with 
smaller areas of coastal sage scrub in the eastern and 
southwestern portions of the VMU. Chaparral is predominantly 15 
years in age in the western 2/3 of the VMU, while the remaining 
eastern portion is 68 + years old.  
 
Fuel treatment in VMU 1 should be limited to invasive species 
removal and strategic removal of dead fuels adjacent to existing 
roadways. Establishment of non-native plants, disease or pest-
caused mortality of adjacent plants, or other means that result in 
increased ignition potential may require strategic thinning.  
 
If vegetation removal is necessary near sensitive species, 
sensitive species locations should be flagged and avoided to the 
maximum extent possible. Vegetation should be removed via 
manual methods in these areas. 

2 
 

Area: 8.4 acres 
 

APN: 264-031-33 
 

Access: Via Seaquest 
Trail and power line 
access road within VMU. 

Sensitive Animal Species: 
Coastal California gnatcatcher 
Southern California rufous-
crowned sparrow 

VMU 2 consists primarily of coastal sage scrub, with smaller 
sections of grassland and eucalyptus woodland. All vegetation is 
68 + years old.  
 
Fuel treatment in VMU 2 should be limited to invasive species 
removal and strategic removal of dead fuels adjacent to existing 
roadways. Strategic understory shrub thinning/crown raising may 
be implemented along the sage scrub-eucalyptus interface to 
minimize the potential for crown fire occurrence, which is 
adjacent to an oak woodland system immediately east of the 
VMU. Establishment of non-native plants, disease or pest-caused 
mortality of adjacent plants, or other means that result in 
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VMU Sensitive Resources Fuel Reduction Practice 
increased ignition potential may require strategic thinning.  
 
If vegetation removal is necessary near sensitive species, 
sensitive species locations should be flagged and avoided to the 
maximum extent possible. Vegetation should be removed via 
manual methods in these areas. 

3 
 

Area: 22.3 acres 
 

APN: 264-041-13 
 

Access: Via Canyon de 
Oro (which bisects 
VMU), Fortuna del Este, 
Suerte del Este, or Paint 
Mountain Road. 

 

Sensitive Plant Species: 
Ashy spike-moss 
San Diego goldenstar 
San Diego (Palmer’s) sagewort 
 
Sensitive Animal Species: 
Coastal California gnatcatcher 
Coronado skink 
Northwestern San Diego pocket 
mouse 
Red-shouldered hawk 
San Diego desert woodrat 
Yuma myotis 

VMU 3 consists primarily of coastal sage scrub, with a small 
stand of coast live oak riparian forest in the northwest corner of 
the VMU. All vegetation is 68 + years old. Existing paved roads, 
power line access roads, and dirt trails bisect the VMU. DPR 
maintains a 30-foot-wide fuel modification zone along Canyon de 
Oro and Paint Mountain Road, which serve as a designated 
evacuation route.  
 
Fuel treatment in VMU 3 should be limited to invasive species 
removal and strategic removal of dead fuels adjacent to existing 
roadways. Strategic understory shrub thinning/crown raising may 
be implemented along the sage scrub-oak woodland interface to 
minimize the potential for crown fire occurrence, which could 
negatively impact the continuation of the oak woodland system 
immediately west of the VMU. Establishment of non-native 
plants, disease or pest-caused mortality of adjacent plants, or 
other means that result in increased ignition potential may require 
strategic thinning. In addition, the existing dirt trails are 
recommended for active restoration.  
 
If vegetation removal is necessary near sensitive species, 
sensitive species locations should be flagged and avoided to the 
maximum extent possible. Vegetation should be removed via 
manual methods in these areas. 

3-WUI 
 

Area: 0.6 acres 
 

APN: 264-041-13 
 

Access: Via west side of 
Canyon de Oro at north 
edge of VMU. 
Via east side of Paint 
Mountain Road at south 
edge of VMU. 

Residences VMU 3-WUI is characterized by the adjacent residential properties 
to the north and south of the Preserve and contains coastal sage 
scrub and grass fuels. DPR maintains these areas as fuel 
modification zones to protect the adjacent existing residential 
structures within 100 feet of the Preserve property boundary. 
 
This VMU should continue to be routinely maintained by manual 
thinning, mowing, and non-native plant removal to minimize fire 
spread and ignition potential from residential development. 

4 
 

Area: 12.8 acres 
 

APN: 264-032-10 

Sensitive Plant Species: 
Ashy spike-moss 

Sensitive Animal Species: 

VMU 4 consists almost entirely of 68+ year old coastal sage 
scrub. Existing power line access roads bisect the VMU. DPR 
maintains a 30-foot-wide fuel modification zone along Canyon de 
Oro, which serves as a designated evacuation route. 
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Access: Via Canyon de 
Oro or gated dirt 
Preserve access road at 
north end of VMU. Also 
via power line access 
road immediately north 
of 1420 Paint Mountain 
Road. 

Coast (Blainville's) horned lizard 
Coastal western whiptail 

 
Fuel treatment in VMU 4 should be limited to invasive species 
removal and strategic removal of dead fuels adjacent to existing 
roadways. Establishment of non-native plants, disease or pest-
caused mortality of adjacent plants, or other means that result in 
increased ignition potential may require strategic thinning.  
 
If vegetation removal is necessary near sensitive species, 
sensitive species locations should be flagged and avoided to the 
maximum extent possible. Vegetation should be removed via 
manual methods in these areas. 

5 
 

Area: 3.1 acres 
 

APN: 264-041-30 
 

Access: At south end of 
Paint Mountain Road. 

Sensitive Animal Species: 
Southern California rufous-
crowned sparrow 

VMU 5 consists almost entirely of 68+ year old coastal sage 
scrub. Existing dirt trails bisect the VMU. 
 
Fuel treatment in VMU 5 should be limited to invasive species 
removal and strategic removal of dead fuels adjacent to existing 
roadways. Establishment of non-native plants, disease or pest-
caused mortality of adjacent plants, or other means that result in 
increased ignition potential may require strategic thinning. In 
addition, the existing dirt trails are recommended for active 
restoration.  

6 
 

Area: 14.1 acres 
 

APN: 264-042-87 
 

Access: Via Elfin Forest 
Road, Elfin Forest Lane, 
or Colina Encantada 
Way. 

Sensitive Plant Species: 
Southwestern spiny rush 
 
Sensitive Animal Species: 
Coast (Blainville's) horned lizard 
Cultural Sites: 
CA-SDI-17,670 

VMU 6 consists primarily of coastal sage scrub, with smaller 
areas of grassland and coast live oak riparian forest in the 
eastern portion of the VMU, and non-native vegetation in the 
western portion. Vegetation is predominantly 15 years in age in 
the northern 2/3 of the VMU, while the remaining eastern portion 
is 68 + years old.  
 
Fuel treatment in VMU 6 should be limited to invasive species 
removal and strategic removal of dead fuels adjacent to existing 
roadways. Strategic understory shrub thinning/crown raising may 
be implemented along the sage scrub-oak woodland interface to 
minimize the potential for crown fire occurrence. Establishment of 
non-native plants, disease or pest-caused mortality of adjacent 
plants, or other means that result in increased ignition potential 
may require strategic thinning. In addition, the non-native 
vegetation area is recommended for active restoration.  
 
If vegetation removal is necessary near sensitive species, 
sensitive species locations should be flagged and avoided to the 
maximum extent possible. Vegetation should be removed via 
manual methods in these areas. 
 
The prehistoric lithic scatter within VMU 1 is non-flammable and 
therefore not vulnerable to wildfires. This cultural site should be 
avoided and protected with an appropriate buffer during 
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thinning/fuel reduction efforts. If access to the cultural site is 
necessary to control non-native species or to remove dead/dying 
vegetation, vegetation should be removed via manual methods. 
Any ground disturbance should be monitored by a County-
approved archaeological and Native American monitor. 

6-WUI 
 

Area: 1.1 acres 
 

APN: 264-042-87 
 

Access: Along east side 
of Elfin Forest Lane, 
immediately north of 
20089 Elfin Forest Lane. 

Residences 
 
Cultural Sites: 
CA-SDI-17,670 

VMU 6-WUI is characterized by the adjacent residential 
properties to the south of the Preserve and contains coastal sage 
scrub, grass, and oak woodland type fuels. DPR maintains these 
areas as fuel modification zones to protect the adjacent existing 
residential structures within 100 feet of the Preserve property 
boundary. 
 
This VMU should continue to be routinely maintained by manual 
thinning, mowing, and non-native plant removal to minimize fire 
spread and ignition potential from residential development.  
 
The prehistoric lithic scatter within VMU 1 is non-flammable and 
therefore not vulnerable to wildfires. This cultural site should be 
avoided and protected with an appropriate buffer during 
thinning/fuel reduction efforts. If access to the cultural site is 
necessary to control non-native species or to remove dead/dying 
vegetation, vegetation should be removed via manual methods. 
Any ground disturbance should be monitored by a County-
approved archaeological and Native American monitor. 

7 
 

Area: 23.5 acres 
 

APN: 264-042-87 
 

Access: Via Elfin Forest 
Road, Colina Encantada 
Way, or Aguilera Lane. 

Sensitive Plant Species: 
Ashy spike-moss 
 
Sensitive Animal Species: 
Barn owl 
Coastal California gnatcatcher 
Cooper's hawk 
Red-shouldered hawk 
White-tailed kite 

VMU 7 consists almost entirely of coastal sage scrub which is 15 
years old. There is an existing disturbed area along the western 
portion of the VMU.  
 
Fuel treatment in VMU 7 should be limited to invasive species 
removal and strategic removal of dead fuels adjacent to existing 
roadways. Establishment of non-native plants, disease or pest-
caused mortality of adjacent plants, or other means that result in 
increased ignition potential may require strategic thinning. In 
addition, the existing disturbed area is recommended for active 
restoration.  
 
If vegetation removal is necessary near sensitive species, 
sensitive species locations should be flagged and avoided to the 
maximum extent possible. Vegetation should be removed via 
manual methods in these areas. 

7-WUI 
 

Area: 0.8 acres 
 

APN: 264-042-87 
 

Residences VMU 7-WUI is characterized by the adjacent residential and 
commercial property to the west of the Preserve and contains 
disturbed coastal sage scrub and grass type fuels. This entire 
VMU is considered a fuel modification zone to protect the 
adjacent residential and commercial structures. 
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Access: Along south 
side of Aguilera Lane, 
immediately east of 
20303 Aguilera Lane. 

This VMU should be routinely maintained by manual thinning, 
mowing, and non-native plant removal to minimize fire spread 
and ignition potential from the adjacent development.  

8 
 
Area: 61.4 acres 
 

APNs: 679-140-01, 
679-140-12, 679-140-
13, 679-140-14, 649-
140-15 
 

Access: Via gated City 
of Escondido sewer 
easement access road 
along south side of 
Harmony Grove Road, 
approximately 1,250 
feet west of the Elfin 
Forest Interpretive 
Center Parking Area. 
Also via Mt. Israel Truck 
Trail accessed on the 
east side of Via 
Ambiente. 

Sensitive Plant Species: 
Ashy spike-moss 
San Diego marsh-elder 
San Diego (Palmer’s) sagewort 
Southwestern spiny rush 
Wart-stemmed ceanothus 
 
Sensitive Animal Species: 
Southern mule deer 
Red-shouldered hawk 
Two-striped garter snake 
Coastal western whiptail 
Yellow warbler 

VMU 8 consists primarily of southern mixed chaparral, with a 
smaller area of live oak woodland, riparian habitat, and coastal 
sage scrub adjacent to Escondido Creek in the northern portion 
of the VMU, just south of Harmony Grove Road. Vegetation is 
predominantly 68+ years old. An existing easement access road 
and several dirt trails bisect the VMU.  
 
Fuel treatment in VMU 6 should be limited to invasive species 
removal and strategic removal of dead fuels adjacent to existing 
roadways. Strategic understory shrub thinning/crown raising may 
be implemented along the chaparral-oak woodland and 
chaparral-riparian vegetation interface to minimize the potential 
for crown fire occurrence. Further, dead fuel removal and 
invasive species removal should be conducted along the 
northern edge of VMU 8 where it abuts Harmony Grove Road to 
minimize the likelihood of ignitions. Establishment of non-native 
plants, disease or pest-caused mortality of adjacent plants, or 
other means that result in increased ignition potential may require 
strategic thinning. In addition, the dirt trails are recommended for 
active restoration. 
 
If vegetation removal is necessary near sensitive species, 
sensitive species locations should be flagged and avoided to the 
maximum extent possible. Vegetation should be removed via 
manual methods in these areas. 

9 
 
Area: 31.5 acres 
 

APNs: 679-140-01, 
649-140-06 
 

Access: Via gated 
access to old structure 
location, along north 
side of Harmony Grove 
Road, approximately 
2,400 feet west of the 
Elfin Forest Interpretive 
Center entrance.

Sensitive Plant Species: 
San Diego (Palmer’s) sagewort 
Southwestern spiny rush 
Wart-stemmed ceanothus 
 
Sensitive Animal Species: 
Barn owl 
Cooper's hawk 
Cultural Sites: 
P-37-031723 
P-37-031724 

VMU 9 consists primarily of southern mixed chaparral which is 
68+ years old.  
 
Fuel treatment in VMU 6 should be limited to invasive species 
removal and strategic removal of dead fuels adjacent to existing 
roadways. Dead fuel removal and invasive species removal 
should be conducted along the southern edge of VMU 9 where it 
abuts Harmony Grove Road to minimize the likelihood of 
ignitions. Establishment of non-native plants, disease or pest-
caused mortality of adjacent plants, or other means that result in 
increased ignition potential may require strategic thinning.  
 
If vegetation removal is necessary near sensitive species, 
sensitive species locations should be flagged and avoided to the 
maximum extent possible. Vegetation should be removed via 
manual methods in these areas. 
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The cultural sites should be avoided and protected with an 
appropriate buffer during thinning/fuel reduction efforts. If access 
to the cultural sites is necessary to control non-native species or 
to remove dead/dying vegetation, vegetation should be removed 
via manual methods. Any ground disturbance should be 
monitored by a County-approved archaeological and Native 
American monitor. 

10 
 

Area: 142.8 acres 
 

APNs: 679-130-05, 679-
130-12 
 

Access: Via private road 
(Wild Willow Hollow) 
along north side of 
Harmony Grove Road, 
approximately 500 feet 
east of the Elfin Forest 
Interpretive Center 
entrance. This road 
provides access to 
adjacent residences. 

Sensitive Plant Species: 
Wart-stemmed ceanothus 
 
Sensitive Animal Species: 
Barn owl 
Bell's sage sparrow 
Cooper's hawk 
Southern mule deer 
Pocketed free-tailed bat 
San Diego black-tailed jackrabbit 
Western red bat 
Coastal western whiptail 
Yuma myotis 

VMU 10 consists primarily of southern mixed chaparral, with a 
small area of non-native grassland in the southeast portion of the 
VMU. A paved road and dirt spur road bisect the VMU. 
Vegetation is 15 years old.  
 
Fuel treatment in VMU 10 should be limited to invasive species 
removal and strategic removal of dead fuels adjacent to existing 
roadways. Dead fuel removal and invasive species removal 
should be conducted along the northern edge of VMU 10 where it 
abuts Harmony Grove Road to minimize the likelihood of 
ignitions. Establishment of non-native plants, disease or pest-
caused mortality of adjacent plants, or other means that result in 
increased ignition potential may require strategic thinning. In 
addition, there are several areas recommended for passive and 
active restoration.  
 
If vegetation removal is necessary near sensitive species, 
sensitive species locations should be flagged and avoided to the 
maximum extent possible. Vegetation should be removed via 
manual methods in these areas. 
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Acronyms and Abbreviations 
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Terms 

BehavePlus:

Brush:

Canopy:

Combustible:

Conflagration: 

Crown Fire:

Defensible Space:

Duff

Extreme Fire:

Fire Behavior:

Fire Department:
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Fire Hazard:

Fire Hydrant:

Fire Prevention:

Fire Protection:

Fire Regime:

Fire Retardant:

Fire Season:

Fire Weather:

Fire Whirl:

Firebrand:

Firefighter:

Flame:

Flammability:
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Fuel Break:

Fuel Loading:

Fuel Model:

Fuel Modification:

Fuel Modification Zone:

Fuels:

Hazard:

High Value Resource: 

Ignition Time:

Invasive Plant Species:

Ladder Fuels:

Overstory:
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Peak Fire Season:

Prescribed Burning:

Prescribed Fire:

Red Flag Warning Conditions: 

Responsibility Area:

Restoration ( ):

Sensitive Species:

Slope:

Smoke:

Spotting:



Appendix A (Continued) 

6680-2D
A-6 May 2011

Structure Fire:

Suppression:

Surface Fuel:

Tree Crown:

Uncontrolled Fire:

Understory:

Urban Interface:

Vegetation Management Unit: 

Weed:

Wildfire: 

Wildland:

Wildland Fire:

Wildland-Urban Interface (WUI):
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FUELS CLASSIFICATION 

Reliable estimates of fire behavior must consider the relationship of fuels to the fire environment 
and the variations in these fuels. Natural fuels are made up of the various components of 
vegetation, both live and dead, that occur on a site. The type and quantity will depend upon the 
soil, climate, geographic features, and the fire history of the site. The major fuel groups of grass, 
shrub, trees, and slash are defined by their constituent types and quantities of litter and duff 
layers, dead woody material, grasses and forbs, shrubs, regeneration, and trees. Fire behavior can 
be predicted largely by analyzing the characteristics of these fuels. Fire behavior is affected by 
seven principal fuel characteristics: fuel loading, size and shape, compactness, horizontal 
continuity, vertical arrangement, moisture content and chemical properties.  

All vegetation is considered fuel. All vegetation will burn; however, some species require more 
heat in order to ignite and propagate flame. The moisture content of vegetation is an important 
component; dry vegetation will ignite more rapidly, whereas green vegetation must lose its 
moisture before it will ignite. Consequently, shrubland vegetation with high oil content (above 
6%) will burn more quickly and hotter than vegetation with high leaf moisture levels and low oil 
content levels. More than 90% of the flaming front of a wildfire is composed of fuel less than 0.5 
inch in diameter and is consumed in minutes. Fuels larger than 1 inch in diameter are termed 
“residual” fuel and may require several hours to burn out. This larger fuel does not contribute to 
the forward rate of spread of the fire. The following factors describe the relationship between 
vegetation characteristics that affect fire behavior: 

Fuel loading is defined as the oven dry weight of fuels in a given area, usually expressed in tons 
per acre. Natural fuel loading varies greatly by vegetative or fuel types in addition to the 
different size classes of fuel particles. Vegetation types can be rated as light, moderate, or heavy. 
Each rating is an estimate of the dead or live surface fuels that are less than 3 inches in diameter. 
Although specific measurements were not taken, based on the vegetation types identified in the 
cursory survey of the Escondido Creek Preserve (Preserve), the different vegetation types can 
generally be assigned a moderate to high rating.  

Measuring the intensity, force, and destructive potential of wildfire is 
accomplished by observing flame lengths produced by burning vegetation. A 
direct relationship exists between the amount of energy released during burning 
(per second) and the length of flame generated. The standard for measuring 
energy release in the United States is the British Thermal Unit (BTU). One BTU 
is defined as the amount of energy required to increase the temperature of 1 pound 
of water 1°F (a standard kitchen match or candle flame is approximately one 
BTU).  
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�i�e and ��a�e affect the surface area to volume ratio of fuels. Small fuels have a greater surface 
area to volume ratio than larger fuels. �ead fuels are separated into four size classes: (1) grasses, 
litter, or duff less than 0.�5�inch diameter; (�) twigs and small stems 0.�5� to 1�inch diameter; 
(3) branches 1� to 3�inch diameter; and (�) large stems and branches greater than 3�inch 
diameter. The fine fuels less than 0.�5 inch in diameter are most important for fire behavior 
analysis because their ignition time is less, and their fuel moisture content changes rapidly. This 
characteristic is typical for the grasses that were identified within and adjacent to the Preserve.  

The arrangement, size, and surface area of vegetative fuels play an important role 
in fire behavior and spread potential. �ense, concentrated biomass may burn 
evenly; however, when overall size decreases and surface area increases (as seen 
in native shrub stands), burning patterns change, resulting in faster ignition and 
spread. �ive shrubland and grassland vegetation generally exhibit high surface to 
volume ratios. Standing grass, coastal sage scrub, and chaparral have high surface 
area to volume ratios, whereas forest litter and chipped or cut biomass exhibit 
very low surface to volume ratios.  

�o��a��ne��, or spacing between fuel particles, affects the rate of combustion. For example, 
fuel particles that are closely compacted have less surface area exposed and less air circulation 
between particles and thus are slower to combust. The thick duff layer found underneath a mixed 
forest is an example of a tightly compacted fuel, whereas the open, dead branches on sagebrush 
or chaparral are considered a loosely compacted fuel. � ith the exception of the on�site oak 
woodlands, the fuels on the Preserve are loosely spaced with adequate air circulation required to 
carry a fire. 

�o�i�on�al �on�inui�� is the extent of horizontal distribution of fuels at various levels or planes. 
The vegetative types within various portions of the Preserve were analyzed for horizontal 
continuity and vertical arrangement. Fuels are either rated as uniform or patchy. Uniform fuels 
are evenly distributed and occur in a continuous, non�interrupted cover across the landscape. 
Patchy fuels are not continuous.  

�e��i�al a��ange�en� is defined as the relative heights of fuels above the ground, as well as their 
vertical continuity. Both of these vegetation characteristics influence the ability of fire to reach 
various fuel levels or strata. Vegetation of various heights that can transport fire from the low�
level brush to tree canopies is called a fuel ladder and may create what is called a “crown fire.” 
� hen tall grasses and shrubs grow around trees with low hanging branches, the result is a fuel 
ladder. � hen a ground fire climbs the fuel ladder into the crowns of trees, it can spread canopy 
to canopy, creating higher fire intensity and firebrands.  
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Fuel �oi��u�e �on�en� is defined as the amount of water in fuels. The moisture content of plant 
materials plays a major role in the ignition, development, and spread of fires. Fuel moisture 
controls the current flammability of fuels both living and dead. �uring the most active growing 
periods of spring, the moisture content of plant foliage may be quite high. As the season 
progresses, a plant�s moisture content declines until late summer or early fall when the plant 
becomes dormant or completely dies. Fine fuels, less than 0.�5 inch thick, are most responsible 
for the spread of fire and have highly variable fuel moisture contents depending on the relative 
humidity of the air. �ive fuel moisture content during the peak fire season (October through 
�ecember) is estimated to be 60% to �0% in the drier open areas. This can potentially drop to 
less than 60% under extreme, dry wildfire conditions. 

There are two types of fuel moisture values to consider: (1) dead fuel moisture, 
with measurements of 1�, 10�, 100�, and 1,000�hour time�lag; and (�) live fuel 
moisture.  

�ead �uel �oi��u�e percentages are determined by temperature, aspect, time of day, relative 
humidity, and time of year. One�hour time�lag fuel is less than 0.5 inch thick, 10�hour time�lag 
fuel is between 0.5 inch and 1 inch thick, 100�hour time�lag fuel is between 1 and 3 inches thick, 
and 1,000�hour time�lag fuel is greater than 3 inches thick. One�hour time�lag fuel can reach 
equilibrium with the surrounding atmosphere in 1 hour, or within minutes when air temperature 
exceeds �0°F and relative humidity is below �5%. One�hour time�lag fuel moisture may be 
calculated using a set of tables that reference time of day, month, aspect, slope, temperature, and 
relative humidity. Ten�hour, 100�hour, and 1,000�hour time�lag fuel can take up to 10 hours, 100 
hours, or 1,000 hours to reach equilibrium with the surrounding atmosphere, respectively. �n 
Southern California, 1�hour, 10�hour, and 100�hour time�lag fuels are usually given equal value. 
One thousand hour time�lag fuel, which occurs in more heavily wooded environments (i.e., 
timber), is generally used in measuring drought effects. Forests are considered “critical” when 
1,000�hour fuel measurements are less than 15% (as a frame of references, kiln�dried wood 
moisture averages ��%).  

�espite variations in the topography and disturbance history of the Preserve, 
vegetative cover is classified into four main types: grass, chaparral, coastal sage 
scrub, and woodland. Frequent fires have created low�volume fuel beds 
throughout much of the Preserve. Although most fuels occur in the 1�hour size 
class, pockets of 10� and 100�hour fuels can be found, primarily in the woodland 
vegetation types on site. 

�i�e �uel �oi��u�e is described as the moisture in leaves and woody portions of a plant. Field 
measurements of live fuel moistures are calculated by cutting small branches (less than 3 inches 
in diameter), weighing the branch, placing it in a low� temperature oven for 1� hours, removing 
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the branch, and weighing it again. The difference in weight is the loss of moisture in the leaves 
and woody portion of the branch. Consequently, live fuel moisture may exceed 100% of the dry 
weight of the plant. �ive fuel moisture is the highest in the spring and early summer, and the 
lowest in late summer, fall, and early winter. This measurement is a valuable tool in predicting 
wildfire potential for a general area. 

Chaparral and coastal sage scrub are common Southern California vegetation 
types found in many upland locations and generally have reduced fuel moisture 
levels. Conversely, riparian vegetation, including willow (����� spp.), coast live 
oak (������� ���������), and mulefat (��������� �����������), has higher leaf 
moisture values than vegetation growing in drier, more xeric sites. The 
importance of fuel moisture in examining fire hazard is that higher moisture levels 
ultimately require higher BTU output to ignite or sustain ignition. Consequently, 
fuel arrangement, along with fuel chemical�moisture content, plays an important 
role in wildfire combustion, spread, and heat output. Fuel moisture is a significant 
component, as vegetation requires external heat and energy to reduce moisture 
levels before it will ignite. �igh winds, low relative humidity, and�or high 
temperatures begin the process of removing fuel moisture, thus allowing 
vegetation to ignite and burn more rapidly. Consequently, lower fuel moisture 
values, including both dead and live fuel moistures, result in increased fire 
intensity. Moisture�laden fuels inhibit complete combustion while simultaneously 
producing excessive smoke output. 

Fuel ��e�i�al ��o�e��ie� include the presence of volatile substances such as oils, resins, wax, 
and pitch. These also affect the rate of combustion. Chaparral and sage scrub vegetation have 
high amounts of these volatile substances that contribute to rapid rates of spread and high fire 
intensities.  

Oil and moisture contents vary between fuels and fluctuate depending on the time 
of year. For example, black sage may have an oil content approaching �0% of its 
weight in dry summer or autumn months, but, in the spring, when sufficient 
groundwater is available, moisture content values can exceed 300%. � hen 
stressed during extreme dry weather conditions, numerous chaparral and coastal 
sage scrub species may react explosively when moisture falls below 60%, 
whereas larger shrubs may require higher energy to sustain ignition. 

FUEL MODELS 

All nine fuels characteristics are descriptors that help define the 13 standard fuel models 
(Anderson 19��), the more recently developed �0 fuel models (Scott and Burgan �005), and five 
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custom fuel models developed for Southern California (� eise and Regelbrugge 199�). Seven 
fuel models (models 1, �, 9, SCA� 1�, �S�, S��, and TU5) were used in the FlamMap analysis 
for the Preserve and are required inputs for the mathematical fire spread computations. 
Additionally, one non�burnable model (model 9�) was utilized to represent non�fuel areas (e.g. 
roads)). Table 1 provides details of the six fuel models used in the analysis conducted for 
Preserve. 

Table 1 
Fuel Model Characteristics 

Fuel Model Description Tons/acre; Btu/lb 
Fuel Bed Depth 

(Feet) 
1 Short grass 0.7 tons/acre; 8,000 Btu/lb 1.0 
8 Closed timber litter 5.0 tons/acre; 8,000 Btu/lb 0.2 
9 Hardwood litter 3.5 tons/acre; 8,000 Btu/lb 0.2 
SCAL18 Sage/buckwheat 9.7 tons/acre; 9,200 Btu/lb 3.0 

GS2 
Moderate load, dry climate grass-
shrub 

2.6 tons/acre; 8,000 Btu/lb 1.5 

SH7 Very high load dry scrub 14.4 tons/acre; 8,000 Btu/lb 6.0 

TU5 
Very high load, dry climate timber-
shrub 14.0 tons/acre; 8,000 Btu/lb 1.0 

WILDLAND FIRE BEHAVIOR MODELING 

Fire behavior was analyzed for the Preserve site using FlamMap fire behavior modeling software 
and local topographic, fuels, and weather data. The FlamMap output data provide an indication 
of how vegetative fuels will burn under specific fuel, weather, and topographical conditions. The 
FlamMap (version 3.0) fire behavior software package (Finney 2004) is a geographic 
information system (GIS)-driven computer program that incorporates fuels, weather, and 
topography data in generating static fire behavior outputs, including values associated with flame 
length, rate of spread, and fireline intensity. It is a flexible system that can be adapted to a variety 
of specific wildland fire planning and management needs.  

The calculations that result from FlamMap are based on the BehavePlus Fire Modeling System 
algorithms but result in a geographically distinct data set based on GIS inputs.  FlamMap model 
outputs allow wildland resource managers to predict rate of spread, fireline intensity, and flame 
length, which provide important insights about the characteristics of wildfire spread within and 
adjacent to high-value areas, whether residential structures or preserved sensitive habitats.  Each 
of the input variables used in FlamMap remain constant at each location, meaning that the input 
variables are applied consistently to each grid cell and the fire behavior at one grid cell does not 
impact that at a neighboring grid cell.  Essentially, the model presents a “snapshot” in time and 
does not account for temporal changes in fire behavior or the movement of fire across the 
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landscape.  �s such, the results of the models contained herein should be utilized as valuable 
information sources and tools to prioritize fuel treatment options rather than an exact 
representation of how a fire would behave on the Preserve. 

The basic assumptions and limitations of FlamMap are� 

• The fire model output describes fire behavior only in the flaming front.  The primary 
driving forces in the predictive calculations are the dead fuels less than 0.2� inch in 
diameter.  These are the fine fuels that carry fire.  Fuels greater than � inch in diameter 
have little effect to carry fire, and fuels greater than 3 inches in diameter have no effect.  

• The model bases calculations and descriptions on a wildfire spreading through surface 
fuels that are within � feet of the ground and contiguous to the ground.  Surface fuels are 
often classified as grass, brush, litter, or slash. 

• The software assumes that weather is uniform.  �owever, because wildfires almost 
always burn under non-uniform conditions, length of projection period and choice of fuel 
must be carefully considered to obtain useful predictions. 

• The FlamMap fire behavior computer modeling system provides the average length of the 
flames, which is a key element for determining defensible space distances for minimizing 
structure ignition.   

Fuel models used in the FlamMap analysis are classified into four groups based upon fuel 
loading (tons�acre), fuel height, and surface to volume ratio. Fuel model classifications were 
made during field analysis and in conjunction with available vegetation maps of the �eserve. 
The following list of fuel types describes the classification of fuel models based on vegetation 
type� 

• Grasses Fuel, Models � through 3. These models represent the fast moving, light, flashy 
fuels found in grassland landscapes. 

• Brush Fuel, Models 4 through �, S��� �4 through ��. These models are designed to 
represent the higher-intensity chaparral and sage scrub dominated landscapes. 

• Timber Fuel, Models � through �0. Timber models are selected to represent the riparian 
woodland or ornamental forested landscapes. 

• �ogging Slash, Fuel Models �� through �3. These models are used to represent slash� 
none were utilized for the Preserve.  
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FLAMMA� F�EL MODEL IN���� 

FlamMap software re�uires a minimum of � input files that represent field conditions in the 
study area, including elevation, slope, aspect, fuel model, and canopy cover. Each of these files 
was created as a raster geographic information system (GIS) file in �rc �iew �.3.� software, 
exported as an �S�II grid file, then utilized in creating a F��SITE �andscape file that served as 
the base for the FlamMap runs. The resolution of each grid file and associated �S�II file that 
was used in the models described herein is 3 meters, based on available digital elevation models 
(�EMs). In addition to the �andscape file, wind and weather data are incorporated into the 
model inputs. The output files chosen for each of the modeling runs included flame length (feet) 
and fireline intensity (BT��ft�sec). Figures �-� through �-4 depict the results of each of the four 
modeling runs and exhibit each of these output variables.  

The following provides a description of the input and output variables used in processing the 
FlamMap models. In addition, data sources are cited and any assumptions made during the 
modeling process are described. 

�. Elevation. Elevation data were derived from a 3 meter resolution Interferometric 
Synthetic �perture �adar (IfS��) measurement for coastal Southern �alifornia, ac�uired 
from the �ational �ceanic and �tmospheric �dministration (����) �oastal Services 
�enter. This data were utilized to create an elevation grid file, using units of feet above 
mean sea level. The elevation data are a necessary input file for FlamMap runs and are 
necessary for adiabatic (i.e., a process that happens without loss or gain of heat) 
adjustment of temperature and humidity and for conversion of fire spread between 
horizontal and slope distances (Finney 2004). 

2. Slope. �sing Spatial �nalyst tools, a slope grid file was generated from the elevation grid 
file. Slope measurements are represented in percent of inclination from horizontal. The 
slope input file is necessary for computing slope effects on fire spread and solar radiance 
(Finney 2004). 

3. Aspect. �sing Spatial �nalyst tools, an aspect grid file was generated from the elevation 
grid. �spect values are presented in azimuth degrees and are important in determining 
solar exposure. 

4. Fuel Model. �egetation coverage data in the form of a GIS shapefile were used in this 
analysis to create a fuel model file. �erived from �udek�s vegetation mapping data 
(�udek 20��), the vegetation types were classified according to existing �ational Forest 
Fire �aboratory (�FF�) and BehavePlus fuel models, and the data file was converted to a 
grid file for inclusion in FlamMap modeling. Table 2 presents the vegetation and 
associated fuel type classifications for the Preserve. 
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�. �anop� �ove�. �anopy cover is a re�uired file for FlamMap operations. It is necessary 
for computing shading and wind reduction factors for all fuel models. �anopy cover is 
the horizontal percentage of the ground surface that is covered by tree crowns. �anopy 
cover is measured as the horizontal fraction of the ground that is covered directly 
overhead by tree canopy. �rown closure refers to the ecological condition of relative tree 
crown density. Stands can be said to be �closed� to recruitment of canopy trees but still 
only have 40� or �0� canopy cover (Finney 2004). �overage units can be categories (0�
4) or percentage values (0��00). Table 2 presents canopy cover assignments for each 
vegetation type�fuel model  

Table 2 
Fuel Models and Associated Canopy Cover Values 

Vegetation Community/Land Cover Fuel Model Canopy Cover Value 
Coast Live Oak Woodland 9 3 
Diegan Coastal Sage Scrub SCAL18 0 
Disturbed Habitat 1 0 
Eucalyptus Woodland TU5 3 
Non-native Grassland 1 0 
Non-native Vegetation GS2 0 
Orchard 9 2 
Southern Coast Live Oak Riparian Forest 8 3 
Southern Mixed Chaparral SH7 0 
Southern Riparian Woodland 8 2 
Southern Willow Scrub 8 2 
Urban/Developed 98 0 
Valley Needlegrass Grassland 1 0 

Weather 

In order to utilize weather and fuel moisture variables for the Preserve, data from the �mmo 
�ump �emote �utomated � eather Station (��� S) was analyzed. � hile data from the 
Sweetwater weather station was used to evaluate temperature and precipitation for the Preserve, 
utilization of ��� S data is necessary for fire behavior modeling as it includes data for fuel 
moisture conditions (unavailable from the Sweetwater weather station). �s of the date of this 
report, no ��� S are located on the Preserve property. The �mmo �ump ��� S is located 
approximately 22 miles to the north-northwest of the Preserve and is located in a similar inland 
position as the Preserve. � hile the �alley �enter ��� S is located closer to the Preserve, it is 
more than �0 miles further inland, and is placed at an elevation approximately 400 feet higher 
than the Preserve. The following summarizes the location and available data ranges for the 
�mmo �ump ��� S� 
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• �atitude� 33.3��3�� 

• �ongitude� -���.2����� 

• Elevation� �,0�� feet 

• �ata years� 200� to 20�0. 

� ind and weather data are a re�uired component to fire behavior modeling efforts. The �mmo 
�ump ��� S data was processed with the FireFamily Plus v. 4.0.2 (FireFamily Plus 200�) 
software package to determine summer (�0th percentile) and fall (��th percentile) weather 
conditions to be incorporated into the Initial Fuel Moisture file used as an input in FlamMap. 
� ind direction and wind speed values for the two FlamMap runs were manually entered during 
the data input phase. �ll other weather data were held constant for each of the FlamMap runs. 
Table 3 summarizes weather and fuel moisture data inputs used for both summer and fall 
weather conditions. 

Table 3  
FlamMap Weather Input Variables 

Model Variable 50th Percentile Weather 97th Percentile Weather (w/ Max. Wind) 
1 h fuel moisture 7% 2% 

10 h fuel moisture 9% 3% 
100 h fuel moisture 16% 8% 

Live herbaceous moisture 60% 30% 
Live woody moisture 90% 60% 

20 ft wind speed (mph) 10 mph 50 mph (maximum observed Fall wind speed) 
Wind direction 225 degrees 45 degrees 

Slope steepness Variable by location Variable by location 

mph = miles per hour 

FlamMap Fuel Model Outputs 

Two output grid files were generated for each of the two FlamMap runs, and include 
representations of flame length (feet) and fireline intensity (BT��feet�second), as shown in 
Figures �-� through �-4. The aforementioned fire behavior variables are an important 
component in understanding fire risk and fire agency response capabilities. Flame length, the 
length of the flame of a spreading surface fire within the flaming front, is measured from 
midway in the active flaming combustion zone to the average tip of the flames (�ndrews, 
Bevins, and Seli 2004). It is a somewhat subjective and non-scientific measure of fire behavior, 
but is extremely important to fireline personnel in evaluating fireline intensity and is worth 
considering as an important fire variable (�othermel ����). Fireline intensity is a measure of 
heat output from the flaming front, and also affects the potential for a surface fire to transition to 
a crown fire and is another important variable in initial attack and fire suppression efforts. The 
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information in Table 4 presents an interpretation of these fire behavior variables as related to fire 
suppression efforts. 

Table 4 
Fire Suppression Interpretation 

Flame Length (feet) Fireline Intensity (Btu/ft/s) Interpretations 

Under 4 Under 100 
Fires can generally be attacked at the head or flanks by persons 
using hand tools. Hand line should hold the fire. 

4 to 8 100 to 500 
Fires are too intense for direct attack on the head by persons using 
hand tools. Hand line cannot be relied on to hold the fire. Equipment 
such as dozers, pumpers, and retardant aircraft can be effective.  

8 to 11 500 to 1000 
Fires may present serious control problems—torching out, crowning, 
and spotting. Control efforts at the fire head will probably be 
ineffective. 

Over 11 Over 1000 
Crowning, spotting, and major fire runs are probable. Control efforts 
at head of fire are ineffective. 

Source� BehavePlus 3.0.2 fire behavior modeling program (�ndrews, Bevins, and Seli 2004) 

The fire behavior analysis results for the Preserve vary depending on fuel type. �s FlamMap 
utilizes site-specific digital terrain data (including slope, vegetation, aspect, and elevation data) 
slight variations in predicted flame length and fireline intensity values can be observed based on 
fluctuations of these attributes across the landscape. �s presented, wildfire behavior in each of 
the fuel types varies depending on weather conditions. Given the climatic, vegetation, and 
topographic characteristics along with the fire history and fire behavior modeling results 
discussed in this �MP, the Preserve is determined to be vulnerable to wildfire starting in, 
burning onto, or spotting onto the site. Based on this information, adjacent residential 
development, and the fire history of the area, it is expected that wildfires will occur on the 
Preserve in the future.  

�nder extreme fall weather conditions (��th percentile fuel moistures and maximum recorded 
wind speeds of �0 miles per hour), fire can move rapidly through the site�s fuels. � orst-case 
flame lengths were calculated at approximately 4� feet in chaparral vegetation types and 
approximately 4� feet in sage scrub vegetation on slopes exceeding �0� throughout the 
Preserve. Spread rates on site may exceed � miles per hour in dry flashy fuels (grasses and scrub) 
under extreme weather and slope conditions. Finally, under extreme weather and wind 
conditions, fireline intensity values may exceed 24,000 Btu�feet�second limiting the options for 
fire response personnel and emphasizing the importance of fuel modification and defensible 
space for adjacent residences. 

It should be noted that the modeling results depict values based on inputs to the FlamMap 
system. �ariations in weather or pockets of different fuel types are not accounted for in this 
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analysis. �dditionally, the scale of analysis (3 s�uare meters) limits fine-scale analysis and 
interpretation. Model results should be used as a basis for planning only, as actual fire behavior 
for a given location will be affected by many factors, including uni�ue weather patterns, small-
scale topographic variations, or changing vegetation patterns that could not be obtained for this 
analysis. 
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