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Fifteen forest models were built for SW Oregon and four additional models for adjoining areas are likely to be applied. These models are listed below.
 

	Name
	Model
	Source
	Description

	S401mh
	smh
	SWO
	Mountain hemlock cold-dry

	S402rm
	srm
	SWO
	Shasta red fir moist

	S403wo
	swo
	SWO
	Oregon white oak

	S404jp
	sjp
	SWO
	Jeffrey pine

	S405hc
	shc
	SWO
	Western hemlock coastal

	S406to
	sto
	SWO
	Tanoak moist (wo conifers)

	S07tm
	stm
	SWO
	Tanoak/Douglas fir moist

	S408td
	std
	SWO
	Tanoak/Douglas fir dry

	S409dd
	sdd
	SWO
	Douglas fir dry

	S410dm
	sdm
	SWO
	Douglas fir moist

	S411wx
	swx
	SWO
	Western hemlock hyperdry (Cascades)

	S412lx
	slx
	SWO
	Lodgepole cold

	S413cw
	scw
	SWO
	White fir cool

	S414vw
	svw
	SWO
	White fir warm-moist

	S415iw
	siw
	SWO
	White fir intermediate

	C217al
	sal
	COLA
	Subalpine parkland 

	N513mi
	smi
	NWO
	Mountain hemlock intermediate-wet

	N514si
	ssi
	NWO
	Pacific Silver fir intermediate

	N516sw
	ssw
	NWO
	Pacific Silver fir warm


S401mh: Mountain Hemlock cold-dry: A mountain hemlock model was developed to cover both SW Oregon and COLA. The two common cover types are lodgepole pine (LP) and mountain Hemlock (MH). In addition a white pine cover type (WP) applies to root rot areas east of the Cascade crest. Further model documentation is contained in mthemcold_SWO&COLA.doc. 
Grass/forb areas in the LP cover type regenerate to lodgepole after 5 years. Twenty-five percent of grass/forb areas in the MH cover type regenerate to lodgepole after 5 years. The remaining acres regenerate to mountain hemlock after an average of 40 years.
The lodgepole cover type contains open single-story and med-dense multi-story stands. Stands move from open to med-dense condition after 30 years without fire and eventually transition to mountain hemlock. All wildfires are stand-replacing. In stands pole size and larger the open condition only occurs via a thinning treatment to reduce fuels. After a fire stands regenerate back to lodgepole. 

Mountain pine beetle (MPB) outbreaks are modeled in the lodgepole cover type. A root disease-beetle (RDBT) disturbance applies to dense mountain hemlock stands > 10” dbh. Mountain pine beetles selectively kill lodgepole while root disease primarily kills mountain hemlock and true firs. Following these disturbances stands move to a lodgepole pole post-disturbance class which has an elevated probability of being burned in a fire. After 15 years in this post-disturbance class (assuming they don’t burn) 50% of the stands stay in lodgepole and 50% move to the mountain hemlock pole state. 

The mountain hemlock cover type contains open single, med-dense single, and med-dense multi-story stages. Stands move from open to med-dense condition after 40 years. Stands move from single to multi story at a rate of 4%/year after a 20 year lag. Without fire and other disturbances all stands become med-dense and multi-storied. After a fire 25% of stands are assumed to regenerate to lodgepole and 75% to mountain hemlock.

Fire regime: All SR at fire return interval (FRI) of 275 years

S402rm: Shasta Red fir moist: The only cover type is red fir. Regeneration takes 15 years following a replacement fire. Harvested and salvaged sites may be planted. State classes are open-single, med-dense single, and med-dense multi. Stands move from the open to med-dense state after 35 years without a disturbance (GroCan TSD=35). Stands move from single to multi-story at a 10% rate after a 20 year lag (USDev; 10%/year after 20 year lag).
A root disease-beetle (RDBT) disturbance was applied to med-dense stands > 10” dbh. Transition rates are 0.001 for 10-15” stands and 0.002 for stands > 15” dbh. 
Fire Regime: NL or MS @ 75 year FRI; SR @ 250 year FRI. The overall FRI is 58 years. Mixed severity wildfire moves stands to open single-story (post disturbance) states.

S403wo: Oregon white oak:  This model applies to dry sites where conifer invasion is not significant. Classes are open single-story and med-dense multi-story. Classes move from open single to med-dense after 50 years without a fire.
Fire regime: NL or MS @ 10 year FRI; SR at 250 year FRI. The overall FRI is 10.

Historically these areas burned frequently maintaining an open oak savannah. After above-ground stems are killed almost all oak resprouts following a fire. 

S404jp: Jeffrey Pine: This model contains open and med-dense single-story stands. Stands move to med-dense condition after 35 years without a fire. An annual mortality rate of 0.003 is applied for Jeffrey pine beetle (JFB) to dense stands 10-15” dbh. This is increased to 0.006 for dense stands > 15” dbh.
Fire regime: NL or MS @ 8 year FRI; SR @ 400 year FRI. Historically open single-story stands were maintained by frequent fire with stand replacement fires rare. At present fires may be stand-replacing due to excess fuels. 
S405hc: Western Hemlock coastal:  Cover types are Douglas fir (DF) and Western Hemlock (WH). It takes 200 years to develop a western hemlock cover type. Natural stands regenerate in 5 years. Harvested or salvaged stands may be planted. Classes are med-dense single story and dense (> 60% cc) multi-story. Stands move to dense multi-story at a rate of 10%/year after a lag of 15 years. Thinning or mixed severity fire may move stands back to single story states.
A root disease/bark beetle (RDBT) disturbance is applied to med-dense and closed density classes. For 15-20” stands the rate used was 0.002. This was increased to 0.005 for classes > 20” dbh. A catastrophic windthrow rate of 0.0005 (1 in 2000) was applied to pole and larger stands. This can be modeled as an episodic event if desired (e.g. 5% blowdown every 100 years). 

Fire Regime: MS @ 80 year FRI; SR @ 250 year FRI. The overall FRI is 61 years.

S406to: Tanoak moist: This model applies to persistent tanoak stands not over-topped by conifers. Stands greater than pole size are modeled as dense and multi-story. Tanoak vigorously sprouts following fire and single-story stands are short-lived and inconsequential. No insect, disease, or management transitions are applied.
Fire regime: MS @ 30 year FRI and SR at 250 year FRI.

S407tm: Tanoak/Douglas fir moist: This model applies to areas where tanoak is persistent but out-competed by conifers. The cover types are tanoak (e.g. stands < 10 years of age) and Douglas fir. Because of tanoak presence, stands small-tree size and larger (> 10” dbh) are multi-story. The two density classes are med-dense (<60% cc) and dense (>60% cc). Stands move from med-dense to dense after 20 years without a fire or treatment. Insects and disease do not cause significant stand mortality and are not modeled.
Fire regime: MS @ 50 year FRI; SR @ 250 year FRI. The overall FRI is 42 years.
S408td: Tanoak/Douglas fir dry: Two cover types, tanoak (TO) and Douglas fir (DF), apply. On these drier sites moisture stress and tanoak competition increase the time of both regeneration and early stand growth. Because of persistent tanoak, stands small tree size and larger are multi-story. Density classes are med-dense and dense. Stands move to the dense class after 30 years without a disturbance (fire or thin). A Douglas fir beetle (DFB) transition applies to stands > 10” dbh. A mortality rate of 0.002 was applied to med-dense stands and a rate of 0.005 was applied to dense stands.
Fire regime: MS @ 30 year FRI; SR @ 250 year FRI. The overall FRI is 27 years.

S409dd: Douglas fir dry: This model contains just a Douglas fir (DF) cover type. Classes include open and med-dense single story and med-dense multi-story. Stands move from open to med-dense after 30 years without a stand reducing disturbance (fire or thin).  Stands move from single to multi story at a rate of 4%/year after a 20 year lag. A Douglas fir beetle (DFB) transition applies to stands > 10” dbh. A mortality rate of 0.002 was applied to med-dense stands and a rate of 0.005 was applied to dense stands.
Fire Regime: NL or MS @ 10 year FRI; SR @ 225 year FRI.  Historically frequent surface fires maintained stands in an open single-story condition. A prescribed burning treatment applied to open classes enables maintenance of this condition. 

S410dm: Douglas fir moist: This model also contains just a Douglas fir (DF) cover type. Classes are med-dense and dense single story and dense multi-story. Stands move from med-dense to dense after 30 years without a stand reducing disturbance (fire or thin).  Stands move from single to multi story at a rate of 5%/year after a 20 year lag. A Douglas fir beetle (DFB) transition applues to stands > 10” dbh. A mortality rate of 0.003 was applied to med-dense stands and a rate of 0.008 was applied to dense stands.
Fire Regime: NL&MS @ 40 year FRI; SR @ 250 year FRI. The overall FRI is 34 years.

S411wx: Western Hemlock hyperdry (Cascades): Cover types are Douglas fir (DF) and western hemlock (WH). Western hemlock becomes dominant in stands older than 225 years. Classes are open single-story and medium and dense multi-story. It takes 30 years without fire to move from open to med-dense states.
A root disease / beetle (RDBT) transition is applied to stands > 15” dbh. The mortality rates are 0.002 for open stands and 0.004 for med-dense stands. A wind disturbance also applies.
Fire regime: NL or MS @ 50 year FRI; SR @ 250 year FRI. The overall FRI is 42 years.

S412lx: Lodgepole cold: This model applies to cold air pockets and other high elevation areas supporting persistent lodgepole. These areas are generally not managed. Only one density class (med-dense) is modeled.  All fires are stand-replacing. Following a fire stands go to a grass/forb state which has a low probability of a subsequent fire. Following a mountain pine beetle outbreak stands go to a post disturbance class which has an elevated wildfire probability. The expected fire return intervals by class varies from 60 years for the small tree and post disturbance class to 240 years for the grass/forb state which follows a fire. 
Fire Regime: SR @ 100 year FRI. Periodic mountain pine beetle outbreaks followed by stand-replacing fires are the normal condition in this PVT.

White Fir Models: Three models represent white fir sites. The same general wildfire severity assumptions apply to these models. 
S413cw: White fir cool: Following stand-replacement events sites regenerate to red fir. Stand greater than 100 years of age are generally multi-storied with a mixture of red and white fir. Cover types are red fir (RF) and red fir/white fir (RFWF). Classes modeled are med-dense single-story and med-dense multi-story. Stands move from single to multi story at a rate of 4%/year after a 20 year lag. The RDBT transition is applied to stands > 10” dbh. The mortality rate for open single-story was set at 0.0025 and the rate for med-dense two-story was 0.005
Fire regime: MS & NL @ 80 year FRI; SR @ 300 FRI. The overall FRI is 63 years.

S414vw: White fir warm-moist: This model is similar to the cool model with faster transition times and dominance by Douglas fir rather than red fir. The cover types are Douglas fir (DF) and Douglas fir/white fir (DFWF). Classes modeled are med-dense single-story and med-dense multi-story. Stands move from single to multi story at a rate of 5%/year after a 20 year lag.
The RDBT transition is applied to stands > 10” dbh. The mortality rate for open single-story was set at 0.003 and the rate for med-dense two-story was 0.006. 
Fire regime: MS & NL @ 60 year FRI; SR @ 275 FRI. The overall FRI is 49 years.

S415iw: White fir intermediate: This model is like the moist-warm model with slower transition times and more historic wildfire. The cover types are Douglas fir (DF) and Douglas fir/white fir (DFWF). Classes are low-density single-story and med-dense multi-story. Stands move from single to multi story at a rate of 4%/year after a 20 year lag. The rates for RDBT are slightly lower in this model. The RDBT transition is applied to stands > 10” dbh. The mortality rate for open single-story was set at 0.002 and the rate for med-dense two-story was 0.004.
Fire regime: MS & NL @ 25 year FRI; SR @ 250 FRI. The overall FRI is 23 years.

C217al: Subalpine parkland: Regeneration from a grass/forb to a conifer stand is slow and may exceed 50 years.
Fire Regime: Wildfires on an approximate 200 year frequency maintain a mosaic of conifers and openings.
N513mi: Mountain hemlock intermediate: This model applies to mountain hemlock areas west of the cascade crest distinguished by the presence of VAME (blue huckleberry). The tree species (mtn hemlock, lodgepole pine, Pacific silver fir, noble fir, and Douglas fir) present in this model are represented by a mountain hemlock (MH) and a lodgepole pine (LPP) cover types. Lodgepole stands do not achieve closed canopy in the model, and only grow into the medium tree size class. However, mountain hemlock stands may exceed 30” dbh on these more productive sites.
Root rot was considered endemic and was not modeled.  Mountain pine beetle affects the larger lodgepole pine every 50 years sending the pixels back to post disturbance.  Spruce budworm affects 60% of the mountain hemlock with a return interval of over 500 years.  

Fire Regime: All fires stand-replacing with a FRI of about 370 years.
N514si: Silver fir intermediate: This model, developed for NW Oregon, also applies to higher elevation silver fir in SW Oregon. The Pacific silver fir zone occurs at higher elevations than the western hemlock series. Wildfire regimes are not significantly departed from historic conditions. Only one cover type named DFSFmix (Douglas fir/Silver fir mix) is included. Multi-story stands are assumed to have an understory composed mostly of more shade tolerant silver fir. Endemic fir engraver (FE) and spruce budworm (SBW) disturbances are applied and primarily affect the rate of stand growth. Windthrow is a significant factor with 5% of stands assumed to blow down every 50 years.
Fire regime: MS & NL @ 435 year FRI; SR @ 370 FRI. The overall FRI is 200 years. 
N516sw: Silver fir warm: This model applies to lower elevation silver fir sites. This model is structured similarly to the Silver Fir intermediate model but has faster transition times due to higher productivity. Fire regime: MS & NL @ 255 year FRI; SR @ 400 FRI. The overall FRI is 156 years. 
Historic Fire Regimes: Wildfire probabilities used in the models are based on the historic wildfire regimes. In VDDT the amount and severity of wildfire varies by class. These numbers reflect the proportion of fires that were stand-replacing under the historic regime. Due to the build-up of fuels resulting from fire suppression, a greater proportion of wildfires are now stand-replacing. 
	Table 1: Historic Fire Regimes

	Model name
	Model code
	Non-lethal& mixed FRI (NL/MS)
	Stand-replacement FRI (SR)
	All wildfires FRI

	Mountain hemlock cold-dry
	S401mh
	--
	275
	275

	Shasta red fir moist
	S402rm
	75
	250
	58

	White oak
	S403wo
	10
	250
	10

	Jeffrey pine
	S404jp
	8
	400
	8

	Western  hemlock coastal
	S405hc
	80
	250
	61

	Tanoak moist
	S406to
	80
	250
	61

	Tanoak/Douglas fir moist
	S407tm
	50
	250
	42

	Tanoak/Douglas fir dry
	S408td
	30
	250
	27

	Douglas fir dry
	S409dd
	10
	225
	10

	Douglas fir moist
	S410dm
	40
	250
	34

	Western hemlock hyperdry 
	S411wx
	50
	250
	42

	Lodgepole cold
	S412lx
	--
	100
	100

	White fir cool
	S413cw
	80
	300
	63

	White fir warm-moist
	S414vw
	60
	275
	49

	White fir intermediate
	S415iw
	25
	250
	23

	Mountain hemlock intermediate
	N513mi
	--
	375
	375

	Pacific Silver fir intermediate
	N514si
	435
	370
	200

	Pacific Silver fir warm
	N516sw
	256
	400
	156


Incorporating wildfire data into the models.

Three disturbance transitions model wildfire.

WFNL: Wildfire-nonlethal portrays underburns that maintain a stand in a given state. These burns remove or kill less than 25% of the forest canopy.

WFMS: Wildfire-mixed-severity portrays burns that kill 25 to 75 % of the canopy. Following these events stands generally move to a lower density state and from multi to single story states. These “post-disturbance” classes have important wildlife snags but may also have increased wildfire risks. 

WFSR: Wildfire-stand-replacement (i.e. “lethal” wildfires) portrays burns that result in greater than 75% mortality and essentially kill the stand. 

The proportion of wildfires that are non-lethal, mixed-severity, or stand-replacing varies based on the stand size and structure. Large, open, single-story stands are most resistant to stand-replacing fires while dense, multi-story stands are least resistant. To insure that wildfire probabilities are consistently applied in VDDT a spreadsheet was developed to assign wildfire probabilities by severity class to each VDDT class. 
To complete this worksheet the average fire return interval (in years) is entered into the “all fires” INT field. In the table below this number is 27 years for model “td” and 10 years for model “dd”. Note that a FRI of 10 years corresponds with an annual wildfire probability of 0.10 or 10%/year. The user then estimates the proportion of fires by severity class and enters these into Fac fields for each severity class.
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Current Fire Regimes: These models contain wildfire probabilities based on the presumed “historic” fire regime. Currently most wildfires are suppressed and the overall burn rates are lower than they were historically. To adjust the models to reflect current conditions transition multipliers must be applied to the historic wildfire probabilities. The multipliers and assumed “current” fire return interval for each model are shown below. Further analysis is needed to better estimate the “current” probability of wildfire.
	Table 2: Multipliers used to model “current” wildfire probabilities



	Model name
	Code
	Historic

 FRI
	Current

FRI
	Multiplier

	Mountain hemlock cold-dry
	S401mh
	275
	275
	1

	Shasta red fir moist
	S402rm
	58
	150
	0.39

	Oregon white oak
	S403wo
	10
	50
	0.20

	Jeffrey pine
	S404jp
	8
	50
	0.16

	Western  hemlock coastal
	S405hc
	61
	150
	0.41

	Tanoak moist 
	S406to
	33
	100
	0.33

	Tanoak/Douglas fir moist
	S407tm
	42
	100
	0.42

	Tanoak/Douglas fir dry
	S408td
	27
	100
	0.27

	Douglas fir dry
	S409dd
	10
	50
	0.20

	Douglas fir moist
	S410dm
	34
	100
	0.34

	Western hemlock hyperdry 
	S411wx
	42
	100
	0.42

	Lodgepole cold
	S412lx
	100
	100
	1

	White fir cool
	S413cw
	63
	150
	0.42

	White fir warm-moist
	S414vw
	49
	150
	0.33

	White fir intermediate
	S415iw
	23
	100
	0.23

	Subalpine parkland
	C217al
	200
	200
	1

	Mountain hemlock intermediate
	N513mi
	370
	370
	1

	Pacific Silver fir intermediate
	N514si
	200
	200
	1

	Pacific Silver fir warm
	N516sw
	156
	200
	0.78


Cover type codes used in the models are as follows:

DF
 Douglas fir


RF
red fir

DFWF
 Douglas fir/white fir

RFWF
red fir/white fir
JP
 Jeffrey pine


TO
tan oak

LP
 lodgepole pine 

WH
western hemlock
MH
 mountain hemlock
 
WO
white oak

Canopy layers are single (sg) or multi story (mu). Stands pole size and smaller are considered single-story. Density classes are based on canopy cover. The categories are Open (10 to 40% cc), Med (40 to 60% cc), and Dense (>60% cc). Cover types, canopy classes, and density classes by model are shown in table 2.
	Table 3: Cover types, canopy classes, and density classes by model (SWO models only)

	Model code
	Cover type codes
	Canopy layers and density classes 

	S401mh
	LP, MH
	sg open; mu med

	S402rm
	RF
	sg open, sg med, mu med

	S403wo
	WO
	gg open; mu med

	S404jp
	JP
	sg open; sg med

	S405hc
	DF, WH
	sg med; mu dense

	S406to
	TO
	mu dense

	S407tm
	TO, DF
	mu med, mu dense

	S408td
	TO, DF
	mu med, mu dense

	S409dd
	DF
	sg open; sg med, mu med

	S410dm
	DF
	sg med; sg dense; mu dense

	S411wx
	DF, WH
	sg med; mu med; mu dense

	S412lx
	LP
	sg med

	S413cw
	RF, RFWF
	sg med, mu med

	S414vw
	DF, DFWF
	sg med, mu med

	S415iw
	DF, DFWF
	sg open; mu med


USDevelop: Understory development moves stands from single to multi-story states. Following a fire or treatment a minimum disturbance-free “lag time” is required to regenerate a stand and develop an understory. Table 4 shows lag times and annual rates of understory development for all models. These assumptions should be reviewed for accuracy and consistency. Understory development results from the addition of trees to a stand and may reduce the average dbh. When this transition occurs pixels move to the beginning age of the corresponding multi-story class. 
GroCan: GroCan models the growth in canopy of the existing trees within a stand. Canopy growth occurs after a set number of years without a disturbance or treatment that would cause tree mortality and reduce stocking. Canopy growth applies to open or med-dense classes and moves the class to the next higher density while normally retaining the cover type, age and structure. The existing stand age is retained (i.e. Keep Age is “True”) when making these transitions.
Alternate Succession (AltSucc): Following mixed severity disturbances pixels move to lower density “post disturbance” classes. These “post disturbance” classes contain snags and may have greater susceptibility to subsequent wildfires. The AltSucc transition moves stands from post disturbance to “normal” classes not containing extra snags. This transition occurs after a fixed numbers of years which varies by size class. Pole stands (5-10” dbh) retain snags for 10 years, small and medium stands (10-20” dbh) for 20 years, and large/giant stands (> 20” dbh) for 25 years.

Effect of stocking level on transition times: Most models have two density classes. Residence time for the highest density class is assumed to be 1.5 times that of the lower density class. This means that dense stands grow more slowly than open stands. Note also that the beginning age for each size class is always the same regardless of density. This allows the modeler to “keep the age” after a harvest treatment. Simulation runs using the Forest Vegetation Simulator (FVS) would help to better refine transition times.
	Table 4: Understory Development (USDevelop)  and Canopy Growth (GroCan) transition rates 

	
	Understory Development
	Grow Canopy

	Model code
	TSD Lag time (years)
	Annual rate (%)
	Avg years single to multi
	Time since disturbance (TSD) for cc growth to occur

	S401mh
	20
	4
	33
	30(lp), 40(mh)

	S402rm
	20
	10
	25
	35

	S403wo
	40
	5
	50
	50

	S404jp
	na
	--
	--
	35

	S405hc
	15
	10
	20
	Na

	S406to
	na
	--
	--
	Na

	S407tm
	na
	--
	--
	20

	S408td
	na
	--
	--
	30

	S409dd
	20
	4
	33
	30

	S410dm
	20
	5
	30
	30

	S411wx
	20
	5
	30
	na

	S412lx
	na
	--
	--
	na

	S413cw
	20
	4
	33
	na

	S414vw
	20
	5
	30
	na

	415iw
	20
	2
	33
	na


Insects and Disease:
Mountain pine beetle outbreaks: This disturbance is applied to the LP cover type in the smh (mountain hemlock) and slx (lodgepole cold) models. At present MPB effects occur only during outbreaks, are generally stand-replacing, and affect from 1 to 5% of each susceptible class (pole and larger) per year. Dense stands greater than 10” dbh are most susceptible to attack. Outbreaks are assumed to be 3-5 years in duration and occur every 20 years. In susceptible classes 20% of the stands are killed every 20 years. Outbreaks are localized and do not affect all of the susceptible acres at any one time. Large outbreaks could be modeled as being less frequent but with greater levels of mortality.
RDBT: Root Disease/beetles: This disturbance models the suite of factors associated with root disease (root disease, bark beetles, wood borers, mistletoe, etc.). RDBT is presently applied to multi-story stands > 10” dbh in models smh, srm, shc, swx, scw, svw, and siw. Stands revert to a pole post-disturbance state. The effects of these disturbances are shown in table 5 and disturbance probabilities are shown in table 6.
DFB: Douglas Fir Beetle: This agent causes stand mortality in the std (tanoak/Douglas fir dry), sdd (Douglas fir dry), and sdm (Douglas for moist) models (see tables 5 and 6).
JFB: Jeffrey pine beetle: This beetle is included in the Jeffrey pine model only. 
Wind : The wind  disturbance is applied to the western hemlock models (shc and swx). The assumption is that 2.5% of stands blow down in a catastrophic event every 50 years. This corresponds to an average annual rate of 0.0005.
	Table 5: Effects of key Insect disturbances

	
	
	
	Annual percent stand mortality rates

	                 Model
	                 Description
	    Agent
	Initial estimate (D.Goheen)
	Proj  Current  rate & (FRI)**
	Proj Historic rate++

	401mh
	Mtn hemlock
	RDBT
	0.50
	.50 - .50 (240)
	0.50

	402rm
	Red fir moist
	RDBT
	0.10
	.10 - .11 (120)
	0.08

	404jp
	Jeffrey pine
	JPB
	0.30
	.27 - .34 (100)
	0.01

	405hc
	West. hem. coastal
	RDBT
	0.30
	.34 - .38 (200)
	0.20

	408td
	Tanoak/DougFir dry
	DFB
	0.20
	.22 - .33 (100)
	0.10

	409dd
	Douglas fir dry 
	DFB
	0.20
	.15 - .26 (100)
	0.08

	410dm
	Douglas fir moist
	DFB
	0.30
	.29 - .38(100)
	0.15

	411wx
	West. hem. hyperdry
	RDBT
	0.20
	.15 - .24 (150)
	0.06

	413cw
	Cool white fir
	RDBT
	0.30
	 .26 - .32 (100)
	0.21

	414vw
	Moist warm white fir
	RDBT
	0.50
	.32 - .44 (100)
	0.27

	415iw
	Intermediate white fir
	RDBT
	0.30
	.22 - .32 (100)
	0.11


** Initial conditions data are not presently available to evaluate whether the models accurately project Don Goheen’s estimates under current conditions. The number in parentheses is the assumed current fire return interval (FRI). The first number in the range represents the average mortality when his FRI is used. The second number represents the mortality that occurs when all wildfires are successfully suppressed.
++ These numbers represent the mortality rates under the historic fire regime. Note that these rates are normally lower than the current rates.
	Table 6: Root disease and Bark Beetle disturbance rates

	Model name
	Agent
	Cover type
	Classes
	Ann % rate

	S401mh
	RDBT
	Mt hemlock
	med-dense; 10 – 15” dbh
	0.5

	
	
	
	med-dense; >15” dbh
	0.1

	S402rm
	RDBT
	Red fir
	med-dense; 10 – 15” dbh
	0.1

	
	
	
	med-dense; >15” dbh
	0.2

	S404jp
	JPB
	Jeffrey pine
	med-dense; 10 – 15” dbh
	0.3

	
	
	
	med-dense; >15” dbh
	0.6

	S405hc
	RDBT
	Doug fir
	med-dense & dense; 15 – 20” dbh
	0.2

	
	
	
	med-dense & dense; >20” dbh
	0.5

	S408td
	DFB
	Doug fir
	med-dense; >15” dbh
	0.1

	
	
	
	dense; >15” dbh
	0.5

	S409dd
	DFB
	Doug fir
	open; >15” dbh
	0.1

	
	
	
	med-dense; >15” dbh
	0.5

	S410dm
	DFB
	Doug fir
	med-dense; >15” dbh
	0.1

	
	
	
	dense; >15” dbh
	0.7

	S411wx
	RDBT
	Doug fir
	med-dense; >15” dbh
	0.2

	
	
	
	dense; >15” dbh
	0.4

	S413cw
	RDBT
	RF & RFWF
	med-dense; >10” dbh
	0.1

	
	
	
	dense; >10” dbh
	0.4

	S414vw
	RDBT
	DF & DFWF
	med-dense; >10” dbh
	0.15

	
	
	
	dense; >10” dbh
	0.6

	S415iw
	RDBT
	DF & DFWF
	open; >10” dbh
	0.1

	
	
	
	med-dense; >10” dbh
	0.4


Procedure to adjust model Wildfire probabilities:

Sensitivity analysis was done using 500 year runs with no between year variation. Treatments were turned off and a multiplier of 0.25 was used to model MPB outbreaks. For consistency I compared the projected area in grass/forb/shrubs (i.e. gfs) and large-giant trees (large) for years 400 to 500. I also compare the projected FRI for all fires, stand-replacement (SR) fires, and low-mixed severity fires. Results are shown in table 7.

	Table 7: Results of runs to replicate “historic” fire return intervals

	
	AVG FRI projected
	AVG FRI results
	% GFS & Large

	Model
	NL/MS
	SR
	All
	NL/MS
	SR
	All
	GFS
	Large

	401mh
	--
	275
	275
	--
	240
	240
	7
	10

	402rm
	75
	250
	58
	92
	175
	61
	7
	43

	403wo
	10
	250
	10
	10
	250
	10
	25
	65

	404jp
	8
	400
	8
	8
	294
	8
	7
	74

	405hc
	80
	250
	61
	79
	233
	59
	3
	67

	406to
	80
	250
	61
	30
	263
	29
	1
	73

	407tm
	50
	250
	42
	57
	189
	44
	7
	67

	408td
	30
	250
	27
	33
	159
	27
	16
	25

	409dd
	10
	225
	10
	10
	185
	10
	6
	57

	410dm
	40
	250
	34
	43
	175
	35
	7
	24

	411wx
	50
	250
	42
	51
	217
	41
	5
	54

	412lx
	--
	100
	100
	--
	100
	100
	23
	15

	413cw
	80
	300
	63
	81
	300
	64
	7
	35

	414vw
	60
	275
	49
	61
	270
	50
	4
	56

	415iw
	25
	250
	23
	27
	190
	24
	12
	47


Discussion:
S401mh (mountain hemlock): All fires are stand replacing with a historic FRI of 275 years. Following MPB outbreaks or root disease (RDBT) vegetation moves to the LP “pole post-disturbance” (Pp) class which is more likely to burn. I decreased the FRI for this class to 50 and increased the FRI for other classes to 300 to account for this. Grass Forb states are assumed to have a minimum lag between burns of 10 years. The result is an average FRI in yrs of 240. In years 400-500 the average area of gfs is 7% and large trees 10%. On average about 30% of the landscape is maintained in lodgepole and 70% in mountain hemlock.
S402rm (moist red fir): The average historic FRI was 58 years (75 years fir NL/MS and 250 years for SR). I decreased the FRI for the “Pp” class to 30 and changed the FRI for other classes to 60. Grass/Forb stands cannot reburn for 15 years. Wildfire intensities were varied by class. Med and large open stands have only non-lethal fires applied. For years 400-500 the model projected 7% gfs & 43% large trees. Relatively infrequent fires cause fires to be more severe when they occur. 
S403wo (white oak): Historically wildfires occurred at a 10 year interval with a stand-replacement FRI of 250 years. Large open single-story classes are essentially immune from stand replacing fire. After 400 years the area of gfs is projected to be 25% and the area of large is 65%. The SR FRI is 250 years. In this model stands > 10” dbh are considered large.
S404jp (Jeffrey pine): The estimated FRI is 8 years with a SR FRI is 400. All stands are single-story and relatively resistant to stand replacing fire. No minimum lag time between burns was set. After 400 years the projection was 7% gfs and 74% large trees which are maintained by frequent fire. The calculated SR FRI was 294 years.
S405hc (western hemlock – coastal): The estimated SR FRI is 250 with an overall 61 year FRI. Wildlife severity varies by class and young stands are assumed to not reburn for 20 years.  Because stands develop rapidly only 3% of the area is projected to be in gfs while 64% is in large trees. The calculated SR FRI was 233 years.
S406to (tanoak moist wo Douglas fir): In this model the same wildfire probabilities were applied to each class and predictable results followed.
S407tm & S408td (moist and dry tanoak/Douglas fir): Model 07tm represents moist tanoak/Douglas fir and 08td is dry tanoak/Douglas fir. The classes in these models are nearly identical and the same fire regime and wildfire probabilities were assumed in both. The model results are radically different however. The “moist” model projects 7% gfs and 67% large trees. The SR FRI is 189 years. The “dry” model projects 16% gfs and only 25% large trees with a SR FRI of 132 years. The lower level of large trees and greater level of stand replacement fire in the dry model is due to the long development time needed to get through the seed/sap, pole and small tree stages
S409dd and S410dm (dry and moist Douglas fir): This is another interesting pair of models. Model 09dd represents “dry” Douglas fir and “dm” represents “moist”. The average FRI in the “dry” model is 10 years as compared to 34 years in the moist. The classes in the two models are essentially the same and I used the same relative proportions when assigning fire severity. The results are that the “dry” model projects 6% gfs and 57% large, while the “moist” model projects 7% gfs and only 25% large trees. In the “moist” model stands move into the multi-story classes at a faster rate where they are more likely to be killed in a stand replacing fire. In addition there is less underburning that would maintain them in open single-story states. As a result you have more stand replacing fires and fewer acres that can become large. In the “dry” model the more frequent fires protect the stands from stand-replacing fire resulting in more large trees.
S411wx (western hemlock hyperdry): The western hemlock “hyperdry” model has slightly less fire than the Douglas fir moist model and behaves similarly. The projected acreage is 5% gfs and 54% large trees.
S412lx (high elevation lodgepole): The average FRI is 100 years. The mature and post beetle classes were assumed to burn on a 60 year FRI; the seed/sap and pole on a 120 year FRI; and young gf/sssap stands on a 240 year FRI with all fires stand replacement. The resulting average FRI is 100 years and about 15% of the acreage is maintained in the mature (small tree) class.                                                                                                       

S413cw; S414vw; & S415iw (cool, warm-moist, and intermediate white fir models): These models are structured identically and wildfire is assumed to have the same effect in each model. The average fire return intervals are 63, 49, and 23 years for cool, warm-moist, and the intermediate models, respectively. The projected area of large trees is 35% for cool, 56% for warm-moist, and 47% for intermediate. The area in large trees is dependent upon the fire regime with more fire producing more large trees. Models with shorter transitions times (e.g. model 14vw) also tend to produce more large trees.                                A RDBT disturbance is applied to classes > 10” dbh. The area affected by root disease is correlated with the fire regime and this factor significantly reduces the area of large trees in all models. The average annual area killed by RDBT under historic conditions is 0.21% for cool, 0.27% for warm-moist, and 0.11% for intermediate.
The Monte Carlo Multiplier file:
A Monte-Carlo multiplier file (MCM file) is used to portray the stochastic nature of many disturbances. Initial assumptions are described below.  Note that these data and examples are intended to get you thinking…. I haven’t analyzed any historic data for SW Oregon.
Wildfire:  I assumed three types of fire years. The frequency by type is 90% normal; 8% high; and 2% severe. Fire years are assumed to occur randomly.
For SW Oregon we assumed that for each acre burned in a normal year, 10 acres burn in a high year and 40 acres burn in a high year. The normalized multipliers, which represent the percent of the total burned acres burned per year, are calculated as follows:
Let x = proportion of acres burned in a “normal” year.

Then: 0.9x + 0.08(10x) + 0.02(40x)    = 1
                  .9x + .8x + .8x     = 1

                                   x  = 1/2.5 = 0.4



               10x  = 4


                     40x  = 16
The multipliers for normal, high, and severe years are thus “0.4”, “4”, and “16”.
Mountain pine beetle: Outbreaks last 3 to 5 years and are 16 to 24 years apart. The last outbreak occurred 20 years ago. This disturbance is applied to the lodgepole cold and two mountain hemlock models (402mh, 412lx, and 513mi).
Windthrow: Major catastrophic windthrow may occur any year with a 2% probability. The Willamette assumed that 5% of susceptible stands will blow down in these severe years. This disturbance applies only to the two silver fir models (514si and 516sw). The annual average probability of 0.001 is included in the model and a multiplier of 50 is used to reflect windthrow years. No significant windthrow is assumed in other years. 

In the SW Oregon models a wind disturbance is applied to the western hemlock coastal (S405hc) and western hemlock Cascades (S411wx) models. The assumption is that 2.5% of stands blow down every 50 years. The wind probability contained in the models is 0.0005 and a multiplier of 50 is used in severe years. Note that the SW Oregon models also contain a root disease disturbance that is absent in the NW Oregon models. Tree mortality and windthrow associated with root disease are modeled with this disturbance.  

The input files used to generate the MCM file are SWO.ysg; SWO.ytm, and SWO.par. The run parameters are shown below. The Monte Carlo file is named SWO.mcm.
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