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Forest managers, before the vlsfbfllty protectfon revfsfsfons to the State 

Implementation Plan In efther Washington or Oregon are adopted, have 

fmplemented practfces that reduce emfssfons from prescrfbed ffre by at least 30 

percent, compared wfth the baseline perfod 1976-1979. The practfces were 

developed through a cooperatfve effort of forest managers and afr-rescurce 

managers. Emfssfon reduction allows forest managers to retain a practice 

needed to regenerate forests and prevent wfldflres while providing effectlvo 

and necessary air qualfty. These reductions have become an Important part of 

the strategy In Washln~on and Oregon to protect vlsfbflfty fn Natlon~l Parks 

and Wfldemess. 

In thfs paper, I descrfbe progress fn reducing emlssfons In western Washfngton 

and western Oregon and fnclude a projectfon for future fmprovement. 
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Ouantftatlve goals for reducing emissions from prescrfbed fire are a new 

afr-resource management tool. In the last decade, many states followed the 

lead of Washington and Oregon In developing cooperative smoke-management 

programs and scheduled prescrfbed ffres to take advantage of meteorological 

condftlons that would not have an fmpact on areas sensftfve to smoke or that 

would dflute the smoke to acceptacle concentratfon~. Now, Washfngton and 

Oregon States are the ffrst to agree on targets for reducfng emfsslons from 

prescrfbed fire: by 35 percent fn Washfngton by 1990, and by 50 percent fn 

Oregon by 2000 (relatfve to the 1976-1979 baseline.> 

Before 1980, the assumptfon was that emlssfons could be reduced only by 

lfmltlng the area treated by prescribed fire. That mfsconceptlon put forest 

managers, convfnced of the necessity of ffre to mafntafn productlvfty In 

Northwest forests, fn conflict with afr-resource managers convfnced of the 

necessity for source control measures to fmprove .afr qualfty. Reallzatfon that 

fmproved harvestfng and burnfng technfques can achfeve both objectives has 

promoted cooperative efforts to reduce emfssfons. 

Cooperatlye Research Efforts Are Mere Eff1clent 

Afr-quallty and smoke-management research has been a cooperat1ve effort 1n the 

Northwest. The forest fndustry and public agencfes find jofnt projects on 

research efffcfent for agreefng on key quest10ns and sharfng the answers. The 

USDA Forest Service Fire and Afr Resource Managen~nt Research Work Unit fn 
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Seattle, whfch I represent, has current studfes fn conjunctfon wfth the 

Envfronmental Protectfon Agency, Oregon Department of Envfronmental Qualfty. 

and Washfngton Department of Ecology, the USDA Forest Servfce, Pacfffc 

Northwest Regfon; several National Forests fn Washfngton, Oregon, and 

Californfa; the U.S. Department of the Interfor, Bureau of Land Management; the 

U.S. Department of Energy, Bonnevflle Power Admfnistration; the U.S. Department 

of Defense, Defense Nuclear Agency; the Oregon Department of Forestry; several 

private tfmber companies; four universities; and several consultfng groups. 

A New Emission-Inyentory System Is Operational 

A companion paper11 reports on a new emfssfon-fnventory system for prescrfbed 

burning that is already in use. The fnventory system, first proposed by 

Sandberg and Peterson (1985), fs based on combustion models. The system 

records individual burn paran~ters from several thousand burns per year, and 

uses the parameters to predict bfomass consumptfon and combustion efffc1ency. 

Emission estimates are based on consumptfon algorithms and emissfon factors 

documented in the scientffic literature (Ottmar 1987; Ward and Hardy 1984; 

1/peterson. Janice L. and Sandberg, D. Y. "Analysis and reductfon of errors 

of using inference modelfng to predfct prescrfbed burn emissfons." Presented 

to: Annual meeting, Pac1fic Northwest Internatfonal Section. Afr Pollution 

Control Association. 1986 November 19-21, Eugene. OR. 
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Sandberg 1985). Duff consumptfon. whfch contrfbutes about one-half the total 

emfssfons. is fncluded for the ffrst t1me. We no longer rely on foresters' 

subjectfve estfmates of biomass consumptfon. The system can be easily modiffed 

as new research fs completed to sharpen the algorithms. Sources of error and 

bfas fn the fnventory system are perodfcally anlayzed to target future 

resellrch. 

Technfques that reduce emissfons are explic1tly recorded fn the 

emfssfon-fnventory system, so that both the amount of fmprovement and the means 

of fmprovement are revealed. Factors such as resfdue utflfzatfon and ffre 

meteorology have been surveyed perfodfcally, and other factors such as fgnftfon 

method and acres treated have been reported annually by the Washfngton 

Department of Natural Resources (Carnfne 1984) and Oreson State Department of 

Forestry (1985). In 1987. the Smoke Management Reportfng System fn Oregon will 

collect all of the fnputs to consumptfon algorfthms fr~ every burn permfttee. 

Eventually, thfs system w111 fnventory dafly emfs·sfons, track progress toward 

emfssion-reductfon goals. and project seasonal burn actfvfty and emfssion yfeld 

to a f r- resou rce managers. 

Annual revfews of progress in reducfng emfssfons by the new inventory systam 

wfll allow factual and productfve dfscussfon about the success of air-rescurce 

management strbtegfes. The forest 1ndustry 1s now clearly a target for 

crftfcfsm or prafse, dependfng on how well the goal fs achieved. 
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Emission-Reduction Base11ne 

The average annual em1ss10n from 1976 through 1979 1s the baseline value from 

which progress Is measured toward em1ss10n-reductlon goals. The period Is a 

logical baseline because a regional assessment of preburn wcody biomass was 

completed then (Howard 1981), so a more accurate emls~lon Inventory Is posstb1e 

for that period than for any other period. Also, emission-reduction tochnlques 

have been used Increasingly since they were first used In 1980, so a baseline 

period of later yc~r~ would Ignore progress already made. 

Total suspended particulate (TSF) emtsslons from slash burning during the 

baseline period averaged 77,000 tons per year In western Oreson and 40,000 tons 

per year In western WaShington. Because of the biomass assessment (Howard 

1981) and the availability of fire-weather records (Furmar. and Helfman 1973) 

for the period, the average biomass consumption can be established at 60 tons 

per acre 1r. Oregon and 58 tons per acre In Washington. The estimates are 

subject to a residual error of is percent, mainly because of uncertainty In the 

estimates of organic soil-layer thickness and the effectiveness of mass 

Ignltfon In reducfng emfsslons. 

Emlssfons Were Reduced By 30 percent By 1984 (Re1atlye to the 1978-1279 

Baseltne) 

In 1964, TSP emfsslons fro~ slash burning are estimated to have been 56,000 

tons In western Oregon and 28,000 tons In western Washington (Table 1). 
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Table 1.--S1ash-burnlng emission Inventory for western Washington and westem 

Oregon for 1984 and the baseline period 1976-1979, with emlssfon reduction 

during the period attributed to specific methods of emission reduction. 

PARTICULATE (TSP) EMISSION ~IASHINGTOO OREGON 

Tons/Year 

1976 through 1979 (baseline) 77300 39900 


1984 55800 28100 


REDUCTION 21500 11800 

Percent of baseline yalye 

TOTAL REDUCTION -28 -30 

REDUCTION ATTRIBUTED TO CHANGES IN: 

Acres burnee:! -4 +12 


Shift from public to private burning -7 -14 


Mass Ignition -2 -5 


Increased fuel moisture -4 -4 


Increased wood ut111zatfon -16 -20 
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Bfomass consumptfon averaged 44 and 37 tons per acre fn the two states. The 

estfmates are subject to resfdual error of ±28 percent, mafnly because of the 

lack of a recent regfon-wfde bfomass assessment. 

Increased utflfzatfon of loggfng resfdues appears to be the prfmary reason for 

reduced emfssfons fn 1984. Forest utflfzatfon contfnues to fmprove, and less 

materfal is 16ft to be cons~eG by prescrfbe~ ffre. The fncreased effcrt to 

~arket resfdues (fn part because of the fncreased value placed on afr qualfty) 

reported by Berg (1985) f~proved forest utflfzatfon durfng the early 1960's, 

even whfle the tfmber fndustry suffered a severe recessfon. 

Utflfzatfon fs singly responsfble for a 16-percent reductfcn fn emfssfons fn 

Oregon and 20 percent fn Washfngton sfnce the baselfne perfod. Prelfmfnary 

results from current rCJ~;(arch seem to conffrm that 38 percent less large 

(gre~ter than 3-fnch dfameter) woody resfdue was left after tfmber h6rvestfng 

fn 1984. 21 Most of the fncreased utflfzatfon removes the l~rgest resfdue 

pfeces, so the remainfng resfdue fs smaller and more completely consumed by 

ffre. Consumptfon of large woody resfdues f! thought to have decreased by 25 

percent, smaller (less than 3-fnch diameter) resfdues by 32 percent. and duff 

(organfc 50fl) layer by 27 percent (Ffgure 1). 

2J Sandberg. D. Y.; Ottmar, R.D. J and others. "Regfonal Reductfc.n fn Af r 

Poll~tant Emfssfons as a Result of Increased Forest Resfdue Recovery." Annual 

progress report on ffle at the USDA Forest Servfce Forestry Scfences 

l~tloratory, Seattle; 1986. 17 p. 
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CALENDAR YEAR 

Western Oregon. 
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CALEN DAR YEAR 

Western Washington 

Ffgure 1.--Average biomass consumptfon by prescribed fire in 1979 and 1984 and 

projected biomass consumptfon for two possible levels of utilization fn the 

year 2000. A. West~rn Oregon. ~. Western Was~fngton. 
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The area treated by prescr1bed ffre has not been decreas1ns 1n the Northwest. 

In fact, total area burned 1n the two states 1n 1984 was h1gher than any year 

1n h1story. Burned area decreased by 4 percent 1n western Oregon but 1ncreased 

by 12 percent 1n western Wash1ngton between the base11ne per10d and 1984. The 

proport1on of ffre use on pr1vate lands has fncreased gr'eatly (F1gure 2) 

(Carn1ne 1984: Oregon State Department of Forestry 1985). 

The sh1ft 1n f1re use to pr1vate lands had the net effect of reduc1ng em1ss1ons 

by 7 percent in Oregon and 14 percent 1n Wash1ngton because less slash 1s 

typically left after harvest on prfvate land. Howard (1981) measured an 

average 29 percent less large woody resfdue per acre on prfvate land than on 

the Nat10nal Forests. 

Meteorolog1cal schedu11ng of ~urns to wetter seasons reduces em1ss10ns by 

11m1t1ng biomass consumptfon. A I-percent 1ncrease fn the mo1sture content of 

large res1dues decre~ses em1ssfons an average of 3 percent (Sandberg 1984). 

The average fuel mo1sture 1n 1984 was slfghtly more than 1 percent h1gher than 

1n the base11ne per1cd, whfch explafns an emfss10n reductfon of 4 percent 1n 

both states. The h1gher average moisture was the result of an increase 1n 

broadcast burn1ng in the spring (Ffgure 3). 

Mass ign1tion of broadcast burn areas to 1mprove combust10n efficiency and 

limit biomass consumption decreased emfss10ns by 2 percent fn Oregon and 5 

percent in Washington. The effectfveness of the techn1que has not been 

conclusively proved, so the modest assertfons made were based on preli~1nar~ 

research results. 
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USr-S S5~ STATE/OTHER 1.J~ 

18:' 

OREGON 1976-1979 (AlL TYPSS) 
WASHINGiON 1976-1979 (ALL TYPES} 

PRIV~TE 46.': 
PRIVA,;: 65,': 

SiATE/OTHE,~ 16::: 
SiATE/OTHE~ 14~ 

OREGON 1984 (AlL TYPES) USFS 21~ 

WASHINGiON 196., (ALL T'rFES) 

Figure 2.--The proportion of prescribed burnfng 1n western Was~1ngtcn and 

western Oregon was larger on private land dur1ng 1984 than during the baseline 

period 1976-1979. 
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Figure 3.--Broadcast burnfng for all ownershfps 1n western Orescn was done 

predominantly 1n the fall fn 1976-1979. but spring burn1ng became more 

important in 1984. 
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All resfdua1 errors fn fnventoryfng emfssfons and fn me~surfng emfssfon 

reduct10n are befng cooperatively researched. A new b1cnass asses~ent (now 60 

percent complete) w111 reduce the uncerta1nty by more tt.t.n one-half. 

Measurement of other b10tfc f6ctors. such as the dfstr1butfon of duff depths 

and the presence of live vegetatfon on burn sites. will t.dd small fncrements of 

accuracy. A new snloke-management report1ng system used :y all landowners fn 

Oregon and by Natfona1 Forests in Washington w111 fmprove the estfnlate of area 

burned and the use of mass ignition. B1omass-consumpt1cn models are being 

extended to several new forest types, and 1nvest1gatfon contfnues into the 

effect1veness of mass 19n1tfon and other emfss1on-reductlon techniques (Ottmar 

1987). Completion of these projects 1s assured before t~6 3-y£ar revfew of the 

Washington and Oregon state implementation plans to prevent 1mpafrment of 

v1s1b1l1ty. 

W1ll The 50-percent Em1ss10n-Reductfon Goal ee A~ 

Now that emissions have been reduced by 30 percent. is ar. addft1ona1 29 percent 

from 1984 1ev6ls (for a total of 50 percent from the base11ne) possible? 

Improvement depends on many factors that are dffffcult tc predict, from 

reso1ut10n of the herbicide issues to energy demand and the strength of the 

dollar against Canadian and Asian currencies. but most otservers are 

optfm1stfc. Forest managers who proposed the goal to the Oregon Department of 

Environmental Qua11ty be11eve it 1s attainable, prov1dec some flexibility is 

retained in burn schedules and operations. 
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How Can the Add1t1on"l Reduct10n Be Ac;;b1eyedl 

Increftsed ut1112"t10n· The forest 1ndustry in the Northwest is undergoing 

a transition to a second-growth timber cycle that should leave less defective 

large material. More efficient harvesting and milling allow removal of ever 

smaller pieces of wood. New markets are being developed internationally (Flora 

and Vlosky 1986), and domestic prices have stabilized (Warren 1986). 

Utflfzatfon should continue to improve with improved economic conditions and 

increased attention to air quality values by forest managers. If we assume 

that the proportional decrease in large residues before 2000 is the same as ft 

has been since the baseline period, consumption of biomass on the average 

burned acre will be reduced by about 2S percent f~ 1964 levels (22 percent in 

Washington and 27 percent in Oregon) (Figure 2). 

Ultimately, utilization might increase even more. For example, if all woody 

material greater than 3 inches in diameter and 18 inches long were removed from 

a harvested area, biomass consumption would decrease to about 21 tons per acre 

(as shown by the last bar in Figure 1). 

"Sor1ng" burning· The full potential of burning under wetter, or 

"spr1nglike," conditions has not been realized, despite a concentrated effort 

by forest managers to promote the practice. Each increase of I-percent fuel 

moisture reduces emissions by 3 percent, and burning w1thfn 3 weeks of heavy 
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rainfall reduces emissions as much as 25 percent more (Sandberg 1984): yet the 

regional emission reduction from the practice has been only 4 percent. The 

reason for the modest results appears to be the shortage of allowable burn 

days in the year (forcing forest managers to burn during every available day in 

the year), and a reluctance to take air-quality risks in the spring (by 

allowing more burning on wet days with limited dispersion). 

The effort to reduce emissions by encouraging spring burning will require a 

substantial change in smoke-management decisions. In Oregon, a general 

prohibition on summer (July and August) burning forces more burning in either 

spring or fall. If the burning is delayed until the dry fall months, the total 

annual emissions will 1ncroase by about 2 percent (Figure 48). If emissions 

are to be decreased by 10 percent, all the summer burning and one-third of the 

burning now done in the fall will have to be done in the wetter spring months. 

That would require from two to six times more burning in the spring than was 

penm1tted in 1984 (Figure 4C). 

~hat's likely to happen? My guess is that eventually up to twice as much 

spring burning as was done in 1984 will be permitted, resulting in an 

additional 5-~ercent reduction in annual emissions; for that to happen, 

smoke-management coordinators and air resource managers in the two states must 

agree on the strategy. Forest managers are generally eager to accommodate the 

Change. 
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figure 4.--Area burned per 

month In ..estern Washington 

and western Oregon In 1984 

unde r th ree sets of smoke­

~anagement rules, and the 

effect on total annual 

emissions A Actual 

practice In 1984, resulting 

In 83,431 tons of TSP. 

8. Simulates shift from 

burning In July and August 

to burning In September and 

October, resulting In a 

2-percent Increase In 

annual emissions. C. 

Slrrulated shift from July 

and August burning and 

one-th I rd of fall burn I ng 

to IoIay and June. resulting 

In a 1o-percent decrease 

In emissions. 
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Together, the forecast improvement in residue utilization and spring burning 

would result In a 55-percent reduction In emissions by the year 2000 in western 

Oregon, measured from the baseline period 1976-1979, even without further 

reduction In the area burned or use of any other emission-reduction method 

(Figure SA). If residue were completely used, I would expect the area treated 

by fire to also decrease by about 30 percent, resulting In a total emission 

reduction of 75 to 80 percent. The same expectations hold for western 

Washington, provided the area burned decreases by 11 percent to return to the 

baseline levels (Figure 58). 

An Opt1m1stlc Conclus1on 

I conclude that the emission-reduction goals "for prescribed burning In western 

Washfngton and western Oregon will probably be met, even If the area burned 

remafns the same. Increased utilization of forest resfdues has been and will 

continue to be the most Important method for reducing emfssions. 

Sprfng burning fs an Important emissfon-reductfon method but will be successful 

only If at least twice as much burning Is permitted In the spring as fs now 

permftted by the smoke management coordinators. 

Afr-resource management strategies are not entirely Independent. 

Preventlon-of-Slgnlflcant-Oeterforatfon (PSO) requirements, for example, that 

would limit dally emissions would no doubt frustrate efforts to reduce 

emfsslons and to schedule burning for days with good ventilation. 
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F1gure S.--Methods of achieving reduced emissfons from prescr1bed f1re from the 

base11ne per10d 1976-1979 unt1l 1984 and projected em1ss10n reductfon for the 

year 2000 based on two levels of expected res1due ut1l1zat10n. The bottom bar 

represents total annual emfss10ns after methods are app11ed. and the upper bars 

represent the em1ss10n reductfon attrfbuted to each method. A. Western 

Oregon. show1ng a reduct10n of 28 percent fn 1984 and a forecast reductfon of 

55 to 78 percent. B. Western Washfngton. show1ng a reduct10n of 30 percent 1n 

1984 and a forecast reduct10n of 58 to 78 percent. 
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