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SUMMER MOISTURE CONTENTS OF
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The behavior and effects of forest fires are often antecedent precipitation and evaporative demand
influenced by the character of the living under- of the atmosphere. This method seems to work well
story vegetation. Grasses, ferns, shrubs, mosses, in the northern Rocky Mountains and in other
tree reproduction, and herbaceous plants may portions of the western United States, but it has
either contribute actively to the energy of a fire, or not been thoroughly validated.
they may serve as a heat sink and retard fire Measured moisture contents of tree and shrub
propagation and intensity. This can mean the dif- foliage have been reported in several studies rep-
ference between a beneficial, easily managed fire, resenting diverse geographic areas (Olsen 1960,

and a detrimental fire that is difficult to control. Philpot 1963, Reifsnyder 1961, Jameson 1966,
Whether living surface fuels play an active or pas- Johnson 1966, Van Wagner 1967, Blackmarr and
sive role in the combustion process depends Flanner 1968, Gary 1971, Countryman 1974, Rus-
largelyon their abundance and moisture content, sell and Turner 1975). Herbaceous moistures, on
These factors are quantitatively addressed in the other hand, are not as well documented.
state-of-the-art models of fire behavior (Rothermel Although many ecologists, range and wildlife sci-
1972, Albini 1976) and in the National Fire Dan- entists, plant physiologists, and fire scientists
get Rating SYStem (Deeming et al. 1977). measure herbaceous moisture contents regularly,

•Although ongoing research holds promise for little of this information is formally reported. The
developingthe capabilityto simulatelivefuel fewpublishedstudiesindicatethatmoisturecon-
moisturechangesthroughknowledgeofphysical tentsofgrassesandforbsgrowingundergenerally
processesgoverningplant-waterrelations(How- similarconditionsarerelated(Turner1972)and
ard 1978,Running 1978),currentlyavailable thatmany plantscommon totheWest show "a
methodsofpredictinglivefuelmoisturecontent, decideddecreaseinmoisturecontent"asthegrow-
withoutactualfieldmeasurement,aresomewhat ingseasonadvances(Richards1940).The degree
primitive:The algorithmproposedby Deeming et to which theseobservationsapplyin othergeo-
al.(1977)forfiredangerratingrepresentsthe graphicregions,however,has not been fully

most comprehensiveeffortto datetoprovidea established.
generallyapplicablemodel.Itconsidersthepre- Toassessthepotentialflammabilityofforestsin
dominanttypeofvegetation(annualorperennial), the Boundary Waters Canoe Area (BWCA) in
thephenologicalstageofdevelopment,vegetative northeasternMinnesota (Roussopoulos1978),
adaptationtomoisturestressas reflectedinthe moisturecontentsand fresh-to-dryweightconver-
humidityprovincesofThornthwaite(1931),and sionfactorswere requiredforcommon grasses,



herbs, mosses, and small shrubs. _This paper pre- (dry weight/fresh weight) and a daily average was
sents and examines summer moisture content determined foreachsubsample triplet. These were
measurements for 21 groups of understory plants conve_ to moisture contents (MC) by:
that are common to the Great Lakes Forest Region 100
(Rowe 1959). Results are useful for a variety offire MC - - 100 (1)
management activities including estimating liv- CF
ing fuel biomass and predicting fire control diffi- At the end of the sample period, the time series
cu!ty and/or fire effects for actual or anticipated of daffy moisture content percentage values were
fires. They also offer a preliminary basis for vali- examined and compared on the basis of magnitude
dating the National Fire Danger Rating System and seasonal trend. Graphical analysis, t-tests,
herbaceous moisture model (Deeming et al. 1977) and regression analysis were the principal analyt-

in the upper Midwest. ical methods used.

METHODS RESULTS AND DISCUSSION

Field sampling of living herbs, mosses, and The number of sample days for each sampling
small shrubs for gravimetric moisture content de- category ranged from 3 for starflower (Trientalis
termination was conducted in mature forest borealis), false solomon's seal (Smilacina race-
stands about 20 km south of Ely, Minnesota (47 ° mosa), and twinflower _innaea borealis) to 21 for
50' N,. 91° 45' W). Sampling began on June 24, large-leaved aster (Aster macrophyllus) and wild
after the period of primary plant growth, and sarsaparilla (Aralia nudicaulis) (table 1). Sample
ended onAugust26,1976. Throughout thisperiod, size reflects the relative contribution to under-
plants representing 21 plant categories (individu- story plant cover in the sampling vicinity.
al species, genera, or groups of related species)
found commonly in upland forest communities of Averages of seasonal moisture content percents
'the area were collected at intervals of one to sev- ranged from 138 for Labrador tea (Ledum groen-

eral days. Forty-two subsamples were taken landicum) to 1,027 for bluebead-lily (Clintonia
between 2:00 and 4:00 p.m. each sample day (3 borealis).
subsamples each from 14 plant groups). Sampling Scatter diagrams showed downward seasonal
frequency for individual species or species groups trends in moisture content values for most plant
varied approximately in proportion to the percent groups, which reflects the influence of phenologi-
cover each represented, cal development as well as the 1976 summer

Each subsample consisted of at least 5 grams drought (Dickson 1976). Collections were made
•fresh weight of a single species or plant group. All during the afternoon, the time of day when mois-
above-ground plant parts were included. Sub- ture stress with decreased moisture content would
samples Weresealed in metal cans and transpo_ be most likely to occur due to an imbalance be-
at once to thelaboratory where they were weighed, tween absorption and transpiration rates. Despite
driedatI05Cforatleast16hours,andreweighed thedrought,however,theobservedtrendswere
tothenearest0.1gram. Dry weightconversion generallymore subtlethanhasbeenreportedfor

• factors(CF)were computedforeachsubsample westernplants(Richards1940).Linearregression
equationsfitthetimeseriesdatareasonablywell

ZMoisture content is weight loss expressed as a and had significant correlation coefficients for
percentage of oven.dry weight: moisture content Labrador tea, large-leaved aster, and for blue-
percent = bead-lily (fig. 1).Many species, such as wild lily-of-

the-valley (Maianthemum canadense) on the other

( green weight---ovendry weight) x 100 hand, showednosignificantseasonaltrend (fig. 1).• ovendry weight To gain a clearer picture of the seasonal moisture
• responsesby samplinggroup,averagemoisture

The conversionfactoristhenumber that,when contentvaluesand correspondingconversionfac-
multipliedbygreenweight,yieldsovendryweight: torsforallsampledplantgroupswerestratifiedby
(conversionfactor= oven dry weight - green early(June24-July24)andlate(July25-August
weight). 26)samplingperiods(table1).



Table 1.--Moisture content of some grasses, forbs, mosses, and small shrubs in northeastern Minnesota 1

All (June24-Aug.26) Early(June 24-July24) Late(July 25-Aug.26)

Standard Standard Standard

SampleMoistureConversionerrorof SampleMoistureConversionerrorof SampleMoistureConversionerrorof
Plantgroup day content factor the mean day content factor the mean day content factor the mean

No. Percent No. Percent No. Percent

Labradortea (Ledumgroenlandicum) 10 138 (.42) 7 3 160 (.38) 13 7 128 (.44) 7
Blueberry2 (Vacciniumspp.) 17 151 (.40) 6 12 157 (.39) 7 5 136 (.42) 7
Clubmossz (Lycopodiumspp.) 15 153 (.40) 8 11 156 (.39) 10 4 144 (.41) 11
Grasses4 10 170 (.37) 13 6 189 (.35) 17 4 142 (.41) 10
Rubuss(Rubus spp.) 4 208 (.32) 22 --- ( ) 4 208 (.32) 22
Spreadingdogbane(Apocynumandrosaemifolium) 6 217 (.32) 22 4 197 (.34) 27 2 259 (.28) 26
Twinflower(Unnaeaborealis) • 3 239 (.29) 41 2 270 (.27) 47 1 178 (.36)
Brackenfern(Pteridiumaquilinum) 13 248 (.29) 10 10 258 (.28) 11 3 211 (.32) 18
Wildsarsaparilla(Aralianudicaulis) 21 253 (.28) 6 13 258 (.28) 7 8 244 (.29) 11
Strawberry6 (Fragariaspp.) 11 258 (.28) 14 8 271 (.27) 14 3 224 (.31) 34
Bunchberry(Comuscanadensis) 17 261 (.28) 7 12 270 (.27) 6 5 237 (.30) 12
Bushhoneysuckle(DiervillaIonicera) 5 290 (.26) 31 5 290 (.26) 31 -- ( )
Falsesolomon'sseal(Smilacinaracemosa) 3 304 (.25) 28 3 304 (.25) 28 -- ( )
Pearlyeverlasting(Anaphalismargaritacea) 4 319 (.24) 49 2 390 (.20) 36 2 247 (.29) 53
Otherferns7 5 326 (.23) 30 2 388 (.20) 12 3 284 (.26) 29
Woodhorsetail(Equisetumsylvaticum) 4 340 (.23) 9 1 335 (.23) 3 342 (.23) 13
Starflower(Trientalisborealis) 3 369 (.21) 7 3 369 (.21) 7 -- ( )
Large-leavedaster(Astermacrophyllus) 21 380 (.21) 15 14 418 (.19) 12 7 305 (.25) 17
Dwarfsolomonsseal(Maianthemumcanadense) 17 393 (.20) 14 11 403 (.20) 17 6 374 (.21) 23
Sweetcoltsfoot(Petasitesspp.) 4 560 (.15) 70 2 523 (.16) 147 2 597 (.14) 72
Bluebead-iily(Clintoniaborealis) 15 1,027(.09) 35 10 1,071 (.09) 34 5 939(.10) 69

_Moisturecontentpercentequals(100× moisturecontent- ovendryweight).Conversionfactorequals(ovendryweight- greenweight);dryweight=
conversionfactor × greenweight.
WacciniummyritilloidesandV.angustifoliumarepredominant.
3Lycopodiumclavatumandobscurumarepredominant.
4Carexspp.andOryzopsisasperifoliaarepredominant.
SRubusstrigousandR.pubescensarepredominant.
OFragariavescaandF.virginianaarepredominant.
7Athyriumspp.,Onocleasensibilis,andOsmundacinnamomeaarepredominant.

• .

For all Sampling groups represented by at least (Vaccinium spp.),bracken fern (Pteridium aquili-
' three sample days in eachhalf of the season,tools- num), strawberry (Fragaria spp.), bunchberry
ture content Was lower during the late sampling (Comus canadensis), and bluebead lily. And those
period. The difference between the early and late groups with a difference of more than 20 pecent
mean moisture contents (expressed as a percent- between early and late means were Labrador tea,
age of the seasonal average) for the groups with at grasses, and large-leaved aster. These substantial
least 10 sample collections ranged from 7 percent variations among sampling groups may be due in
for wild lily-0f-the-valley to 30 percent for large- part to species-related differences in morphology,
leaved aster--with a mean of 16 percent. Groups phenological development, rooting characteris-
showing less than 10 percent difference between tics, stomatal activity, etc., as well as micro-envi-
early and late means were club-mosses (Lycopo- ronmental preference.
dium spp.), wild sarsaparilla, and wild lily-of-the- Admittedly, our sample was not adequate to
valley. Groups with a difference between early and conclusively identify and characterize seasonal
late means of from 10 to 20 percent were blueberry moisture responses. It is also possible that the late
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Figure 1.--Plant moisture content percentages for some species found under
mature upland stands in northeastern Minnesota.

summer droughtof1976producedatypicalplan_ flammability.Availablemethodsofpredictingfire
moisturetrendsinthesamplearea.Nonetheless, spreadrates,intensities,andflamelengths(Roth-
•theaveragemoisturecontentvaluesobtainedhere erme11972,Albini1976)requirethatquantitative
comparefavorablywithreportedvaluesforsimi- estimatesoflivingfuelmoisturebe developed
larenvironmentsoftheU.S.S.R.(Svanid_and wherethesefuelsaresignificant.Use ofa simple
Khidasheli1973),andtheymay beusefulindevel- plantmoisturemodel suchas thatemployedfor
0pingcrudeestimatesofdry-weightbiomassfrom firedangerratingwouldbedesirableifacceptable
field-freshweightsorinpredictingforestfirebe- accuracycouldbe achieved.Becausefiredanger
haviorand effects, ratingisconcernedmainlywithidentifyingrela-

tivelevelsandtrendsinfirepotentialforthemost
One questionfrequentlyaskedby landmanag- serioussituationsanticipatedon broadratingar-

ersconcernsthesuitabilityoftheNationalFire eas,itisuncertainwhethertheNFDRS herbace-
DangerRatingSystem(NFDRS) herbaceousfuel ousmoisturealgorithmwouldbe appropriatefor
moisturealgorithm(Deemingetal.1977)forpre- other,possiblymore demanding,applications.To
dictingactualfirebehavioror evaluatingfuel gain insighton thisquestion,we computedthe

.,
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NFDRS herbaceous moisture at weekly intervals the one recommended for rating fire danger in the
(Burgan et al. 1977) using 1976 observations from eastern United States (Deeming et al. 1977).
the nearest fire weather station. Herbaceous mois-

ture values were computed for all four "climate Examination of the seasonal moisture trends, on
classes" and plotted for the entire sampling period the other hand, reveals slightly better agreement.
(fig. 2). All four of these curves show only slightly The difference between the early and late
reduced moisture contents in the late season, weighted measurement means was roughly 18
which is What we observed for most of the plant percent of the seasonal average, while the NFDRS
groups Sampled. computations yielded corresponding values of 6, 9,

10, and 15 percent, respectively, for climateTo facilitate comparison with the field results,
average calculated moisture contents were deter- classes 1 through 4. The NFDRS herbaceous lois-
mined for the season and for both early and late ture algorithm is much better at representing

relative changes--the principal intent of fire dan-sampling-periods (table 1). In addition, corre-
ger rating--than it is at predicting actual values.sponding observed plant moisture contents were

calculated as a weighted mean of the moisture The errors identified above should be closely ex-
content values for all plant groups (table 2). The alined to determine their significance in applica-

tions requiring absolute plant moisture contentrelative contribution of each plant group to total
underst0ry biomass (dry weight) from a broad- predictions.
scale fuel inventory conducted roughly 50 km from
the sample area (Roussopoulos 1978) provided the For the NFDRS fuel model G (dense conifer for-
weighting coefficients for this computation. The est with heavy detritus accumulations), we pre-
mean NFDRS moisture contents for each climate dicted selected fire behavior properties using both
class were also computed for this period and are measured and calculated mean herbaceous lois-
substantially lower than the observed values. The ture contents (table 2). Fire behavior estimates
approximate prediction errors are -63 percent, -66 were computed for climate class 1 and 4 to present
Percent,-70 percent, and -75 percent, respectively, the range produced by NFDRS. Fire behavior pre-
for NFDRS climate classes 1, 2, 3, and 4. The fact diction errors resulting from the use of calculated
that climate class 3 yielded the second largest un- moisture contents were expressed as percentages
derprediction is especially significant because it is of the predictions based on measured moisture:
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Figure 2.- Manually calculated National Fire Danger Rating System (NFDRS)
herbaceous moisture contents ['or all ['our climate classes at Ely,
Minnesota, 1976.
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• Table 2.--Average measured moisture contents and National Fire Danger Rating System (NFDRS) herbace-
ous moisture predictions by sampling period

(In percent)

Samplingperiod Weightedmean NFDRSherbaceousmoisturecontent
of measured

moisturecontents Climate Climate Climate Climate
ClassI Class2 Class3 Class4

All (June24-August26) 299 112 103 91 74
Early.(June.24-July24) 319 115 107 95 78
Late(July25-August26) 264 108 98 86 67

E(%) = Vc - V_ • 100 (2) moisture of 5 percent and a windspeed of about 9
V_ m/sec (20 m.p.h.) were 1.2, 1.7, and 2.0 meters (3.8,

• 5.6, and 6.6 feet) for measured, estimated climate
Where: E =the percentage error in a predicted class 1, and estimated climate class 4 fuel moisture

fire behavior characteristic (e.g. values, respectively. Indiscriminant use of the cal-
spread rate, flame length, etc.) us- culated live fuel moistures to predict fire behavior
ing the NFDRS herbaceous fuel for some planning and operational activities,

• moisture therefore, would likely result in overly conserva-

V¢--the predicted value obtained using tive decisions--possibly leading to inefficient use
the calculated NFDRS herbaceous of fire management resources.

• fuel moisture The moisture content prediction errors noted

•Vm=the predicted value obtained using above do not significantly compromise the useful-
the corresponding weightedmean of hess of the NFDRS herbaceous moisture algor-
measured moisture contents (table ithm for fire danger rating in the Lake States in
2). terms of its intended purpose. Predicted and mea-

sured relative herbaceous moisture trends agree.
Fuel moistures for the 10, 100, and 1,000 hour Thus, the NFDRS algorithm may be used to esti-

timelag fuels were assumed constant at 10,15,and mate relative fire behavior trends for a season.

15 percent, respectively, for all computations. For Uses requiring greater precision, such as compari-
1 hour timelag fuel moisture contents ranging sons of Lake States fuel moistures with western
from 5 to 15 percent and effective windspeeds species, or estimation of absolute values for rate of
rangingfrom 4 to 9 m/sec (10 to 20 m.p.h.), forward spread and intensity are questionable unless
spread rate (rrgmin) was overestimated by roughly actual field fuel moisture measurements are

• 55to 100 percent using the NFDRS climate class 1 obtained. The average moisture content values re-
herbaceous moisture content, and by 70 to 150 ported here are appropriate when general esti-
,percent using theclimate class 4 value. Estimated mates are needed for planning over broad areas in
spread rate for a 1 hour timelag fuel moisture of 5 Great Lakes conifer forests.
percent and a windspeed of about 9 m/sec (20
m.p.h.) was 2.4, 4.9, and 6.1 m/rain (7.9, 16.1, and
20.0 it/min) for measured, estimated climate class LITERATURE CITED
1, and estimated climate class 4 fuel moisture val-
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