












and must be carried out to 3, 5, and 7 decimal places, 
respectively, for the A and B coefficients to be accurate. 
Rounding up EMC values imposes a bias so the values 
are always offset from the observations. 

The EMC values over a range of litter temperatures can 
be estimated from the equations given in tables 2 and 3 
developed for the four litter types tested. It appears that 
these resruts can be extended to the litter groups by using 
the equations for the representative litter type because 
the litter samples could be grouped within ±2 percent 
of each other. Litter group 1 (recently east, adaorption 
and desorption) is represented by the cheatgTue EMC's. 
Litter group 2 (recently cast, adsoTption and desorption) 
is repre.nted by the Douglas-fir EMC's, while littel' 
group 3 is repnsented by the ponderosa pine EMC's and 
JitteT group 4 by the quaking .. pen EMC' • . The weath
ered samples, with adlorption and desorption phases, 
group in a similar manner but most of the conifers needle 
types group with the Douglu.fil' and ponderosa pine 
needle data. Groups 2 and 3 could be grouped as one 
because the cn1culated EMC's are generally within ±2 
percent of each other. 

DISCUSSION 
'The possibility of organizing the various foliar litters 

into litter groups is encouraging because it suggests that 
only a few such groups of Utters or fueh. are needed to 
describe the general change in EMC. Use of this i nfor
mation does require the user to make observations of t }. o! 

fie ld situation and decide what species are present and 
whether the foliar litter is weathered or recently cast. 
Although the EMC data for recently cast litters are use
ful for a ahoTt period of each year, the weathered EMC 
data will probably be useful throughout the year. Weath
ering results in the EMC shining to higher values. The 
available literature was rev;ewed for data that could be 
compa:red to see if the results are consiatent with other 
meaaurements. Information published by King and 
Linton (1963), Blackman-(1971), and Van Wagner (1972) 
was used to determine if the EMC', of other fuels could be 
estimated using regression equations determined in thi' 
work. Results wfIf'e compand to thoee reported by Nelson 
(1984) and good agreement was found. In addition, the 
EMC equations to calculate wood moisture in the NFDRS 
were checked_ 

Litter group I , cheatgrass (recently cast, adsorption 
and dellOTption), matched Blackmarr'. EMC'. for wi ... -
graaa CArillido . 'rieta Michx.) and broom sedge (BromlU 
• eccJinlU L.), ,toying within 2 percent at all the tested 
RH's. Van Wagner. (1972) EMC data fOT a gT'" (Cal-
0m4llfWt;' sp.) waa consistently 2 percent higher. The 
tuollGCk gT'" (J'oo ccupiu»a) EMC'. reported by King 
and Linton were lowel' than that for cheatgrus by more 
than 2 percent and had a different rate of change to RH. 
The detorption EMC's curve (or cheatgrus were 1.5 to 
2.0 petUnt higheT than the EMC curve preMnted for 
wood. 

Litte1' group 2, fir and spruce needle. (recentJy C8.1!Jt, 
or weathered, ad.orption and de80rption), appeared to 
be unique in that no odler needles for the. 01' similar 
sped .. have been t.e.ted. nu, group', EMC values were 

found to fit best the eucalypts (E. obliqu L 'Herlt. and E. 
radiate Sieb. ex DC.) Jeaf data of King Bnd Linton (1963). 
The EMC', of the eucalpyts stayed within 2 percent of 
litter group 2 EMC's to an RH of 70 percent, where the 
euealyptu.litter exhibited higher EMC's. These litters 
may group because of the extractives, crude fats, or cutin 
they contain. At 300 OK the litter group 2 EMC's for re· 
cently cast, desorption conditions matched the EMC's for 
wood. 

Litter group 3, pinel and cedar (recently cast, adsorp
tion and desorption), EMC's behaved similiarly at low 
RH'. with red pine (Po rainosG Ait .) from Van Wagner 
(1972) and TOdiata pine (P. radiola) from King and Linton 
(1963). At 82 percent RH, however, rawata pine had a 
9 percent higher EMC during adsorption. Although none 
of the litter samples used for comparisons were identified 
as weathered, five pine speeln were found to match best 
with litteT group 3 (weathered, adsorption and desoTp
tion): eastern white pine, (P . • trobtu L .) and jock pine 
(P. bowio ... Lamb.) from Van Wagner (1972); loblolly 
pine (P. to«la L .), slash pine (1'. f!lliottii Engelm.), and 
longleaf pine (P. paltutru Mill .) from Blackmarr (1971). 
Fo!' this litter group, the match in EMC was always 
within 2 percent until the RH increased to 80 percent 
or more. Most of the weathered litter samples corre
sponding to the litter samples of the recently cast litter 
groups 2 and 3 merge into the weathered phase oflitter 
group 2. 

Litter group 4, quaking aspen, western larch, and Welt. 

em white pine (recently cut, adsoTption and desorption), 
compared wen with sugar maple (Acf!:r IClCCharum Man:h.) 
and trembling aspen (Populru tnmulouu. Michx.) from 
Van Wagner (1972) up to a RH of 78 perc.nt, wh .... the 
latter went to highe!' EMCs. Generally, the EMCs were 
within 1 percent at RH's below 78 percent. The deciduous 
leaves used by BlackmarT, southern red oak (QIU1'CWI 
(okala Michx.), poot oak (Q . • ,.Ila'a Wangenh.), and 
mockernut hickory (Corya tonuntMa Nutt.), compared 
best with the litter group 4 (weathered, adlOTption and 
desorption) EMC's. The adsorption values at midrange 
RH for the oaks were about 2 percent lower in EMC than 
those found in this study. 

The use of EMC's for the1itter groups discussed. here, 
rather than thoee for wood, to represent foliar litter would 
produce tome significant changes in estimating fire dan
ger or fire behavior. For inatanl''!,.l1 ohhe litter groupo' 
EMC', are within 1 percent of each other at 278 OK (40 -F) 
and 10 per<ent RH, but STe 3.5 to 4.5 perc.nt highOT than 
thooo fOT wood. At 300 ' K (80 ' F) and RH's from 10 to 90 
percent, pine n"cDes are about 2 percent higher in EMC 
than wood and fir needlea. Deciduoualeavel ant about 
3.6 percent higher than wood over the tame RH l'8nge. 
nu. means that fOT a oy.tAm! buod on tho EMC of wood, 
the fire danger or fire behavior in needle and lear fuels 
can be overe.timated. But the revene can happen .t 
higheT tempeTOtUTeS, .uch .. tho 322-'K (120-' F) toot 
temperatuTe, where all of the EMC"s for foliar litten 
become Ie. than thet for wood above 40 percent RH, 
with cheatgrasa being lower by nearly 7 percent. In the. 
cues, the litter may be ignitable 1OOne1' than expected or 
continue to bum even though the RH shows an incre .... 

SUMMARY 
EMC values for some foliar litter, fine forest fuels, such 

8S Douglas-fir need1es, were close to that orthe NFDRS 
va1u" for wood for different temperatuTes and humidi
ties. EMC's of most litter samples, however, are higher 
than thoee of wood. For recently cast, adsorption and 
desorption, these litters can be classified from lowest to 
highest EMC's into four general groups: grasaes, spruce 
and fir needles, pine and cedar needles, and aspen and 
larch foliage. At 300 OK (80 OF) the spruce, fir , and pon
derosa pine needles had the lowest EMC's even after hav
ing weathered over winter for 6 months. The Test or the 
weathered litter groups are, in order from lowest to high· 
est EMC's, the pines; the grasses, and then larch, aspen, 
and cedar. 

The EMC's can be estimated by equations that relate 
the change in mOl8ture content to temperature and hu· 
midity. This approach uses the relationships given in the 
Gibbe free energy equations. The estimat.el are within 
±2 percent MC of the observed values for temperatures 
of 278 to 322 'K and RH'. of 10 to 90 percent. Litter 
EMC's dev;ate from the EMC for wood enough that sepa
rate calculations for fire danger rating or fire behav;or 
estimates may be required. These equations prov;de a 
meMa for estimating EMC and MC that allows TelOlution 
of the differences that exist in fuel types. 

Temperature had a significant effect on EMC. Foliar 
litters' EMC's were much lower at high temperatures 
than wood. This may explain the increased flamma
bility of some fuels on hot days or when heated by direct 
sunlight 80 the fuel temperature is higher than the air 
temperature. 
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For.st foliage that compriHs much of the forest floor litter has higher equilibrium mois
tur. content, EMC. than woody components. Th. EMC's at 300 oK war. found to increase 
as follows: grass •• < fir-spruce needles < ~n.-oedar needles < aspen leavas-Iarch 
needl.s. Equations that express Gibbs fr .. energy associated with moisture content war. 
used 10 devebp regression equations that predict the EMC's from temperatura and fala
tM! humidity, RH, for tomporaturo. betwoon 278 'K (40 oF) and 322 'K (120 OF) and RH's 
between 10 and 90 percent. 
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