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ABSTRACT--Measurements of more than 20,000 The large quantity and wide distribution of the
•Missouri trees were summarized by speciesand di- Missouri data make them of special interest as a
ameter classinto tables of mean annual diameter sourceof individual-tree growth, mortality, and vol-
growth, annual probability of survival, net cubicfoot ume information. Summarized here is information
volume, and net board foot volume. In the absence concerningmean annual diameter growth, mean an-
ofbetter.forecastingtechniques,this informationcan nua] survival rate, and mean cubic-footand board-
beutilized to projectshort-termchangesfor Missouri footvolume by speciesgroup and diameter class.In
trees, inventory plots, stands,or forests, the absencpof more sophisticatedtechniques,these

summariesare useful guides for estimating growth,
KEY WORDS: Cubicfootvolume,boardfootvolume, mortality, and volumefor Missouri treesandstands.

crown class,mortality.

The summaryofdiameter growth by speciesgroup
North Central Forest Experiment Station re- anddiameter class(table 1) showsthat meanannual

searchersare assemblingthe data necessaryto de- diameter growth rates ranged from well below 0.1
Velop a system of growth and mortality simulation inch (0.3 cm) per year for hickory to more than 0.3
models for the Central States similar to those used inch (0.8 cm) per year for cottonwood. The mean

for the Lake States species in the Stand and Tree annual diameter growth for all trees was 0.115 inch
_. Evaluation and Modeling System (STEMS). _ Much (0.292 cm). Averaged across all species, diameter

of the data for this research has come from Missouri. growth increased with increasing diameter, but this
In fact, nearly 3,000 forest inventory plots were mea- trend was not consistent for each species group in-
sured When Missouri's forests were surveyed in the dividually. Some of the variation in the diameter
early 1970's (Spencer and Essex 1976). Two thirds growth rates both among and within species groups
of those.plots were remeasurements of plots estab- is due to the different number of observations and

lished in 1959. 2 These plots include data for more different sampling error associated with each of the
than 20,000 trees in Missouri. mean values reported. Summaries of diameter growth

by crown class, diameter class, and species group

_Betche_ D. M.; Holdaway, M. R.; Brand, G. J. A clearly show the faster growth associated with trees
description of STEMS, the Stand and Tree Evalua- from dominant and codominant crown classes (table
tion and Modeling System (in prep.). 2).

21ncludes 226 plots from the Mark Twain National :
Forest that were established in 1971 and remeasured The mean annual survival rate for the sampled
in 1977. trees was 98.4 percent (table 3). Mean annual sur-
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viva-Irateswere generallylowerfortreeslessthan data.Growth estimatesinthoseprogramsareusu-
5 inchesin diameteror greaterthan 15 inchesin allyderivedfromincrementcorestakend_ing the_
diameterthantheywere fortrees6 to14inchesin inventoryorfromuser-suppliedgrowth-ratetables.
diameter. A similarsystemcouldbeadaptedforuseinMissouri

withthedataintables1-3 providingthebasisfor
Net cubic-footand board-footvolumesby species estimatinggrowth and mortality.Incrementcore

groupand diameterclasswere averagedfrommore measurementscouldbe usedto adjustthegrowth
than 13,000individualtreeobservations(tables4 ratetablestoreflectlocalconditions.
and 5).Grosstreevolumeswere calculatedusing
Stone'sequati0n3,which isa functionofobserved Forany oftheaboveprojectiontechniques,tree
breastheightdiameter,merchantableheight,and and standvolume can be estimatedfromtablesof
topdiameteroutsidebark.Grossvolumeestimates mean treevolume (tables4 and 5).Or,ifallthe
werecorrectedfordifferencesinbarkthi'cknessamong necessaryinformationwere available,localvolume
species;fieldestimatesofcullvolumewere applied equations,such as thosepreparedforMissouriby
tothesegrossvolumeestimatestoarriveatnettree Hahn (1975)couldbe used.
_volume.

When usingthe informationin tables1-5,re-
Minimum acceptabletopdiametersoutsidebark member thatallreportedvaluesareaveragesthat

were 4.0and 9.0inchesforpoletimberand sawtim- aresubjecttovariablityand thatsome averageval-
ber,respectively.However,poorformoftenlowered ues are basedon very few observations.Further-
merchantableheightbelowwheretheminimum top more,thesevaluesdo notaccountfortheeffectsof
diameteroccurred,sotopdiametersatmerchantable sitequality,standdensity,orstandmanipulationon
heightgenerallyincreasedasdiameterincreased.4 growth.Projectionsfora periodmuch longerthan

the11-yearspanencompassedbythebasicdatawould
Tables1-5 canbe usedtoestimateaveragetree- beofquestionablereliability.We anticipatethatwhen

' by-treegrowthand survivalforMissouriinventory thedatafromMissouriaremergedwithsimilarin-
plots.Such projectionsrequirea treelistthatitem- formationfromotherCentralStates,itwillbe pos-
izesspecies,diameter,andperhapscrownclassfora sibletoformulateand calibratea systemofSTEMS-
representativesampleoftreesfromthestandorstands typegrowthandmortalitymodelsapplicablebothin
beingconsidered.Alternatively,totalstandgrowth Missouriand in surroundingStates.Such models
can be estimatedusingthe standtableprojection would accountforsitequality,standdensity,and
techniquesdescribedby Husch etal.(1972).Stand inter-treecompetitiontoprovidemore accurateand
tableprojectionsrequirea summary ofthenumber morebiologicallyrealisticprojectionsoftreeandstand
oftreesby speciesand diameterclass, growththan arepossiblefrom theinformationre-

portedhere.

•Althoughsimpleinventoryprojectionscanbeim-
plementedusingonlya pencil,some paper,and a LITERATURE CITED
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j Table 1.--Hean annual diameter growth by species group and diameter class. Missouril
(In inches)

Diameter class (inches at breast height)
Numberof 1.0- 3.0- 5.0- 7.0- 9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0- 23.0- 25.0- 27.0- Average

Sp_.tes group observations 2.9 4.9 6.9 8.9 10.9 12.9 14.9 16.9 18.9 20.9 22.9 24.9 26.9 28.9 29.0+ all classes

Shortleaf ptne 912 .108 .118 .121 .131 .118 .125 .142 .129 .113 .110 .......... .123
•Baldcypress 17 ........ .117 .... .192 .250 .237 .154 -- .273 .291 .138 .194

Eastern redcedar 247 .077 .103 .082 .100 .095 .077 .121 ...... ...... -- -- .090
Select white oak 4.207 .058 .087 .102 .117 .124 .124 .130 .125 .124 .111 .119 .125 .126 .143 .138 .111

White oak 3,691 .058 .089 .104 .120 .128 .125 .130 .125 .123 .110 .113 .116 .122 .103 .127 .112
Swampwhite oak 111 .087 .114 .092 .111 .138 .165 .194 .141 .131 .i39 .223 .153 .149 .268 .246 .140
ChtnkaNn oak 335 .066 .061 .080 .086 .071 .080 .090 .095 .1_9 .100 .115 .147 .093 .094 .082

Other white oak 2,868 .053 .070 .080 .093 .088 .088 .082 .083 .080 .065 .070 .085 .064 .071 .287 .080
Post oak 2,855 .051 .070 .080 .093 .087 .087 .080 .083 .076 .063 .070 .085 .064 .071 .175 .079

Select red oak 839 .090 .138 .140 .168 .158 .180 .179 .167 .161 .177 .175 .186 .194 .205 .245 .164
N. red oak 805 .090 .135 .139 .167 .158 .178 .177 .163 .164 .170 .175 .189 .194 .205 .245 .163

Other red oak 5,134 .086 .127 .146 .156 .159 .159 .155 .160 .157 .171 .157 .158 .177 .179 .173 .148
Scarlet oak 782 .084 .134 .158 .184 .189 .194 .198 .196 .165 .191 .149 .213 .212 -- .185 .168
Shtng]eoak 128 ,255 ,170 ,164 ,171 ,209 ,208 ,215 ,159 ,217 ,104 -- ,105 ,254 .... ,182

. B]ack.lack oak 690 ,062 ,092 ,082 ,095 ,104 ,111 ,099 ,089 ,095 ,164 ,112 ,150 ...... ,093
Black oak • 3,409 .087 .132 .152 .158 .160 .157 .155 .159 .155 .162 .157 .151 .159 .179 .161 .150

Select htckory 1,848 .048 .070 .081 .091 .085 .101 097 .093 .089 .114 .106 .147 .141 .293 .373 .078
Bttternut htckory 107 .083 .112 .117 .102 .071 .130 .205 -- .100 ............ .106
Ptgnut Mckory 590 .040 .059 .076 .081 .078 .091 .085 .078 .087 .090 .100 ...... .373 .069
She]lbark htckory 120 .063 .076 .065 .102 .096 .103 .119 .090 .101 .157 .128 .... .150 -- .086
Shagbarkhtckory 356 .042 .064 .073 .090 .087 .118 .097 .114 .085 .092 -- .121 141 .... .079
Hockernut hickory 649 .048 .072 .083 .093 .085 .093 .079 .100" .075 .114 .070 .227 ...... .077

Other hickory 618 .036 .056 .066 .071 .072 .081 .060 .116 .112 .082 -- .173 .091 .... .059
Black hickory 618 .036 .056 .066 .071 .072 .081 .060 .116 .112 .082 -- .173 .091 .... .059

Basswood 27 .143 .033 .073 .093 .146 .088 .023 .062 .231 .141 .114 -- .045 .... .105
Beech 12 -- .073 -- .154 .264 .250 .... .082 -- .064 .036 -- -- .345 .147
Hard maple 228 .049 .061 .072 .098 .133 .122 .112 .102 .193 .081 .038 .175 .254 .140 -- .092
Soft maple 181 .036 .161 °260 .197 .283 .228 .371 .459 .367 .291 .251 .204 .808 .227 .132 .214

Stlver maple 116 .134 .233 .332 .210 .313 .216 .387 .459 .400 .291 .295 .431 .808 .227 .132 .303
Elm 585 .057 .086 .083 .110 .112 .111 .179 .119 .111 .157 .190 .149 .128 -- .246 .097

American elm 330 .069 .108 .093 .124 .109 .132 .221 .099 .114 .196 .217 .173 .093 -- .246 .113
Redelm 136 .045 .059 .089 .080 .128 .073 .096 .203 .082 .080 .149 .054 .250 .... .088

Black ash 5 .... .035 .130 ...... .120 ...... .040 .... .072
I_hite & green ash 403 .067 .105 .138 .142 .151 .115 .126 .181 .131 .080 .133 .124 .231 .263 -- .124

White ash 193 .059 .098 .123 .117 .129 .101 .118 .166 .115 .031 .090 .210 ...... .106
Green ash 210 .080 .113 .149 .169 .166 .122 .143 .191 .144 .097 .151 .081 .231 .263 -- .140

• Sycamore 134 .182 .211 .234 .215 .211 .197 .143 .213 .300 .234 .268 .187 .108 .210 .186 .209
Cottonwood 26 .260 -- - .588 -- .308 .850 .070 .577 -- .544 .366 .100 .070 .244 .341
Wtllow 38 .136 -- .387 .359 .276 .242 .238 .160 -- .133 .233 -- .110 -- .200 .232

I Hackberry 136 .049 .16! .155 .143 .116 .172 .128 .246 .200 .092 .122 .195 -- .244 .069 .147
Rtver btrch 34 .069 .175 .354 .218 .220 .281 - .236 .158 .248 .107 .157 .... .286 .217
Sweetgum 32 - .103 .046 .168 .168 .173 .077 .086 .146 .043 .046 -- .118 .... .118

•Black cherry 39 .231 .120 .167 .105 .147 .164 .066 .100 ...... .160 ...... .141
B]ack walnut 330 .122 .114 .115 .112 .123 .099 .115 .095 .084 .249 .131 .062 ...... .112

'_ Butternut 2 ........ .131 -- .173 ................ .152Ye]] ow-pop]ar 3 ...... .336 -- .291 .... .182 ...... "...... .270

It Other hardwoods 855 .050 .081 103 148 147 140 124 120 .098 .098 .084 117 156 .042 250 .084e e t

Sassafras 107 .052 .067 .067 .058 .110 ........ .100 .......... .058
Noncommercialspecies 138 .048 .082 .062 .186 .111 .................... .060

i All softwoods 1,176 .094 .111 .110 .127 .116 .121 .141 .137 .122 .183 .154 -- .273 .291 .138 .117
A]I hardwoods 18,722 ' .059 .093 .110 .126 .131 .131 .131 .136 .134 .136 .139 .148 .147 .169 .188 .115

AI] spectes 19,898 .061 .094 .110 .126 .130 .131 .132 .136 .134 .137 .139 .148 .148 .171 .185 .115

1Growthrates were calculated ustng as manyobservations as were available; somerates are based uponone observation.
Growth rates for each diameter class larger than 20 tnches were usually computedustng fewer than 2 percent of the total number
of obsgrvattons for a gtven spectes group.

•Zindented entrtes designate tnd|vtdua] spectes wtthtn a group that have 100 or moreobservations. Entries for the total
spectes group are not Indented and they tnclude data for al| spectes tn that group regardless of whether Information for one or
more of the Individual spectes In the group ts reported separately.
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Table3.--Meanannualprobabilityof survivalby speciesgroupand diameterclass,MlssouriI

Diameterclass (inchesat breastheight)
Numberof 1.0- 3.0- 5.0- 7.0- 9.0-11.0-13.0-15.0-17.0-19.0-21.0-23.0-25.0-27.0- Average

Speciesgroup observations 2.9 4.9 6.9 8.9 10.9 12.9 14.9 16.9 18.9 20.9 22.9 24.9 26.9 28.9 29.0+ all classes

Shortleafpine 979 .971 .977 .991 .999 .999 .998 .9951.0001.000 ............ .992
Baldcypress 22 .............................. .978
Easternredcedar 262 .985 .997 .998 .997 .995 .991 ....... "- ...... .... .994
Selectwhiteoak 4,572 .980 .984 .992 .995 .997 .997 .996 .993 .992 .989 .994 .991 .983 .996 .988 .992
Otherwhiteoak 3,264 .967 .984 .991 .993 .995 .992 .993 .990 .991 .986 .980 .992 .992 .988
Selectred oak 932 .975 .990 .987 .996 .993 .993 .989 .992 .993 .997 .995 .977 .974 .973 .992 .990
Otherred oak 6,098 .954 .983 .987 .991 .991 .990 .986 .985 .981 .981 .975 .975 .978 .970 .973 .984
Selecthickory 2,053 .981 .991 .994 .996 .994 .989 .991 .988 .989 .984 .......... .990
Otherhickory 723 .978 .983 .988 .993 .992 .988 .985 .981 .............. .985
Basswood _ 31 .............................. .989
Beech 12 .............................. I.000
Hardmaple 249 .989 .991 .996 .997 .994 .988 .9961.000 .............. .992
Softmaple 224 .981 -- '.985 .987 .990 .985 .972 .974 .981 .......... .934 .979
Elm - • 1.315 .973 .964 .953 .935 .938 .911 .909 .878 .878 .864 .889 .861 .932 -- .842 .935
White & green ash 496 .965 .976 .976 .988 .994 .991 1.000 .993 .991 ............ .982
Sycamore " 158 .978 -- .982 .986 .981 .988 -- 1.000 -- .988 .......... .986
Cottonwood 37 .............................. .971
Willow ' 95 .902 ...... .929 .979 .871 .866 .............. .924
Hackberry 142 .991 .986 .994 .996 .996 .995 .983 ................ .994
Riverbirch 48 .............................. .974
Sweetgum 39 .... -- .990 ...................... .983
BIackcherry 49 .... .984 ........................ .981
Black walnut • 391 .965 .979 .979 .985 .991 .994 .983 1.000 .993 ............ .986
Other hardwoods 1,107 .973 .976 .954 .983 .992 .980 .976 .991 .980 .981 .......... .975
Noncommercial species 278 .940 .955 .931 ........................ .941

• All softwoods 1.263 .977 .985 .993 .998 .998 .996 .995 .995 1.000 ............ .992
All hardwoods 22,3215 .970 .982 .986 .990 .991 .990 .987 .984 .981 .981 .977 .976 .974 .967 .953 .984

All species 23,_ .970 .982 .987 .991 .992 .990 .987 .984 .981 .981 .977 .976 .975 .967 .954 .984

1All values based uponat least 10 observations.
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Table 4.--Average net merchantable volume per tree by species group and diameter class, Mtssourt

(In cubic feet)

Diameter class (inches at breast height)
Numberof 5.0- 7.0- 9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0- 23.0- 25.0- 27.0-

Species group. observations 6.9 8.9 10.9 12.9 14.9 16.9 18.9 20.9 22.9 24.9 26.9 28.9 29.0+

Shortleaf ptne 889 2.36 5.12 9.58 14.70 20.22 29.81 38.42 52.21 ..........
Baldcypregs 17 -- 3.91 .... 23.89 23.44 35.69 48.15 69.62 98.71 -- 119.57 155.30
Eastern redcedar 192 2.00 4.50 8.19 11.58 17.46 20.28 ..............
Select white oak 3,291 2.42 5.12 9.29 14.69 19.99 27.22 35.67 41.89 51.96 65.25 68.26 66.34 117.61
Other white oak 1,545 2.34 4.75 7.95 12.08 16.87 22.39 27.69 38.69 46.75 55.63 60.88 0 223.62
Select red oak 501 2.72 5.13 9.16 14.72 21.21 29.05 35.69 47.43 71.88 73.55 102.69 129.61 134.26
Other red oak 3.704 2.38 5.22 8.99 14.01 19.91 27.32 36.17 44.52 52.11 66.42 89.05 95,51 128.01
Select hickory 568 2.23 5.01 9.04 15.20 22.10 31.16 37.70 49.75 75.08 89.70 -- 153.04 192.91
Other hickory 614 2.13 4.89 8.76 14.22 20.63 28.05 42.67 57.08 63.10 94.72 44.76 ....
Basswood 11 -- 2.89 7.16 13.35 18.47 30.05 ..............
Beech 1 ........... 26.28 ..............
Hard mple 99 2.47 5.28 9.66 15.59 20.76 32.94 31.50 ............
Soft maple 84 2.63 6.58 11.70 16.06 23.67 30.02 35.31 48.02 63.04 89.56 88.14 -- 171.66
Elm " 269 2.36 5.11 9.21 14.50 18.78 28.60 42.18 43.18 62.93 57.16 83.81 93.74 251.30
_lack ash 7 2.59 .... 8.21 ........ 45.59 46.60 ......
White & green ash 226 2.45 5.19 9.54 13.48 21.58 27.18 35.68 44.35 46.52 59.69 86.05 -- 183.56
Sycamore 222 3.10 7.10 12.41 19.05 28.45 42.63 48.57 60.52 76.82 110.12 126.48 137.22 226.41
Cottonwood 147 2.48 5.66 10.70 17.60 27.40 36.83 50.94 73.12 81.64 106.78 94.93 204.76 306.42
Wt11ow 199 2.47 6.01 11.77 19.16 28.15 41.07 66.12 90.01 ..........
Hackberry 66 2.29 4.15 8.50 13.06 18.26 31,85 50.55 51.15 -- 48.96 69.22 ....
River birch 68 2.46 6.08 9,21 16.67 24.76 27.57 37.00 47.31 58.00 .... 106.23 206.78
Swoetgum 23 1.28 4.84 10.30 14.04 11.90 31.82 35.97 ........ 155.90
BlaCk cherry 15 2.19 4.77 6.01 13.92 20.63 30.58 31.98 ............
B1ack walnut 290 2.38 5.04 8.68 13.62 18.94 22.90 34.78 40.75 38.93 61.55 77.35 ....
Butternut 5 2.51 5.36 -- 11.15 -- 30.36 ..............
Yellow-I)oplar 1 ........................ 161.46
Other hardwoods 185 1.94 4.89 9.15 12.93 19.05 24.16 33.30 50.32 60.78 83.77 36.45 51.95 135.64

A]I softwoods 1,098 2.24 4.99 g.39 14.50 20.07 28.78 38.06 51.05 69.62 98.71 -- 119.57 155.30
All hardwoods 12,141 2.36 5.10 9.06 14.32 20.24 28.00 37.58 46.45 58.68 75.44 88.65 108.78 193.95

All species 13,239 2,35 5.09 9.09 14.33 20.23 28.02 37.59 46.57 58.82 75.68 88.65 109.32 191.42
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Table 5.--Averagenet merchantablevolume per tree by species group and diameter class. Missouri

(In board feet)1

Diameterclass (inchesat breast height)
Number of 11.0- 13.0- 15.0- 17.0- 19.0- 21.0- 23.0- 25.0- 27.0-

Species group observations 12.9 14.9 16.9 18.9 20.9 22.9 24.9 26.9 28.9 29.0+

Shortleafpine 260 81.66 121.27 177.48 230.71 345.00 ..........
Baldcypress 16 -- I01.24 121.92 187.58 261.45 318.96 420.34 -- 560.80 649.71
Easternredcedar 17 61.56 103.03 99.69 ..............
Selectwhite oak 1.607 70.85 96.20 128.73 165.47 203.42 233.85 301.81 357.57 349.69 432.54
Other white oak 510 59.27 84.12 106.41 136.87 180.25 226.24 262.26 271.98 -- 956.81
Select red oak 315 68.12 109.12 142.78 192.30 245.13 337.80 354.89 355.68 737.87 687.68
Other red oak 1,672 70.06 100.78 140.89 181.34 224.22 270.15 310.92 358.34 395.92 495.27
Select hickory 201 75.58 102.81 149.34 185.03 285.16 363.38 412.56 -- 606.67 805.94
Other hickory 154 71.77 96.01 142.66 193.36 261.54 378.31 510.11 236.45 ....
Basswood 8 52.63 69.97 118.09 ..............
Beech I .... 120.87 ..............
Hard maple 25 57.28 74.43 132.42 100.59 ............
Soft maple 49 83.78 121.46 145.92 140.39 200.23 248.10 463.20 345.08 -- 575.79
Elm 84 59.89 78.19 127.72 171.21 174.45 303.08 379.96 320.20 360.49 406.36
Black ash 3 32.85 -....... 146.56 212.05 ......

White & green ash 92 51.71 89.08 135.79 172.19 176.27 218.65 414.11 616.18 -- 1,028.90
Sycamore 165 72.64 122.69 190.64 230.46 293.40 415.32 581.99 521.26 861.20 1,084.95
Cottonwood 124 104.25 147.98 194.50 264.05 378.71 437.22 542.86 578.25 955.59 1,449.77
Willow 116 85.29 129.94 195.32 290.05 392.42 ........
Hackberry 25 59.93 89.12 149.29 189.64 290.95 -- 190.09 458.79 ....
River birch 36 80.62 110.09 127.59 213.86 369.69 354.89 .... 378.94 745.62
Sweetgum 13 64.51 100.46 157.35 275.52 ........ 888.43 --
Black cherry 7 59.08 78.90 135.69 160.24 ............
Blackwalnut 133 59.22 88.47 115.40 179.65 191.22 180.07 359.08 428.27 ....
Butternut 2 56.44 -- 113.57 ..............
Yellow-poplar 1 .................. 326.50
Other hardwoods 82 60.49 I01.70 145.88 175.23 256.51 341.35 313.54 446.73 238.74 819.32

All softwoods 293 80.42 119.68 168.87 224.96 321.13 318.96 420.34 -- 560.80 649.71
All hardwoods 5,425 68.92 98.71 137.85 183.87 231.03 290.74 370.51 397.85 538.92 815.53
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