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eMeRAlD ASH BoReR MoDelING MeTHoDS  
FoR FuTuRe FoReST PRojecTIoNS

Ryan D. DeSantis, W. Keith Moser, Robert j. Huggett, jr., Ruhong li, David N. Wear, and Patrick D. Miles1

Abstract.—The emerald ash borer (Agrilus planipennis Fa�rma�re; EAB) �s a nonnat�ve 
�nvas�ve �nsect that has caused cons�derable damage to ash (Fraxinus spp.) �n North 
Amer�ca. Unl�ke �nvas�ve organ�sms that can be m�t�gated, conta�ned, controlled, or 
even erad�cated, EAB cont�nues to spread across North Amer�ca. The loss of the North 
Amer�can ash resource �s poss�ble cons�der�ng l�terature suggests close to 100 percent 
probab�l�ty of host tree mortal�ty. We modeled future spat�al and temporal changes �n 
forest compos�t�on from 2010 to 2060 w�th and w�thout ash mortal�ty ant�c�pated from 
EAB spread for the purpose of exam�n�ng ant�c�pated effects of EAB on tree spec�es 
compos�t�on. To forecast m�dwest and northeast Un�ted States future forest cond�t�ons, 
we ut�l�zed Forest Inventory and Analys�s (FIA) data, the extent of EAB �n the Un�ted 
States and Canada, est�mated EAB spread rate, est�mated EAB host mortal�ty probab�l�ty, 
and models of human populat�on, energy, consumpt�on, land use, and econom�cs. We 
found that �n most cases, EAB w�ll not substant�ally affect the ecosystem funct�on of 
future forests measured by FIA because ash compr�ses a small proport�on of m�dwest 
and northeast U.S. forests, and �t w�ll be replaced by assoc�ated spec�es. Although the 
trans�t�on from ash to other spec�es could take decades, forests may eventually recover 
when assoc�ated spec�es replace ash.
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INTRoDucTIoN
Knowledge of host tree suscept�b�l�ty r�sk and 
temporal and spat�al knowledge of �nsect spread rates 
are �mportant for efforts to help m�t�gate adverse 
econom�c and ecolog�cal effects of �nvas�ve �nsects 
on forests (e.g., Tob�n et al. 2004). Consequently, 
model�ng EAB spread can dr�ve the dec�s�onmak�ng 
process and could help w�th detect�ng, mon�tor�ng, 

and slow�ng EAB spread (Prasad et al. 2010). EAB 
ash �nfestat�on has negat�vely affected the econom�c, 
ecolog�cal, aesthet�c, and cultural �nterests of a 
var�ety of stakeholders �nclud�ng forest land owners, 
landowners �n urban areas, tree nurser�es, and Nat�ve 
Amer�can tr�bes (e.g., us�ng black ash (Fraxinus nigra 
Marsh.) as a cultural resource for basket weav�ng) 
(Poland and McCullough 2006). Pr�vate landowners 
can protect �nd�v�dual ash trees w�th var�ous chem�cal 
treatments but there does not appear to be any effect�ve 
broad-scale treatment to m�t�gate the effects of EAB. 
Project�ons of future forest compos�t�on would be 
benef�c�al for forest resource management �n North 
Amer�can forests w�th ash, espec�ally cons�der�ng 
the econom�c and ecolog�cal consequences. Research 
�nd�cates the effects of EAB on North Amer�can 
forests w�th ash may already be v�s�ble �n FIA data 
(Pugh et al. 2011). We used FIA data and EAB current 
range, est�mated spread rate, and host mortal�ty 
data to project future EAB spread and subsequent 
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ash mortal�ty. In th�s paper, we br�efly descr�be our 
model�ng structure, prov�de some �ns�ght �nto the 
�ntens�ty and trajectory of the �mpact of EAB, and 
d�scuss consequences for future stand development.

MoDelING MeTHoDS
Th�s document �s part of an effort to forecast the effect 
of current and future soc�etal and natural resource 
trends on the structure and compos�t�on of future 
forests and to project how those effects alter forest 
ecosystem serv�ces (Sh�fley et al. 2012). These efforts 
forecasted future forest cond�t�ons for 20 states �n 
the Northern Research Stat�on reg�on by assess�ng 
current forest cond�t�ons and recent forest changes 
(USDA Forest Serv�ce 2012). Forecasts were created 
�n 5-year �ncrements for the per�od 2010-2060 and 
project�ons of future forests were based on FIA forest-
type groups (Wear et al. �n press) wh�ch were used to 
group forest types developed from mult�ple sources 
�nclud�ng l�sts from FIA and the Soc�ety of Amer�can 
Foresters. Forecast�ng used a scenar�o approach w�th 
a range of plaus�ble futures respons�ve to human 
populat�on d�str�but�ons, global econom�c cond�t�ons, 
energy and technology use, cl�mate (comb�nat�ons 
of three Intergovernmental Panel on Cl�mate Change 
[IPCC] scenar�os and four General C�rculat�on Models 
[GCMs]; hereafter referred to as “storyl�nes”), t�mber 
harvest�ng, land use change, other d�sturbance factors, 
and natural success�on.

By �ncorporat�ng EAB effects �nto one of the 
storyl�nes (the A2 CGCM 3.1 storyl�ne as descr�bed 
�n USDA Forest Serv�ce 2012), we projected forest 
changes from 2010 to 2060 w�th and w�thout the 
ant�c�pated effects of EAB. We ass�gned an EAB 
spread rate of 20 km/year (Prasad et al. 2010) and 
a host mortal�ty probab�l�ty est�mate of 100 percent 
(Herms et al. 2010) w�thout any ash regenerat�on, �n 
order to model the future effects of EAB �nfestat�on 
on black, green (Fraxinus pennsylvanica Marsh.), and 
wh�te ash (Fraxinus americana L.) �n m�dwest and 
northeast U.S. forests. Data from the U.S. Department 
of Agr�culture, An�mal and Plant Health Inspect�on 
Serv�ce (APHIS), Plant Protect�on and Quarant�ne 

program and the Canad�an Food Inspect�on Agency 
were used to �dent�fy the core �nfested area of U.S. 
count�es and Canad�an reg�onal mun�c�pal�t�es 
where EAB was detected by 31 December 2010. We 
forecasted a 20 km/year spread rate from th�s core 
�nfested area from 2010 to 2060 (F�g. 1). Ash �s found 
throughout the m�dwest and northeast Un�ted States 
but the h�ghest concentrat�ons are located �n Ma�ne, 
M�ch�gan, M�nnesota, New York, Pennsylvan�a, and 
W�scons�n, so th�s �s where we focused our analyses. 
Ash mortal�ty was appl�ed for each �nventory un�t 
when �t was subsumed by EAB spread, and project�ons 
commenced �n 2015 because the range of EAB 
as of 31 December 2010 was appl�ed to the 2015 
project�ons. Our project�ons of future forests were 
carr�ed out through 2060, but the ant�c�pated EAB 
spread encompassed the ent�re m�dwest and northeast 
Un�ted States by 2050 (F�g. 2). Here, we compare 
results of a non-EAB (“standard”) scenar�o to results 
of the same scenar�o w�th the projected EAB effects 
�ncluded (“EAB”).

ReSulTS
Future forest project�ons suggested a decrease �n 
the number of all trees ≥2.54 cm diameter at breast 
he�ght (d.b.h.) by 2060 w�th the standard model. The 
EAB model projected a larger decrease over the same 
per�od, and �t projected the loss of ash �n all 20 states 
to occur by 2050 (Table 1, F�g. 2). Volume project�ons 
suggested substant�al var�at�on across states (Table 
2). The standard model projected smaller volume 
decreases �n most forest-type groups than d�d the EAB 
model (Table 3). Th�s trend was apparent w�th forest-
type groups where ash was a major component such 
as elm-ash-cottonwood (E-A-C), but th�s was not the 
case w�th forest-type groups where ash was a m�nor 
component, such as spruce-f�r. However, �n Ma�ne 
the standard model projected larger volume decreases 
�n E-A-C than d�d the EAB model, �n M�nnesota 
the standard model projected larger decreases �n the 
oak-h�ckory forest-type group (O-H) than d�d the 
EAB model, and �n Pennsylvan�a the standard model 
projected larger decreases �n O-H than d�d the EAB 
model.
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Figure 1.—United States counties and Canadian regional municipalities where EAB was detected by 31 December 2010 
are shown in purple and were based on data from USDA Animal and Plant Health Inspection Service, Plant Protection and 
Quarantine program and Canadian Food Inspection Agency. The projected EAB spread rate of 20 km/year is shown in 5-year 
intervals in dark red lines, whereby the innermost (from center) dark red spread line corresponds with 2020 and outermost 
2050.
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Figure 2.—Using dates when EAB spread subsumes each inventory unit (black lines within each state), the projected  
mortality of ash due to EAB is shown for each midwest and northeast FIA inventory unit. EAB spread in New York, Vermont, 
New Hampshire, and Maine was influenced by EAB infestations in Ontario and Québec, Canada regional municipalities.  
EAB spread was not influenced by EAB infestations in Tennessee, Kentucky, or Virginia or in other Canadian locations.  
This projection assumed EAB spread caused ash mortality once the spread subsumed each inventory unit.

Table 1.—Total number of all trees ≥2.54 cm d.b.h. on forest land in billions by state, year, and model. See 
text for model descriptions.

 Standard model eAB model
 2010 number of all trees 2060 number of all trees Percent change 2060 number of all trees Percent change
State ≥2.54 cm d.b.h. (billions) ≥2.54 cm d.b.h. (billions) (2010 to 2060) ≥2.54 cm d.b.h. (billions) (2010 to 2060)

Maine 23.32 20.87 -11 20.54 -12
Michigan 14.03 12.25 -13 11.25 -20
Minnesota 13.06 11.37 -13 9.97 -24
New York 12.19 11.54 -5 10.93 -10
Pennsylvania 8.35 7.27 -13 6.94 -17
Wisconsin 10.92 9.56 -12 8.67 -21
Total 81.87 72.86 -11 68.30 -17
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Table 2.—Total volume of all trees ≥12.70 cm d.b.h. on forest land in million cubic meters, by state, year, 
and model. See text for model descriptions.

 Standard model eAB model
 2010 percent of total   Percent  Percent
State land area in forest land 2010 volume 2060 volume volume change 2060 volume volume change

Maine 89 721.53 765.77 6 735.67 2
Michigan 55 893.47 970.97 9 927.14 4
Minnesota 33 512.51 634.39 24 591.84 15
New York 63 1,121.59 1,197.25 7 1,152.14 3
Pennsylvania 58 1,002.02 986.75 -2 984.24 -2
Wisconsin 48 658.13 817.09 24 766.66 16
Total 53 4909.25 5372.22 9 5157.69 5

Table 3.—Total volume of trees ≥12.70 cm d.b.h. on forest land in million cubic meters, and percent 
change in total volume of trees on forest land, by state, forest-type group, and model. See text for model 
descriptions.
Maine
 Percent change
 2010-2060
 2010 total Standard EAB
Forest-type group volume model model

White-red-jack-pine 77.38 0 1
Spruce-fir 212.64 11 4
Oak-hickory 18.30 13 5
Elm-ash-cottonwood 11.54 -45 -23
Maple-beech-birch 308.64 10 5
Aspen-birch 67.19 -13 -9

Michigan
 Percent change
 2010-2060
 2010 total Standard EAB
Forest-type group volume model model

White-red-jack-pine 100.58 52 49
Spruce-fir 109.21 -6 -9
Oak-hickory 150.92 1 0
Elm-ash-cottonwood 84.98 -7 -28
Maple-beech-birch 313.00 8 6
Aspen-birch 105.35 2 -9

Minnesota
 Percent change
 2010-2060
 2010 total Standard EAB
Forest-type group volume model model

White-red-jack-pine 49.70 21 23
Spruce-fir 79.76 5 -3
Oak-hickory 91.12 -23 -8
Elm-ash-cottonwood 52.00 115 39
Maple-beech-birch 53.77 -18 -26
Aspen-birch 170.84 48 44

New york
 Percent change
 2010-2060
 2010 total Standard EAB
Forest-type group volume model model

White-red-jack-pine 90.04 22 3
Spruce-fir 35.84 17 33
Oak-hickory 167.49 71 46
Elm-ash-cottonwood 57.72 -79 -83
Maple-beech-birch 663.28 1 3
Aspen-birch 29.89 -57 -61

Pennsylvania
 Percent change
 2010-2060
 2010 total Standard EAB
Forest-type group volume model model

White-red-jack-pine 26.46 16 15
Spruce-fir 1.32 -25 -25
Oak-hickory 538.25 1 -3
Elm-ash-cottonwood 14.62 55 -15
Maple-beech-birch 364.00 -8 -1
Aspen-birch 10.37 61 53

Wisconsin
 Percent change
 2010-2060
 2010 total Standard EAB
Forest-type group volume model model

White-red-jack-pine 80.51 126 114
Spruce-fir 40.27 10 4
Oak-hickory 182.85 4 7
Elm-ash-cottonwood 58.27 23 2
Maple-beech-birch 180.86 -4 -7
Aspen-birch 88.20 11 -1
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DIScuSSIoN
There was l�ttle or no d�fference �n the number of 
all trees ≥2.54 cm d.b.h. and volume between the 
standard and EAB models �n states where ash was 
not an �mportant genus (e.g., Ma�ne, 2 percent of 
total grow�ng stock volume) (Table 4). D�fferences 
between the standard and EAB models were greater 
�n states where ash was a more prom�nent genus (e.g., 
M�nnesota, 8 percent of total grow�ng stock volume). 
For example, the effect of ash mortal�ty on d�fferences 
between the EAB and standard models was most 
apparent �n M�nnesota and least apparent �n Ma�ne 
because ash contr�buted a much larger port�on of the 
total grow�ng-stock volume �n M�nnesota than �t d�d 
�n Ma�ne. Th�s led to a greater d�fference between 
the standard and EAB models �n M�nnesota than �n 
Ma�ne. Ash represented a larger component of forest 
and was predom�nately found �n E-A-C forests �n 
M�nnesota, so the major�ty of changes �nvolved forest 
types �n the E-A-C forest-type group. S�m�larly, 
M�nnesota volume d�ffered between the standard and 
EAB models (Tables 2 and 3). Ash represented a very 
small component of forest and was more prevalent �n 
O-H than E-A-C forests �n Ma�ne, so most changes 
�n forest types d�d not �nvolve forest types �n E-A-C 
forests. Therefore, �n Ma�ne the projected number of 
all trees ≥2.54 cm d.b.h. and volume were similar for 
both the standard and EAB models, �nd�cat�ng that 
the EAB model d�d not appear to substant�ally alter 
Ma�ne’s E-A-C project�ons trajectory. Ma�ne O-H 

volume trends between the standard and EAB model 
results were s�m�lar as well. Ma�ne standard and 
EAB model results for E-A-C and O-H forests were 
probably s�m�lar because ash represented a very small 
proport�on of total grow�ng stock. The forest changes 
pred�cted by the standard model were based on trends 
observed between FIA �nventor�es pr�or to 2010. For 
the standard model, those trends greatly �nfluenced the 
probab�l�ty of forest compos�t�onal changes, �nclud�ng 
trans�t�on�ng �nto or out of forest type-groups w�th ash 
such as E-A-C or O-H. For example, the M�nnesota 
standard model projected an �ncrease �n E-A-C volume 
because E-A-C volume �ncreased between recent 
pr�or �nventor�es. L�kew�se, the Ma�ne standard model 
projected a decrease �n E-A-C volume because E-A-C 
volume decreased between recent pr�or �nventor�es. 
For the same reason, the M�ch�gan standard model 
projected a decrease �n E-A-C forests. Cons�der�ng 
EAB has been establ�shed �n M�ch�gan s�nce the early 
1990s (S�egert et al. 2007), the decrease between 
recent �nventor�es may have been partly due to EAB 
effects on ash.

We summar�zed the effects of EAB on the number and 
volume of ash trees for the broad category of forest-
type groups and the large scale of states. It �s �mportant 
to cons�der geograph�c d�fferences �n the compos�t�on 
of each forest-type group s�nce we analyzed changes 
by forest-type group. For example, ash does not 
compr�se a substant�al amount of any forest-type group 

Table 4.—Total volume of growing-stock trees and total volume of ash growing stock ≥12.70 cm d.b.h. on 
forest land, in million cubic meters, by state.

 2010 total trees 2010 ash trees 2010 ash percentage
State growing-stock volume growing-stock volume of growing-stock volume

Maine 673.66 14.87 2
Michigan 827.05 40.08 5
Minnesota 443.82 35.11 8
New York 1032.29 76.11 7
Pennsylvania 939.29 46.54 5
Wisconsin 601.61 37.15 6

Total 4517.71 249.86 6
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�n Ma�ne, M�nnesota E-A-C �s compr�sed ma�nly 
of green and black ash, and ash m�ght compr�se a 
larger port�on of O-H than E-A-C �n other states. Our 
model�ng suggested the trans�t�on from ash to other 
spec�es could progress slowly as ash �s replaced by a 
var�ety of assoc�ated spec�es, desp�te our assumpt�on 
that EAB w�ll cause 100 percent ash mortal�ty. Our 
model�ng suggested that EAB effects �n non-urban 
forests measured by FIA may not cause forest-type 
group changes because assoc�ated spec�es not prone 
to EAB �nfestat�on have the potent�al to offset the loss 
of ash trees and the�r assoc�ated volume. On the other 
hand, EAB �nfestat�on could lead to canopy gaps and 
fac�l�tate an �ncrease �n nat�ve and nonnat�ve �nvas�ve 
plant spec�es (Gandh� and Herms 2010). Ult�mately, 
our model�ng may not apply to urban areas not 
measured by FIA, where there could be a larger  
�mpact due to the extens�ve d�str�but�on of urban ash.
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