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RelATIoNSHIP BeTWeeN cRoWN DIeBAcK AND DRouGHT  
IN THe SouTHeASTeRN uNITeD STATeS

Michael K. crosby, Zhaofei Fan, Martin A. Spetich, Theodor D. leininger, and Xingang Fan1

Abstract.—Forest Health and Mon�tor�ng (FHM) and Palmer’s Drought Sever�ty Index 
(PDSI) data were obta�ned for 11 states �n the southeastern Un�ted States to assess the 
relat�onsh�p between drought and crown d�eback. Correlat�on analyses were performed 
at the spec�es group and ecoreg�on levels w�th�n the study area. The results �nd�cate a 
negat�ve correlat�on between drought and crown d�eback w�th�n 3 to 5 years of the onset 
of drought cond�t�ons.
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INTRoDucTIoN
Crown d�eback, a crown health �nd�cator collected 
dur�ng Phase 3 sampl�ng by the Forest Health and 
Mon�tor�ng (FHM) Program of the U.S. Forest 
Serv�ce, prov�des an early �nd�cat�on of tree stress 
by est�mat�ng the amount of death that has occurred 
�n a tree crown (Schomaker et al. 2007). We seek to 
use crown d�eback as a f�rst �nd�cat�on of the �mpacts 
of drought on forests �n the southeastern Un�ted 
States. Reg�onal d�fferences �n crown d�eback such as 
elevated crown d�eback �n maple spec�es (Acer spp.) 
throughout the northeastern Un�ted States and red 
oak spec�es (Quercus, sect�on Lobatae) �n the Ozark 
H�ghlands (Fan et al. 2008, Randolph 2009) �nd�cate 
that trees may react d�fferently to sources of stress. 
Typ�cally, hardwood spec�es w�ll shed leaves to avo�d 
drought stress wh�le p�ne spec�es typ�cally have less 
leaf area from the outset (Barnes et al. 1998). In the 
southeast, Randolph (2009) found that oak spec�es had 
h�gher levels of crown d�eback than p�nes. Further, 
denser oak stands exh�b�t a h�gher suscept�b�l�ty to 

drought �n some areas of Alabama, Georg�a, and 
V�rg�n�a that could lead to an �ncrease �n mortal�ty 
(Klos et al. 2009) or �ncreased suscept�b�l�ty to damage 
from f�res or �nsects.

Mon�tor�ng the suscept�b�l�ty to damage over a large 
scale �s an �mportant f�rst step �n understand�ng the 
�nteract�on between cl�mate and forests. To th�s end, 
we wanted to determ�ne the relat�onsh�p between 
crown d�eback and drought w�th�n var�ous spec�es 
groups by forest type and ecoreg�on. Our hypothes�s 
was that relat�onsh�ps w�ll vary among the selected 
groups and g�ve an overall �mpress�on of the �mpact of 
drought on southeastern U.S. forests.

MeTHoDS
Crown d�eback, plot locat�on (�.e., lat�tude and 
long�tude), and �nventory year were extracted from 
FHM �nventory data obta�ned from the U.S. Forest 
Serv�ce for all trees w�th a d�ameter at breast he�ght 
(d.b.h.) greater than 5 �nches for ava�lable states �n 
the southeastern Un�ted States (Alabama, Arkansas, 
Flor�da, Georg�a, Kentucky, Lou�s�ana, North Carol�na, 
South Carol�na, Texas, Tennessee and V�rg�n�a). 
PDSI data (Palmer 1965), a commonly used �ndex for 
assess�ng drought, were obta�ned from the Nat�onal 
Cl�mat�c Data Center of the Nat�onal Ocean�c and 
Atmospher�c Adm�n�strat�on to determ�ne the sever�ty 
and durat�on of drought across the southeastern Un�ted 



Moving from Status to Trends: Forest Inventory and Analysis Symposium 2012 317GTR-NRS-P-105

States. FHM and PDSI data were then d�splayed �n a 
geograph�c �nformat�on system (GIS) and jo�ned so 
that PDSI values were extracted to the FHM plot. Th�s 
allowed for a completed dataset of crown d�eback and 
PDSI for each tree record �n the dataset. The data were 
then extracted by spec�es group w�th�n each forest type 
and then by ecoreg�on. It was then poss�ble to assess 
the relat�onsh�p between crown d�eback and PDSI 
across forest types and ecoreg�ons for each spec�es 
group. 

ReSulTS
The p�ne spec�es group d�d not y�eld any s�gn�f�cant 
relat�onsh�ps w�th PDSI, forest type, or ecoreg�on. 
The red oak, wh�te oak (Quercus sect�on Quercus), 
and other hardwood spec�es groups all exh�b�ted 
s�gn�f�cant relat�onsh�ps w�th forest type, w�th p�ne, 
oak/p�ne, and oak/h�ckory hav�ng elevated levels 
of crown d�eback. PDSI and ecoreg�on were also 
s�gn�f�cant explanatory var�ables for red oak and wh�te 
oak spec�es groups w�th the h�ghest levels of crown 
d�eback occurr�ng �n areas �mpacted by drought (Table 
1). These prel�m�nary f�nd�ngs can be used to further 
ref�ne models to mon�tor crown health w�th �nd�cators 
of drought.
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Table 1.—The most significant variables for assessing crown dieback in the southeastern united States 
by species group

Species Group Significant variables crown Dieback (%)

Red Oaks Pine, Oak/Pine, and Oak/Hickory forest types 19.7

Eastern Broadleaf Forest (Oceanic), Outer Coastal Plain Mixed Forest, 
Lower MS Riverine Forest, Ouachita Mixed Forest/Meadow Ecoregions

26.7

3-Year Cumulative PDSI ≥1.28 36.8

White Oaks Prairie Parkland Ecoregion 33.2

Pine, Oak/Hickory, and Oak/Gum/Cypress forest types 39.6

7-Year Cumulative PDSI < -1.802 64.8

Other Hardwoods Pine, Oak/Pine forest types 42.6
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