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FORESTS AT RISK
CLIMATE CHANGE AND THE FUTURE OF THE AMERICAN WEST

FEBRUARY 18, 2011  .  ASPEN, COLORADO

This is a call to action. 
If you love forests, if you 
think for a moment about 
the obligation we have to 
those who come after us, 
then you’ll see, this is a 
forest issue, it’s a political 
issue, it’s an economic issue, 
it’s a national security 
issue, it’s a jobs issue, but 
at bottom it is a moral issue.
— AL GORE
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-LP�:RUUDOO�LV�D�SODQW�SDWKRORJLVW�ZLWK�WKH�86�)RUHVW�6HUYLFH��ZKR�UHFHLYHG�KLV�3K'�LQ�SODQW�SDWKRORJ\� 
IURP�WKH�8QLYHUVLW\�RI�&DOLIRUQLD��%HUNHOH\��DQG�ZDV�DVVRFLDWH�SURIHVVRU�DW�WKH�&ROOHJH�RI�(QYLURQPHQWDO�

6FLHQFH�DQG�)RUHVWU\�LQ�6\UDFXVH��1HZ�<RUN�EHIRUH�MRLQLQJ�WKH�)RUHVW�6HUYLFH��+H�KDV�FRQGXFWHG�IRUHVW�UHVHDUFK�
in Germany, Alaska, California, New York, New Hampshire and Colorado. Jim is the leading authority on 
VXGGHQ�DVSHQ�GHFOLQH��D�SKHQRPHQRQ�RI�ZLGHVSUHDG��VHYHUH��UDSLG��GLHEDFN�DQG�PRUWDOLW\�RI�DVSHQ�IRUHVWV� 

that is linked directly to climate change. 
 
I’d like to share with you what’s been happening in some of our aspen forests over the last decade, how it’s 
connected to climate change, and projections for the future of aspen over the rest of this century. First, let’s 
FRQVLGHU�ZK\�ZH�VKRXOG�FDUH�DERXW�DVSHQ��7KUHH�UHDVRQV��ÀUVW��DVSHQ�LV�D�ELRGLYHUVLW\�PDJQHW��7KHUH�DUH�PRUH�
VSHFLHV�WKDW�DUH�DVVRFLDWHG�ZLWK�DQG�LQ�PDQ\�FDVHV�VSHFLÀFDOO\�GHSHQG�RQ�DVSHQ�WKDQ�RQ�DQ\�RI�RXU�PDMRU�WUHH�
species. It also produces a lot of forage and browse for ungulates such as elk and deer. Overall, it’s the most 
diverse upland forest type that we have in the Rocky Mountains. 

Second, it does good things for water. It starts with the rich organic soils that build under aspen forests. They 
KDYH�D�KLJK�ZDWHU�KROGLQJ�FDSDFLW\��ORZ�SRWHQWLDO�IRU�HURVLRQ��WKH\�PRGHUDWH�VWUHDP�ÁRZ�DQG�LPSURYH�DTXDWLF�DQG�
riparian habitats downstream. Water yield of aspen forests can also be higher than from conifers. Finally, we all 
know that aspen is a beautiful tree and forest type and visitors know this too, and that is part of the reason for the 
tourism economy we have in Colorado. 

That beauty began to fade in 2004; we started getting calls from foresters in Southwestern Colorado telling us about 
branch dieback and mortality that they hadn’t seen before occurring over very large areas. It was apparently very 
recent and ongoing. In some of the lower elevation forest, such as you see here below, (see Figure 1), the patches of 
DVSHQ�ZHUH�FRPSOHWHO\�GHDG�ZLWK�QR�UHJHQHUDWLRQ�DQG�QR�VSURXWLQJ�JRLQJ�RQ��2YHU�WKH�QH[W�IHZ�\HDUV��WKLV�JRW�ZRUVH�
and occurred in more and more areas. By 2006, we knew it was a serious problem and started to study it. 

7KLV�WKLQJ�ZH�FDOO�VXGGHQ�DVSHQ�GHFOLQH�LV�FKDUDFWHUL]HG�E\�D�UDSLG��V\QFKURQRXV��EUDQFK�GLHEDFN�DQG�PRUWDOLW\��
It occurs on a landscape scale over a large area, not on the stand level that we’re used to seeing aspen mortality 
occurring at (see Figure 2). The trees are ultimately killed by secondary insects and pathogens, those that depend 
on a stressed tree, not by the primary insects and pathogens that usually kill aspen trees in Colorado. 

Figure 1 & 2:  Sudden Aspen Decline in Dolores, Colorado. Photo Credit: Phil Kemp

Sudden Aspen Decline and Climate Change: 
Why More SAD May Await Us
Jim Worrall, PhD
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This disease increased rapidly from 2004 to 2008. In 2008, over 
half a million acres were affected in Colorado. That’s over 17 
percent of the aspen forest type that we have. It also occurred 
LQ�VRXWKHUQ�:\RPLQJ�DQG�VLPLODU�GDPDJHV�LQ�QRUWKHUQ�$UL]RQD��
VRXWKHUQ� 8WDK� DQG� LQ� WKH� SUDLULH� SURYLQFHV� RI� &DQDGD�� ,W� LV�
important to note that the spread to new areas has stopped now, 
but some of the affected areas have continued to worsen. 
In all the plots we did in southwestern Colorado, we found that 
regeneration was not increasing with overstory death, as you 
ZRXOG�KRSH�WR�VHH��2Q�WKH�ORZHU�D[LV��WKH�KRUL]RQWDO�D[LV��\RX�
see recent crown loss, which is a measure of tree damage and 
stand damage (see Figure 3). Regeneration does not increase 
as the amount of damage increases. 
Aspen typically regenerates vegetatively by sending up sprouts 
from the roots. In this case, there was not new reproduction 
occurring as the overstory died. One of the primary reasons 
IRU�WKLV�OLHV�EHORZJURXQG��WKH�URRWV�ZHUH�G\LQJ�LQ�PDQ\�6$'�
stands. By comparing damaged stands to healthy stands, we 
found that there were fewer live roots and more dead roots 
in damaged stands, so fewer live roots to produce sprouts to 
replace the dying overstory (see Figure 4). 
$� FRPSOH[� GLVHDVH� OLNH� WKLV� KDV� D� YDULHW\� RI� GLIIHUHQW�
categories of causes, but in this case we have strong evidence 
that the 2002 drought was the primary inciting factor. All of 
WKH�SUHGLVSRVLQJ� IDFWRUV� WKDW�ZH� LGHQWLÀHG�KHUH�DUH�PRLVWXUH�
related. The fact that it’s more severe on low elevations, south 
DQG�VRXWKZHVW�VORSHV��LQGLFDWHV�WKDW�D�PRLVWXUH�GHÀFLW�H[LVWHG��
In fact, in Colorado we had this very severe multi-year drought 
that peaked in 2002.  I remember walking in some aspen stands 
that summer and seeing leaves of the aspen that were scorched 
black around the edges, as if somebody had taken a blow-torch 

DQG�MXVW�SOD\HG�LW�DURXQG�WKH�HGJHV�RI�WKH�OHDYHV��7KH�GURXJKW�WKDW�FDXVHG�WKLV�KDV�EHHQ�FKDUDFWHUL]HG�DV�D�´JOREDO�
change type drought,” because it was not only very dry but also very hot. That’s a bad combination for trees. 
7R�JHW�PRUH�TXDQWLWDWLYH�HYLGHQFH��ZH�DQDO\]HG�D�FOLPDWH�PRLVWXUH�LQGH[��ZKLFK�LQGLFDWHV�GHJUHH�RI�PRLVWXUH�
GHÀFLW��%DVLFDOO\��WKH�JHRJUDSKLF�YDULDWLRQ�LQ�WKH�FOLPDWH�PRLVWXUH�LQGH[�ZDV�UHODWHG�WR�WKH�DPRXQW�RI�GDPDJH�WKDW�
occurred later. A group of Forest Service scientists in Moscow, Idaho, led by Jerry Rehfeldt, studied this too and 
WKH\�VROLGLÀHG�HYLGHQFH�W\LQJ�6$'�WR�WKH�GURXJKW�DQG�XOWLPDWHO\�WR�FOLPDWH�FKDQJH�DV�ZHOO��7KH\�GHYHORSHG�DQ�
DVSHQ�FOLPDWH�SURÀOH��ZKLFK�TXDQWLÀHG�FOLPDWLF�YDULDEOHV�WKDW�GHWHUPLQH�ZKHUH�DVSHQ�FDQ�DQG�FDQQRW�JURZ�RQ�WKH�
ODQGVFDSH��7KH\�IRXQG�WKDW������ZDV�WKH�PRVW�H[WUHPHO\�XQIDYRUDEOH�FRQGLWLRQV�IRU�DVSHQ�LQ�WKH�HQWLUH�FOLPDWH�
UHFRUG��0RUH� LPSRUWDQWO\�� WKH\� IRXQG� WKDW� VLWHV�ZKHUH�6$'�ZDV�RFFXUULQJ�DUH� WKH�PRVW�FOLPDWLFDOO\� VHQVLWLYH�
ones. They are at the margin or fringe of aspen’s climate niche, more sensitive and vulnerable to drought. They 
projected severe loss of suitable climate area in the future, especially at lower elevations. 
Based on their model results, we did some analyses, calculations, and maps (see Figure 5). This is a map of the 
DUHD�DURXQG�$VSHQ�DQG�LW�HQFRPSDVVHV�WKH�:KLWH�5LYHU�1DWLRQDO�)RUHVW��7KH�DUHD�VKRZQ�LQ�JUHHQ�LV�WKH�DUHD�WKDW�
was climatically suitable for aspen in the latter part of the 20th century. Let’s call that recently suitable for aspen. 
This graph now shows over a much larger area, all of Colorado and Southern Wyoming, the area that was recently 
suitable. You can see it’s just over 16 million acres. 
8VLQJ�WKH�FOLPDWH�PRGHOV�RI� WKH�,3&&��WKH\�ZHUH�DEOH� WR�FUDQN�IRUZDUG�WKH�DVSHQ�FOLPDWH�SURÀOH� LQWR� WKH�FRPLQJ�

Figure 3: Map prepared by Suzanne Marchetti based on model results of 
Gerald Rehfeldt and colleagues.

Figure 4: Map prepared by Suzanne Marchetti based on model results of 
Gerald Rehfeldt and colleagues.
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century to see how the area that’s suitable for aspen would change. The area shown in blue is the area that’s projected 
to be suitable for aspen in 2060. They used three climate models to do this, and the depth of the blue indicates whether 
RQH��WZR�RU�WKUHH�PRGHOV�DJUHH�WKDW�HDFK�SL[HO�LV�JRLQJ�WR�EH�VXLWDEOH��<RX�FDQ�VHH�WKHUH�LV�D�ORW�RI�JUHHQ�VKRZLQJ��7KDW�
green showing is of course area where suitability is lost between the latter part of the 20th century and the 2060’s. 
In red, you see the area where suitability is projected to be lost by 2060. That’s about two thirds of the recently 
VXLWDEOH�SURMHFWHG�WR�EH�ORVW��1RZ��WKLV�LV�DFWXDOO\�DQ�HVWLPDWH�WKDW·V�IDLUO\�RSWLPLVWLF��EHFDXVH�LI�DQ\�RI�WKH�WKUHH�
PRGHOV�VD\V�WKDW�D�SL[HO�ZLOO�EH�VXLWDEOH��ZH·UH�DFFHSWLQJ�WKDW�LQ�WKLV��)LQDOO\��DV�\RX�PLJKW�H[SHFW�WKHUH�LV�VRPH�
area that becomes newly suitable. For instance, upslope becomes warmer and more conducive, and that does 
compensate for a small portion of the loss of suitability. We didn’t calculate the map and numbers for 2090; there 
is less certainty as you look farther ahead.  However, Rehfeldt et al. projected that by 2090, the lower elevation of 
the suitable aspen climate will rise 2,500 ft.
7KLV� LV�ZKDW� LV�SURMHFWHG�IRU�DVSHQ�E\������ LQ� WKLV�DUHD��VR� WKDW·V� WKH�À�UVW�KDOI�RU�PRUH�RI� WKH�FHQWXU\��:H·UH�
already one decade into that time, so what’s been happening in that time? As you know, sudden aspen decline is 
ZKDW·V�EHHQ�KDSSHQLQJ��7KLV�VKRZV�LQ�UHG�WKH�DUHD�ZKHUH�6$'�ZDV�PDSSHG�E\�DHULDO�VXUYH\�IURP������WR������
(see Figure 6). Two things about it: one is it’s a fairly large area over Colorado and Southern Wyoming; it’s about 
1.1 million acres. The most important thing to notice in this map is that the sudden aspen decline is occurring 
primarily in the areas that are projected to be lost to suitability early in the century. These are the areas that are 
PRVW�FOLPDWLFDOO\� VHQVLWLYH�� ,W·V�KDUG� WR�DYRLG� WKH�FRQFOXVLRQ� WKDW� VXGGHQ�DVSHQ�GHFOLQH� LV� UHDOO\� IXOÀ�OOLQJ� WKH�
projections or at least beginning to do so. 
7KH�ELJ�TXHVWLRQ�KHUH�LV��LV�6$'�GXH�WR�FOLPDWH�FKDQJH"�%HFDXVH�RI�GLIIHUHQFHV�EHWZHHQ�FOLPDWH�YHUVXV�ZHDWKHU�
DQG�JOREDO�YHUVXV�ORFDO��LW·V�QRW�SRVVLEOH�WR�GHÀ�QLWLYHO\�DQVZHU�WKDW�TXHVWLRQ��%XW�FRPPRQ�VHQVH�WHOOV�XV�LI�LW�ORRNV�
like a duck and it quacks like a duck, it’s most likely a duck. 
+HUH�ZH�KDYH�D�GURXJKW�WKDW�LQVWLJDWHG�6$'�WKDW�ZDV�RI�WKH�W\SH�SURMHFWHG�WR�RFFXU�PRUH�FRPPRQO\�XQGHU�FOLPDWH�
change, with impacts on trees that are of the sort that are projected to occur commonly under climate change. I 
WKLQN�PRVW�LPSRUWDQWO\��LW�RFFXUUHG�VSHFLÀ�FDOO\�ZKHUH�FOLPDWH�VXLWDELOLW\�LV�SURMHFWHG�WR�EH�ORVW��HDUO\�WKLV�FHQWXU\��
,�ZRXOG�VD\�\HV��6$'�GRHV�VHHP�WR�EH�D�KDUELQJHU�RI�FOLPDWH�FKDQJH��7KDW�EHLQJ�WKH�FDVH��ZH�FDQ�H[SHFW�LW�WR�
occur not at a steady rate, but in spurts, because trees and tree diseases don’t respond to the climate mean, they 
UHVSRQG�WR�WKH�FOLPDWH�H[WUHPHV��7KH\�UHVSRQG�WR�WKRVH�HGJHV�RI�WKH�YDULDELOLW\�RU�WKH�WDLOV�RI�WKH�GLVWULEXWLRQ�LI�
\RX�ZLOO��:H�FDQ�H[SHFW�6$'�WR�UHFXU�PRUH�IUHTXHQWO\�LQ�WKH�IXWXUH��WR�KDYH�OHVV�DVSHQ�LQ�WKH�IXWXUH��DQG�WKH�YDOXHV�
that aspen brings with it - biodiversity, water and so on - will be affected accordingly. 
I struggle to end on a positive note, but I would say that aspen is the most widespread tree species we have in 
1RUWK�$PHULFD��,W·V�YHU\�DGDSWDEOH�WR�PDQ\�GLIIHUHQW�NLQGV�RI�VLWHV��7KHUHIRUH��LW�VHHPV�FHUWDLQ�WKDW�ZH�ZLOO�KDYH�
aspen somewhere on the landscape far into the future. 

Figure 5 & 6: Map prepared by Suzanne Marchetti based on model results of Gerald Rehfeldt and colleagues.


	Contents
	Our Forests At Risk
	Sudden Aspen Decline and Climate Change
	Climate, Forests & Insects: From Montana Whitebark Pine to South African Euphorbia
	Can Our Forests Take the Heat? Increasing Tree Mortality Rates Across the Western U.S.
	Wildfire, Climate & People: Perspectives and Warnings from the Past
	Sinks & Sources: The Role of Forests in Carbon Sequestration…and Why it Matters
	We’re Not Alone: Forest Die-Off Risks Around the Globe
	The Future of Our National Forests Enhancing Adaptive Capacity
	Sequestering Carbon in a High Elevation Peat Bog
	References

