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Forest Health Monitoring Program

e |nitiated in 1990 to provide information on

the status, changes, and trends in forest
health and sustainability.

e The FHM program provides information on
all forest lands to land-managers and
policy makers that affects, directly or
Indirectly, all Americans.
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FHM Objectives:

e Establish a monitoring system throughout
the forests of the United States to
determine detrimental changes or
Improvements that occur over time.

e Provide baseline and health trend
iInformation that is statistically precise and
accurate.

e Report annually on status and changes to
forest health.
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Major Program Components

INTENSIVE
SITE
MONITORING
*Processes

DETECTION
MONITORING
«Satellite
*Aerial Surveys
*Ground Plots
& Surveys

RESEARCH ON
MONITORING
TECHNIQUES

EVALUATION
MONITORING
*Problem Areas
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e Nationwide grid of
permanent sample
points

e Aerial damage
detection surveys

e Special ground
surveys
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Ecosystem
Index Sites

21 pernanent Inten sive-site
ecosysterm monitonng
locatons across US

[ 8pm0 thorest plots
Z| Phase 3 13mil?£;:1ng'idmg 2
E Forest Health
s ]
K| Phase 2 Permanent- 125,000 forest dots
= | Forest Inventory Emile (Sm) grid

Local Temporar ¥ or permanent
management 100000+ Hots- varous soales
Inventories
‘-
Phase 1 00955"% o 2
Remote Sensing < Qi p 9,,3 o Mllions of Trm-Thm pixels
o

Ground
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FHM/FIA Plot Integration

e Since 1999 FHM ground Phase 2/Phase 3 Plot Design
plots have been
integrated with Forest ‘
Inventory and Analysis AT \\

(F IA) pIOtS / 4 n..:.-'.'.'-'-'-:'.'.‘-'.'.‘_‘:“ \\

e Phase 2 — Tree { v
Measurements e ‘ ‘ /,
(—125,000 plots, each .\ PR ’
representing —6,000 ac.) S >

° Phase 3 . Health ................. TN L e,

i —_— © Subplot 24.0 ft (7.32 m) radius
Indlcators ( 8’000 pIOtS’ ® Microplot 6.8 ft (2.07 m) radius
each representlng "% Annular plot 58.9 ft (17.95 m) radius
— (0 Lichens plot 120.0 ft (36.60 m) radius

96’000 aC.) \I Vegetation plot 1.0 m? area

e Each plot measured once ~ SoilSampling  (point sample)

every 5 tO 10 years — Down Woody Debris 24 ft (7.32 m) transects
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Forest Health Indicators
- Tree Growth
e Tree Regeneration

e Tree Crown Condition

e Tree Damage

e Tree Mortality

e Lichen Communities

e Ozone Bioindicator Plants

e Soil Morphology and Chemistry
e Vegetation Structure

e Plant Diversity

http://fia.fs.fed.us
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Live crown ratio
e Density

e Foliage transparency
e Dieback

e Diameter
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Lichen Communities

e Fungi that live In
association with algae

e Sensitive to environmental
stresses such as air
pollution or climate change

e [ndicators of forest
biodiversity

e Biotic indexes are
developed based on
pollution and climate
gradients

Al

Photo by Stephen Sharnoff



USDAFOREST SERVICE  National Forest Health Monitoring

Caring for the Land and Serving People

e Ozone causes direct
foliar injury to many
species

e Bio-indicator plants
are evaluated for
severity of foliar injury

e Sampled on separate
plots

Photo by Gretchen Smith
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Ozone

iomonitoring
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.

Down Woody Material

e Measurement of fallen
trees, dead branches
along transects
— Diameter
— Length

— Stage of decay
— Species
— Cauvities

e Assess fire risk,
wildlife habitat,
carbon

Photo by Chris Woodall
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e Type, abundance, and
arrangement of plants
on plots

e Allows reporting on
diversity of native and
Introduced species

e Monitoring for change
over time will be
possible by re-
measurement

Photo by Will McWilliams
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e Measurement of soill
physical properties,
compaction, erosion
potential

e Soil samples collected for
chemical analyses
— Acidity
— Exchangeable cations
— Nitrogen and carbon
— Toxics
— Bulk density
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Detection Monitoring

e Aerial Detection
Surveys

— Observers in aircraft
at 1,000 to 2,000 ft.
elevation

— Create maps visible
damage

/ / -1-1 rs 2 .
| : ,ﬂl||ll||]|"I -|Il lI" { ,e":’ ,u'” : . '
,., 77 i"il ' ”“’"f"‘““"" g
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The fop five moraliy agenisare:

= Mouniuin pine bastle 255, « Subalpine fr mecriality Dechoing smaen bbarbart e 19%
= Diuglun-fir bustla 4%

« Frangroer 4% « Sprucabentle 5%

National Forest Health Monitoring
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8 o Major Forest Pest Trends

20

Millions of hectacres affected

8 -

6 |

4

2

0
@O Gypsy Moth @ Southern Pine Beetle
O Mountain Pine Beetle O Western Spruce Budworm

B Spruce Budworm
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Ponderosa pine in Arizona - 2003
Photos — FHP R3

‘Special Detection Surveys

Plne Morts N the OUTNWE

New

Special aerial and ground
surveys conducted in 2003
covering 15 million acres
In AZ, NM, CO, UT, NV
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Special Detection
Sudden Oak Deatl

e Accelerated mortality of tanoak
(Lithocarpus densiflorus) has been
noted in California since 1995

e Extensive mortality of coast live oak
(Quercus agrifolia) and CA black
oak (Q. kelloggii) occurs in coastal
areas of California

e Causal agent of disease identified
as Phytophthora ramorum in 2000
by researchers at Univ. of California
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(Dendroctonus ponderosae)

e Qutbreaks increasing
In area throughout the
Western US

e Lodgepole pine forests
hardeSt hit Mountain Pine Beetle

Million Hectares
-

oy B
UGA1248022 |

William M. Ciesla, Forest Health Management International, www.forestryimages.org
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(Dendroctonus frontalis)

« SPB populations remain at
low levels since 2003.

e Treatment strategies now
focus on prevention and
restoration.

Southern Pine Beetle

12

Million Hectares

UGA1929025

Tim Tigner, Virginia Department of Forestry, www.forestryimages.org
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(Dendroctonus rufipenis

% J

e Alaska experienced large
outbreak in the late 90’s
with mortality rates
exceeding 90% in many

areas
= Favorable weather 7 ot e
CO n d Itl O nS (m I Id WI nte rS William M. Ciesla, Forest Health Management

International, www.forestryimages.org

and warm summers) have
led to increasing

populations in AZ, CO, MT,
UT’ and WY 700,000.0
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ypsy Mot

e Since introduction in 1869
has spread to 17 States

and DC.

e Area infested is 25% of
total susceptible area.

e Slow-The-Spread effort
along the advancing edge
IS working.
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Hemlock Woolly Adelgic

N\ Nolno - )

e This introduced insect, believed to
be a native of Asia, is a serious
pest of eastern hemlock and
Carolina hemlock.

e |t has been in the United States
since 1924.

e |In the eastern United States, it is
present from northeastern
Georgia to southeastern Maine
and west to eastern Tennessee.

e Biological control agents have SOt
been released to control A

BRsisactss

populations. 5 L
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Emerald Ash Borer
Agrilus planipennis

e Native range is in China,
Mongolia, Russian Far East,
Korea, Japan and Taiwan

e First reported killing ash (genus _ ;
Fraxinug) trees in t%e Det(?oit and s Uy mmxn%ég]ﬂﬁﬁm e
Windsor areas in 2002. vichidl- R ”W{“Wd |

e Since then, infestations have L3 s aa
been found throughout lower / = el o4
Michigan and neighboring areas in ieai e e, gl on
Ontario, northwest Ohio, and MRS e
northern Indiana. T

e Infestations were recently found s e
in the Chicago area and in SRy g S
Pennsylvania. SRR o
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e Current known infestation is °;:, 5 misib;fm

in natural forests in New York PO
State and Ontario. it w e

e Infestations of this insect in
other countries have caused
significant mortality in pine
plantations.

e Monterey, lodgepole,
ponderosa, jack and most
species of southern pines
(especially loblolly) are known
to be susceptible.

e The susceptibility of other
North American conifers is not
known.




USDAFOREST SERVICE  National Forest Health Monitoring

e T T T L T B o T L R —h——————__——_——___—

Sudden Oak Death
(Phytophthora ramorum)

Distribution of Sudden Oak Death as of December 20, 2006

e Extensive mortality of tanoak j
(Lithocarpus densiflorus), R it il
coast live oak (Quercus r
agrifolia) and CA black oak
(Q. kelloggii) occurs in coastal rmoodt 13
areas of California

e |solated infestation in OR is
being treated with goal of
eradication

e National surveys of oak
forests have not found

infestations outside CA and

OR '

A Confirmed isolation of Phytophthora
ramorum *

Host species for Phytophthora ramorum **

<2 Counties with Phytophthora ramorum
> mnﬁrm d in wildland

og S
Californiz host data from CAL GAP Analysis Project. ¢$m
ragon h tdtfomDRGAPA alysis Projec! tDt

sbe dt only show the gecgraphic range for

SpEC th t e he t for Phytophthera ramorum, .
OTES! - o
ampling is o ng thro gh ut tha state.

ursery confirmatlo are not depicted., \

M ap produced o L f ufna hv UCB GIIF: httD f;‘k \Iy\ bbek Iey d /sommu itori gp’
o hore TR udden Oak Death, ple
M reality Task Force w hs at htty ,/,’ W s nu e h ; u.mn.r Tk F
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Sudden Oak Death

e Objectives:
— Multi-scale approach
to distribution,

Incidence, and impact
of SOD in CA

— Detection,
effectiveness of
eradication in OR

— Detection outside
infested areas in CA
and OR

Maps and photos e
Courtesy R5, ODF, SRS
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Special Detection Surveys

Distribution of Counties with Laurel Wilt Disease™ Symptoms,

Red Bay morta“ty — - by Year of Initfaf Detection
- - T T S sagn
exotic ambrosia beetle AP AN SEONIE
Xyleborus glabratus ST - N
vectoring Ophiostoma
sp. in Southeastern
coastal states, killing

red bay, sassafras,
and other Lauraceae

* Abbele

Initial Detection of
Xyleborus glabratus - May 2002
Port Wentworth, GA

B oo
B 2005
] 200
[ 2007
| | 2008
|| 2009

Information Provided by:

. Laurie Reid O
e

\h
Bud Mayfield

* Laurel Wilt is a fatal di
of redbay (Persea barbonia),
and other species within the
Lauraceae Family caused by a

previously undescribed vascular
wilt fungus (Raffaelea sp.) and T

associated with the attacks by the redbdiCt i
ambrosia beetle (Xyleborus glabratus).

" Heedly | o updated - February 2009
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Evaluation

Determine the extent,
severity, and causes of
undesirable forest health
changes.

e Address likely cause-and-
effect relationships,
Identify associations
between forest health and
forest stress indicators.

e |dentify management
consequences and
alternatives for reducing
the effects of forest
stress.

e |dentify research needs.




USDAFOREST SERVICE  National Forest Health Monitoring

Caring for the Land and Serving People

e Urban Monitoring —
design sampling
strategies for urban
forests and street
trees

e Riparian Monitoring
— design sampling
strategies for
riparian forests
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Intensive Site Monitoring

s Nkina N/ all= =)=

e In depth monitoring
of indicators to
determine detailed
Information on key
components and
processes of /;\
selected forest
ecosystems

Monitoring Forest Ecosystems at Multiple-Spatial Scales

FHIM

=ISM Sites

- B
@.' 1'-".,_ Wi
'1._:_-_ .~ T =7 v :.' 9.‘,;'
¥ \ 9, : l\. ) ‘P{ln £ I‘. -’l" i 1?- \;\;,-J.
. s » - w4 £
: -\‘-‘. *Process Studies
*P4 and P Plots
AR {Provinca)
(e
X £y

*P3 (FHIM) Flots LAND UNIT
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Delaware River Basin
Collaborative Environmental
Monitoring & Research Initiative

Water quality Neversink
e Total Carbon Intensive Plots
e Calcium Depletion
e Invasive Species

L3 P4 Plods Mot Used
Intensive Plots (# of Plots: 23)
L ] 4

(43 Pd - Carban
o P - Caibon

Pontius Plots (1 more plot to the South)

A ot Iriested (V- 5)
Intested (8 5)

L USGS Samplng Gages

- Hamlock Stands

— 00 W Conbours
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Fores! Health Moniloring 20% Rutioaal Techmical Repart

Reporting

e National Reports
— FHM National Technical

Reports
— 2003 Sustainability Report S
- Montreal Process Criteria Thﬂ Stﬂ't: E’}f £ Mational Report an
. e Nation's fi] National Repe o
and Indicators for Ecosystems e Ak e

Sustainable Forests

— Heinz Center — The State of
the Nation’s Ecosystems

— EPA — US/Canada Air
Quality Agreement
Progress Reports

e Regional Reports
— Northeast Forest Stressor

2008

=

Report - o, Hm=nrr-I-1r|g in the
T artheostern

— Aspen Forest Cover Change BN United Stales
in Rockies Bawlmay e Condine iy 1PT2202

e State Reports
— Utah Baseline Report
— Forest Health Highlights
http://www.fs.fed.us/forestheatlh/fhm

<
(N3]
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Analysis by Ecoregion Sections

e National
hierarchical
system of
ecological
units
— Climate
— Vegetation
— Soils

Ecoregicn Province

England Mixed F: if Forest. Alpine Meadow Pravince
Amarican Semi-Desert and Desen Province
Arizona-New Mexico Mourtains Desert W Coniferous Meadow Pravince
[E] Biack Hills Coeifercus Forest Province
[ Caiformia Goastal Chapparral Forest and Shub Province
W -Shrub-Confferous Fi L Province

" CaMfarma Dry Steppe Province
Cascade 1 LA I
Central F. arcus ForestMesdow Frovince
M Chinuahuan Semi-Desert Provinoe
[ Colorado Plateau Semi-Desent Province

| Forest
- Eastern Broadieaf Forest (Oceanic) Province
R B Everglades Province
G aile e
o o L) (B Great Plains Steppe and Shrub Province

Great Flains-Palouse Cry Steppe Province
|__| termauntain Semi-Ceser! Province -
Intermountain Semi-Desert and Desert Province
Laurentian Mixed Forest Province
[l Lower Mississippi Riverine Forest Province
[ | Wountain Steppe-Conif Fi L Province
[_| Nevada-Utah Mountains- Sem|-Desert.Canferous Forest-Alpine Meadow Province.
Marthem Rocky Mountain Forest-Steppe-Coniferous Forest-Alpine Meadow Pravinoe
Quachita Mued Forest - Meadow Province

[ Praine Parkiand {Subtropical) Frovince
Praitie Packiand (Temperati) Provincs
Sierran Steppe-Maced Forest-Conferous. Fonest-Alpine Meadow Province
Southeastern Mived Focest Provinge
Southern Rocky Meuntain Steppe-Open Woodiand-Coniferous Forest-Alping Meadow Provincs
Southwest Plateau and Plains Dry Steppe and Shiub Province
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Hdt _épots of Tree Mb-rté_iity from Aerial SUrveyé iz
2006

Degree of mortality exposure clustering
P <2 (Not clustered)

Bl 2.01-6

Il so1-12

-

|:] Ecoregion section boundaries
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0,001 -0.321

0.234-D.86%

0.887 -1 : L
1001 -2 ; il : \ b
2.001-5.02 s 4

Nomortslity \ G :
100 pereant mortzlity >
MRATIO 4 |
C— o-D1 % |
[ owi-pa =5, | v d
B ox1-08 o~
I 0601 -D8

Bl oo -2 Figure 14—Tree mertality expressed as the ratio of annual

E Izr;;-:ﬁf:ia mortality vohume to annual gross growth volume, or MRATIO

A\ Ecoregion sectonbourdary {colored p?.’ygons). The‘ black c:.r"des represent the r':fﬁo of the

’ average atameter of trees that disd to the average diameter of
SUIVIVIRG trees s of the most recent measurement of each plot,
or DDLD. Plot locations are approximate.

N R
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Hbf ébots of Tree Defbligtion from Aerial S'urveys'_"
2006

Degree of defoliation exposure clustering
B <2 (Not clustered)

Bl i-6

Bls-12

i -2

|:J Ecoregion section boundaries
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Crown dieback
and foliar
transparency
were used to
calculate a
crown index

Overall, < 15
percent of the
basal area was
associated with
unhealthy
crowns

Ecoregion
sections having
> 10 percent
average basal
area associated
with unhealthy
crowns were
mostly located in
the Interior West

Avg. % of BA associated with poor crowns

[ 2501-5

I 5.001-10

I 10.001 - 12.316
Insufficient Data

A tree was considered to have poor crown condition
if its adjusted-ZB-index was greater than 0.25.
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Wet Sulfur

Wet suliate deposition (kg/haiyear) o _;4‘5\
Bl 1.0- ss Sl
[ se=10.1 "| il g 4|1.~|.
10.1 = 14.6 \ i
[ 148-19.1 .
[ 19,1 =236

[ monforest

N/ Ecoregion section boundary Figure 18—Average aﬂn’luai |er sulfate deposition .
(1994 to 2001) by ecoregion section. The areas outlined
int blue highlight ecoregion sections whose deposition
rates exceed the 95% percentile.
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' eposition

Wet

Wet inorganic nitrogen deposition
(ka/ha/year)

[ ]s3-64

:| Mo data

A5/ Ecoregion section boundary Figure 19—Average anmial wet nitrogen deposition
{1994 to 2001) by ecoregion section. The areas outlined
in blue highlight ecoregion sections whese deposition
rates exceed the 95% percentile.
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e Mean soil pH
value is 4.8

e Acidic
tendency of
soil pH is
most clear
east of the
Mississippi
River

pH (CaCl2)

<o

14055
Miles : :
0100 200 400 600 800 55-7.2
[ — ] W—
Kilometers [ 72.85
Albers Equal Area Coni: P
Central Meridian - 98°W, Standard Parallels -- 28.5°N and 455N
Gt sounces: GEDA Forast Eorvioe and National Al of the USA - >85
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o T ] = e R —eCETETTY— T P e—

Effective Cation Exchange Capacity

= T P

e Southeastern
United States
tended to have
the greater
proportion of
forest soils with
low ECEC levels.

ECEC (cmol(+)/kg)
_ l0-5
0100 200 4 o e A b :15'10
i i - £ =

0100200 400 Z . 1125

N N —— o o
/ ' I - 50

Albers Equal Area Conic Projcton
G sorcns GEDA Foest Sansce v Tomrt Ao o o 15 B 5 - 150
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Greater than 1.5

1 1.1-15
. | 0610

| | 0.3-05
0.0-0.2

Projection: Albers Equal-Area Caonic.

Source: S, Forest Service, Farest Imventory and
Analysis program, 2001-2005 data. Additional FIA
data and mapping tools are available online &t
Httpirfiatonls fs.fed.us. EMAP hexagons are provided
v the LS. Forest Service, and date houndaries are
provided by the USDA Mational Agricutural Statistics
Service.

Cartography: C.H. Perry, July, 2008
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e Total soil

carbon content
IS generally the
highest in the
Northeastern
and Northern
United States
where decay
rates are very
low

Total carbon, Mg/ha

[ Jo-30
0100 200 400 600
by | 31-40
- . IR

0 100200 400 600 800 : -‘"'50

[ = ee—— & L
Kilometers g - 51-70

bers Ei rea Conic Projction
Qe b= sy B 7 - 450
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S Carbon Pool Flux in DWM
D01 to 2006

Dead Wood Carbon
Pool Flux Status

© Sequestration
@ Emission

S Kilometers
0 200 400

Depicted plot locations are approximate

Projection: NA Lambert Conformal Conic
Source: USDA Forest Service,

Forest Inventory and Analysis Program
Geographic base data are provided by ESRI.
By: C.W. Woodall, Printed January 2007.

Disclaimer: Information displayed on this map
was derived from multiple sources
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Ozone
concentrations
highest in Sierra
Nevada,
southwest,
Appalachian
piedmont, along
east coast and
Great Lakes

National Forest Health Monitoring

ppm-irs | yr
B o-ar
] a»-0s
] st
E]u_t-“:l
[ ]wz.za
[Jzis-z2an
[ ss-mm1
BT
] =418
B 412018
B . man
I 57w
[ sid.ean
[Clear.mr
[ ]ms.ms2
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e Foliar injury on
ozone plots showed
similar trends

e The highest
occurrences in the
Sierra Nevada, the
southeast, and near
Washington, DC

Mean Biosite Index
(2000-2004)

T IE
Blsi-0
[]101-15
[ 15.1-20
Bl z01-25
B zs.1-579
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Risk Mapping

NATIC ™ ™"

I'h 1o/

TOP AGENTS BY RANK

. Mountain Pine Beetle
. Red Oak Decline

. Southern Pine Beetle
. Root Diseases - All

. Gypsy Moth

. Pine Engraver Beetle

o n JLS 2 NN UG T G Qe

Spruce Budworm
Beech Bark Disease

Jeffrey Pine Beetle

Dwarf Mistletoes

Aspen Decline

Western Balsam Bark Beetle
Sudden Oak Death
Hemlock Looper

Weslern Red Cedar Mortality
Balsam Woolly Adelgid
Hemlock Woolly Adelgid
White Pine Blister Rust
Roundheaded Pine Beetle
Fusiform Rust

Oak Wilt

Douglas-Fir/White/Grand Fir Def.

7. Fir Engraver Beetle
8. Douglas-Fir Beetle
9. Spruce Beetle
10. Hardwood Decline
11. Western Pine Beetle

ADDITIONAL AGENTS BY RANK E
A

Aspen Forest Tent Caterpillar
Dutch Elm Disease

Northern Spruce Engraver Beetle
Jack Pine Budworm

Douglas-Fir Tussock Moth
Bronze Birch Borer

Alaska Yellow Cedar Decline
Western Spruce Budworm
Emerald Ash Borer

Butternut Canker

tastern Larch Beetle

Asian Longhorn Beelle

Pacific Silver Fir Beetle

Spruce Aphid

Pacific Madrone Decline

*The expectation that 25% or more of the standing live volume of trees greater than 1" in diameter will die over the next 15 years.

CmeNIE I A = “JSK ™

Risk* Map

LEGEND
I sk of mortality

| Water

MNovember 2006
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Risk of Invasive Forest Pests

100°W B0W
L 1

Susceptibility Potential oo
Ips typographus

Legend

[ Littte or No Host
D Low Susceptibility potential relates to:

. 1. Establishment
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Future Challenges

e Stress key strengths of FHM
— Partnership-based
— Innovative
— Comprehensive
— Science-based

e Be “Real Time”

— Timely detection, analysis, and reporting of adverse
changes in forest health to facilitate effective
management response

e Look Beyond the Grid

— Look back — analyze trends, integrate diverse data
sources

— Look forward — forecast future conditions, analyze risks
— Design new approaches for detection of invasives
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