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|nten5|ty el XA Wb,

o Often “stealthy” and poorly “documented in both
time and space B A

e iInfrequently associated with demonstrable and

quantlflable eco h_ydrologlca_l eﬁlﬁ__ects at scales
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ms*turba‘ ces at plec
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differ from undlsturbed p ots (?*ecent & hlstorlcal
distirbances)? i £ dhad i i

3. Can the history of forest dlsturbance be used to
reliab y predict surface water nitrate=N-
._concentratlons*m-.;-;streams Qf lSt or@ler
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concentrations in: son Waterﬁhd streamwater to
spatial differences in forest spemes
composition, forest floor C N ratios, and foliar N
concentratlons (assessed usmg ground data
._and hyperspectral e ote sgnsmg)‘,
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Disturbances in the Chesapeake
Watershed |

e Land clearance and conversion are the major
large scale changes. "

» However, we are dependent on the remaini'ng
. forests as a water quallty buﬁer agalnst such
changes e

- But, dlsturbances can reduce thls forest
function.....



Gypsy Moth Defoliation and Annual Nitrate-N Export
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“serendipitous” study Eshleman et al. 1998
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Change Vector Analysis (CVA)

e Most studies
Wetnhess focus only on the
magnitude of
change or on the
AP change class.

: e We also examine
Greenness the direction of

B change, as
: measured using
ra | trigonometry.
” » Brightness * p= Townsend et al. (2004)

Allen & Kupfer (2000)



Theta (0): Angle of change in wetness and greenness

Angular
Measurements




o Assess stream‘nltrogen %kqonceh ratlons 4

 4-6 baseflow samples peWQ&r of

subwatersheds ... . L% |
e Analyzed in lab for nltrate N,d ssolved organic
N, etc.’ e |

. Use statlstlcal_.‘approaches to predlct




Prediction Results (NO5;-N)

Apr'0l Annual
Land Use R? 0.18 0.15
R2 using CVA 0.79*% 0.72
Efficiency 0.72 0.52
CV-MAE 0.08 mg/L  0.08 mg/L
Range 0.002-0.93 0.02-0.77

Ecological Applications 14(2): 504-516 (2004)

May'02
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Relationships between frass
fall and remote sensing
variables:

o
ol
o
o

Strongest relationship is with
magnitude change, but....

Frass (kg/ha/season)
o
8

Note: 2 years are plotted
10 15 20 25 30 35 40 together_

Magnitude Change (change vector distance)
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Frass (kg/ha/season)
S
8

0.2 0.4 0.6 0.8 : -0.10 -0.08 -0.06 -0.04 -0.02
Phi (rank-order normalized) Change in Greenness (normalized)




Clearcut: estimated loss of biomass
5000 — 7000 kg/ha.

Compare to estimates for region of
foliar biomass: 3500 — 6000 kg/ha.

Areas of forest mortality.

-8000 - -3000
-3000 - -1500
-1500 - -1000
-1000 - -500
-500 - 0
0-500
500 - 1000
| 1000 - 1500
B 1500 - 2500
B 2500 - 8000
Il Nonforest/Cloud




Results

e For 2001, the MDA estimated that 25,194 acres were ‘
defoliated in Allegany County.

* In contrast, we estimate the loss of foliar biomass in
study area:

« 381 kg/ha in 2000

« 480 kg/ha in 2001

« 109 kg/ha in 2002

* In 2001, this averages 15% foliar biomass, and even
this amount leads to substantial increases in N export. -

e Frass averages 3.1% N by weight, indicating that in
2001 approx. 15 kg/ha N is being input into the forest
floor system as a consequence of gypsy moth activity.
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e 4 Shenandoah NP basm"s @Iata to 1980)
. Field ecology/ecosystem stUdy
» 19 permanent plots each in SR and FC

. I\/IoSt first sampled |n 1998 (pre disturbance)
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Intensive Stream Survey

« Random Sample Design (35-40
reaches per river basin)

 Sampled quarterly at base flow
* Defined subwatersheds range in:
o Size: 22 -15,877 hectares

e Cover: 43-100% forest, 0-44%
cleared

» Disturbance history
 |ce, wind, logging, HWA
TDN, NO;-N, DON






® Carly Data

B« Tree heights
% + |ce storm damaged forests
e up to 10m forest height
sheared off in ice-storm
damaged areas

=« Coarse woody debris
@« All forests
e 0.4-60 Mg hatacross
all plots
 Awide range....




Remote Sensrng R

. Landsat TM,,Jrrrag‘ery (pré—2003 mJ,,QSMn’tmer 1999, 2000,;, §
2001 and 2002, plus leaf-off March/eartquprll images) -
;rlmages are normalized to 1999 orother nonﬂdlsturbanceyear

- Parsed: into Brightness, Greenness and Wetness layers A

i For recent da‘ta 1999 treated as. the non*dlsturbance year

o

11999 ) al TR (o001 0
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—@— Gypsy Moth Defoliated
—O— Not Defoliated

—@&— Gypsy Moth Defoliated
—O— Not Defoliated

2000 Enhanced Vegetation Index (250m)
2001 Enhanced Vegetation Index (250m)

150 200 250 150 200 250
2000 Julian Day 2001 Julian Day

Figure 4. MODIS seasonal profiles of 250m EVI for defoliated
and undisturbed areas in 2000 (left) and 2001 (right). Bars
Indicate 95% confidence intervals. Note the apparent refoliation
In late summer of both years.




Map of 2001 foliar biomass loss from MODIS and Landsat ETM+ (same data as prev. for slightly larger area).
Map is based on relationship shown below; units are biomass lost kg/ha/yr. Black areas represent clouds or
MODIS pixels that are < 80% forest. Logged areas were not distinguished from defoliated areas on these maps.

ool . ] Preliminary prediction of 2001 I -8000 - -3000
foliar biomass loss (as derived 0 -3000 - -1500
from Landsat ETM+ analysis)as | -1500--1000
a function of time integrated - '1ggg‘ 6500
average loss in growing season  ——  _gnq
250m EVI. Model R? = 0.5956 "~ 500- 1000
(p = 0.0001) and mean absolute 1000 - 1500

o error (MAE) = 238 kg/halyr. I 1500 - 2500
B 2500 - 8000
I Nonforest/Cloud

1000

5007

Foliar Biomass Loss (kg/ha)

0000 0.025 0050 0075 0100 0.125 0150 0.175 0.200
Time Integrated Loss in EVI




Shenandoah
National Park

NVCS Classes

AVIRIS from Spring '00 @

and Summer '01

Vegetation Communities

F18
F19

I F20
B F21
N O1

02

03
I 04
W 05
I O6

o7
. Wi

w2
- W3
w4
B W5
B we

» 296 plots

e Classification by VA
Natural Heritage Program
e Compared AVIRIS (2
dates), Hyperion, Multi-
date Landsat

» also used topo vbls

* LDA, Evaluate through
cross-validation
 NatureServe now acq.
additional validation

 SprAVIRIS 83% 97%
« SuMAVIRIS 82% 95%
e Hyperion 90% 93%
e Landsat 57% 76%

Area of images not overlapping
BLUE = WHOLE MAP
GREEN = COMMON AREA all maps



Fleld ecoldgyfecosystem study e e

. Establish plots in Shenapdé)ah e

e Annual measurements of rhortahty 4

e Quarterly measurements of lyS|meters

» /Assess disturbance as it happens.....

Remote sensing study .
Contmnue_‘to build dist. hjst@nes to the 1980s
Map/spe'(':'l'es cojf‘?!pbsm@n (SR only) and
~ foliar nutrients (if new AVIRIS avallable)]
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