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Satellite Remote Sensing for FIIS Vegetation
Mapping

The vegetation communities and spatial patterns on
Fire Island National Seashore and other barrier islands
are dynamic with the impacts from forces such as sand
deposition, storm-driven over wash, salt spray, surface
water, as well as human

disturbances.

High spatial resolution satellite remote sensing offers an
opportunity to map and monitor the dynamics of the
vegetation on this barrier island.



Recent Vegetation Map in FIIS

The most recent vegetation mapping project at FIIS was
completed in 2002 (Klopfer, et al., 2002).

* The interpretation was based on 1997 color IR and
true color 1:1,200 scale aerial photos.

« The photos were digitally scanned (600 dpi) and
georeferenced.

« The classification System included 5 broadly defined
vegetation groups (salt marsh, dune grassland, dune
shrublands, interdunal swales, and forests/shrublands)
and 39 subcategories.

 The minimum mapping unit was 0.25 ha.
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Questions and Challenges

 Exploration of new data sources and approaches that
could efficiently update vegetation maps is necessary
for timely monitoring of the landscape dynamics

« Exploration of approaches for integrating data products
from different sources so that comparisons or change
analysis can be executed
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The Message

We need to keep the map updated, for areas both
within and immediately adjacent to the park boundaries.



Spatial Resolutions:

Panchromatic data: 0.6-meter
Multispectral Data: 2.5-meter

1. Blue: 0.45-0.52 mm
2. Green: 0.52 - 0.60 mm
3. Red: 0.63 - 0.69 mm

4. Near-IR:  0.76 — 0.89 mm

QuickBird-2 satellite







Objectives

« Map terrestrial and submerged aquatic vegetation
(SAV) within the FIIS boundary using high spatial
resolution QuickBird-2 satellite remote sensing data.

« Compare and validate agreement between satellite
derived vegetation maps and the delineation result
from conventional aerial photo interpretation so that
repeated monitoring of vegetation change and
landscape dynamics using satellite remote sensing
can be achieved.

« Develop and test a pilot protocol that could be
transferable among NPS projects.



QuickBird-2 satellite data acquisition
Multiple date and path imaging

PPRori s, 2004

Geometric Rectification
Subsetting

Mosaicking

Seamless Working Data




QuickBird 2.5m data
(Band 3,2,1 in RGB)



QuickBird 2.5m data
(Band 4,2,1 in RGB)
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QuickBird Enhanced Spatial Resolution
True Color Satellite Image (0.6 m)
(Band 3, 2, 1 in RGB)




QuickBird Enhanced Spatial Resolution
Pseudo Color Satellite Image (0.6 m)
(Band 4, 2, 1 in RGB)




Image Classification for s
Vegetation Mapping

Pixel value & Thematic Information
~  (GIS Map)
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Ground Referencing

GPS-guided ground referencing for both terrestrial
vegetation and SAV.

* About 780 georeferenced terrestrial field photos
» About 400 water surface SAV field photos
* 7 hours of underwater video covered 206

30-m transects of SAV beds



Locations of Field Observations

Yellow - Terrestrial
Cyan - SAV (Water Surface)
Underwater video transects
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Stratified Classification:

Masking out the categories using the existing
vegetation map data so that the classification can be
focused on the vegetation type and community
identified by the NPS vegetation mapping project maps.

Advantages of this approach:

Value the NPS vegetation mapping efforts
Keep the classification system consistent
Meet the goal of updating vegetation map
Valid for change analysis and monitoring
Simple protocol for future mapping replication.



Procedures for Stratified Classification

« Separate the FIIS study area into the East section for
April 2004 image acquisitions, the West section for
May 2004 image acquisitions, and the Williams Floyd
Estate (WFE)

« Rasterize the existing GIS vegetation map and rectify
the rasterized data to QuickBird image

» Reference the areas for each of the 30 defined land
cover and vegetation categories from the rasterized
vegetation map for the East, West, and WFE sections,
respectively, for unsupervised classification
(Masking-and-Classification)

« Overlay the results from unsupervised classification
to build the final vegetation map.



An example:
Using the Phase | map to mask out the area of interest from
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Updated marsh categories for this section

Water

Low Marsh

High Marsh
Reedgrass Marsh
Pitch pine forest



An example of extracted section
from QuickBird image that was
delineated as the open beach
and sand road in the Phase |
map (FIIS vegetation map).
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Comparison of Vegetation
Data by classification

of QuickBird image

and FIIS Vegetation




Conclusion

* QuickBird data has the comparable spatial resolution
and spectral advantage to produce vegetation maps.

* Referencing the existing vegetation map for stratified
classification of QuickBird images is the key to
maintain a creditable database for monitoring and
updating practice.

« The final data product will meet the goal of updating
FIIS vegetation map with finer spatial resolution

* The protocol is simple to follow and replication for
other similar and future projects.
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SAV Mapping in FIIS

We adapted a classification scheme used by the New

York Department of State's Division of Coastal Resources
Office (NYDOS).

Our classification included presence and absence of SAV
with subcategories of:

>25% seagrass cover = High Density Seagrass (HDS) <
25% Seagrass cover = Low Density Seagrass (LDS) < 5%
Seagrass cover = Unvegetated bottom or Sand (SND).



SAV Mapping

The albedo of deep water is confusing to that of a dense
SAV bed. Therefore areas of deep water can be a
considerable source of error for mapping SAV habitats.

We generated a bathymetric model to mask out all areas
deeper than 2.5 meters mean low water in the study area.

We adopted the bathymetric data from the NOAA National
Geophysical Data System (GEODAS), employed about
32,289 points from 19 surveys to generate the depth mask.
We converted the point data into a 5 meter grid.



Input
Water only
Input Quickbird-2 data
Bathymetry mE_7_15_04_waterarly
grid
™,

n1_bathwm_7_15_04_fnal

Function to Modeler is used to mask
Select depth range . out all
pixels in the image
deeper than
Output 2 meters
Mask file

n3d_deep_areas

Function
To mask image

FnE_¥_1 5_Dd_watero>ﬂ;\

Output
Final Quickbird-2 image

With deep pixels masked

nA_7_15_04_water_deep_masked



#1:7_15_04_water_finalimg {:Layer_3):Layer_2){:Layer_ 1}

Separate into areas of
similar water quality

Zone C

Well Flushed
Clear water

Area

”{H'ig’h‘- turbidity
Plankton?




GPS locationing of the underwater camera

10/7/2003 08{@031007 886Wo7

Examples of GPS georeferenced Field Photos
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- Unvegetated Bottom
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SAV Classification Results

[ Seagrass < 50% cover

|:| Seagrass > 50% cover
- Unvegetated Bottom

Class Area (in hectares)
QB-2 2004  Aerial 2002
High Density Seagrass 1543.3 1300.9
Low Density Seagrass 703.5 167.4

Total 2246.8 1468.3



Advanced Land Imager (ALI) Data

Although high spatial resolution of the QuickBird satellite
data helped identify the spatial patterns of the SAV
communities, the lack of information on shortwave spectral
coverage limited the data capacity and quality of SAV
classification and mapping.

To improve this effort, we tested the Advanced Land Imager
(ALI) sensor data on board EO-1 satellite that include more
options on short wave spectral coverage.

The noticeable spectral band that covers the short blue
wavelength between 0.433-0.453 1 m could provide better
penetration for SAV identification.



ALI 30 m original data acquired on March 7, 2006
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Accuracy assessment for SAV classification
by ALI data on EO-1 satellite

Accuracy
Referen Class Number Produce
Class ce totals totals correct rs Users Kappa
HDS 63 75 95 87.3% 73.3% 0.63
LDS 49 75 41 83.7% 54.7% 0.42
SND 113 75 72 63.7% 96.0% 0.92

Overall Classification Accuracy = 75.7%
Overall Kappa Statistics = 0.64



Comparison of areas (ha.) of SAV classification
using ALl and QuickBird data for the same study area

ALl Quickbird
HDV 765 713
LDV 525 501
SND 970 783

Other 888 1151




Conclusion

 Integration of bathymetry data, orthophotography, and
GIS information is the key to establishing accurate
classification of SAV.

« Although high spatial resolution satellite imagery data
have advantages in mapping spatial details, acquisition
of satellite imagery data is mostly out of the control of
end users in term of getting the data for optimal times.
This is particularly true for SAV mapping.

* \We were unable to determine a unique contribution of
the short wave blue band in classification of SAV using
principal component analysis. Further testing is
recommended for gaining insights about the
effectiveness of ALI short blue wavelength in SAV

mapping.
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