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1 current address: USDA-ARS, Mandan, ND 7.3 MM ha Coteau; 2.2 MM ha in ND

GOAL

. —
Develop wetland assessment information system using new techniques and Why satellite remote sensing?

satellite technology tailored to Missouri Coteau glacial basins

Current data

. . . X Large areas (185 km x 185 km)
*System must be capable of providing appropriate spatial resolution for small basin .
detection yet with enough breadth to include over 10,000 km? with a single Less expensive than ground surveys
SIEEIEAmEs Less expensive than aerial interpretation acquisition and interpretation

because of basin size and landscape interconnectedness - f
Historical data available

*System must i o le h: ics specific to this region with Trend I e detecti
time series data representing intra-seasonal and inter-annual variability enclanayeescnangelcelecton
because hydrodynamics control basin function Land-use/animal-use analyses

*System must delineate wetland community vegetation from crop and rangeland vegetation Landscape controls and feedbacks

because hydric vegetation provides structural and water quality functions

*System must provide historical data to adequately analyze climactic variability and |
hydrodynamic feedbacks

because prognostic models of wetland change for these dynamic basins must
incorporate decadal variability in weather

In other words, we need landscape controlling factors expressed at operationally defined
spatial and temporal scales
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To meet the criteria, what were the trade-offs? SpatiallScalel

Determined by Platform

= Spatial limitation
900 mZinformation amalgam
Small water body exclusion
Mixed pixels
= Temporal limitation
Minimum 16-day satellite overpass intervals
Cloudy conditions

Temporal detection constrained to early, mid, and late-season phenomena

. " . - - Spectral and Temporal Resolution Issues
Spatial Resolution Selection Must Meet Application Criteria P P
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In our previous work (Wetlands, 2005), we evaluated 1 nm spectra resolution field
data to delineate wetland vegetation zones (sensu Stewart & Kantrud, 1971)
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Our latest work focuses on water for a specific Iandscape (AOI)
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For the purpose of assessing the spatial extent of wetland vegetation communities

Vegetation Zones
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Focus on Water

We know that structure and function for these systems is hydrodynamically controlled.

We need to delineate intra-seasonal hydrologic variability for Missouri Coteau water
bodies to capture temporal hydrodynamlcs



http://wetlands.fws.gov/mapcodes.htm
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Objective I. Delineate water bodies from surrounding vegetation intra-seasonally to

separate water from non-water. Field Surveys April-September 2003 and 2004

Spectral time series (every 16 to 32 days)
«record in situ water spectra and water chemistry
-turbidity
-pH
-inorganic nitrogen
-specific conductivity
-chlorophyll in vivo
«record in situ plant spectra, plant genus, and
vegetation zone (sensu Stewart and Kantrud)
-algae
-aquatic vegetation
-emergent vegetation
-marsh, meadow, and upland vegetation

Characterization required for spectral delineation and building satellite models

Delineation issues specific to Missouri Coteau water bodies

Turbid Water
Deep Marsh Veg

Water
Shallow Marsh Veg

Aquatic Vegetation
Landsat 5 bands

Wet Soil

0.30
Turbidity

Aquatic Vegetation 0.25
Algae /
Water subsidence 020
0.5
Need to successfully separate water from all other classes under a range

of conditions, including high turbidity, algal cover, hydrodynamic
variability
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Spectral Reflectance Mean Values and Groupwise Comparison Results

v
Class NDVI GNDVI EVI Albedo | SR23/57 | SUM157
W | water, low turbidity 013 D 025 D| 001 C 001 C 012 D | 002 C
? Water, high turbidity 071 A 052 B| 011 B 002 C 004 D | 001 C
E | Algae 051 B 029 C| 015 B 0.05 B 012 D | 004 C
R [Taquatic vegetation 069 A 051 B| 013 B 002 C 009 D | 001 C
O | Deep Marsh Vegetation 077 A 075 A| 043 A 007 AB| 321 B | 024 B
:‘ Shallow Marsh Vegetation 082 A 077 Al 046 A 007 AB | 362 B | 024 B
E | Algal Wet Soil 030 C 024 C| 014 B 009 A 131 C | 026 B
R |pr>F <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

The SUM157 spectral algorithm was built into the satellite based model

Objective Ill. Determine intra-seasonal water presence/absence for each pixel

’
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- v
Select cloud free pixels.

If cloud/cloud shadow in the priority image, pixel data will come from the second image.
We prioritized images according to clouds and atmospheric correction quality

Determine water coverage for each pixel.

If pixel has cloud/cloud shadow in one of the three images, marked as cloud.

If pixel has water values in all three images, marked Permanent/Semi-Permanent Water.
If pixel has water values in two of three images, marked Seasonal Water.

If pixel has water value in one of three images, marked Temporary Water.
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Objective II. Satellite Water Detection Model Application

Process six Landsat scenes over our AOI for each year, 2002-2004

Landsat 7 bands,

185 km * 185 km
Geo-referenced and
atmospheric corrected

Mask clouds and
cloud shadows

@
@

Calculation of indices
for each pixel

WATER DETECTION RESULTS

AAir Temperature, Min and Max, for each Year 2002-2004

Minimum
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Maximum
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Month
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Rainfall, Monthly Averages, for each Year 2002-2004 Potential Evapotranspiration, Weekly Averages
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Results Results

National Wetiands Inventory

©— National Wetlands Inventory
E 2002 Permanent Water

2003 Permanent Water
2002 Seasonal Water E
2002 Temporary Water
150 300 600 Meters

2003 Seasonal Water
| 2003 Temporary Water
150 300 600 Meters




Results

Accuracy Assessment

Stage | Stage Il
Are modeled water vs. non-water classes Within-year water permanence model
delineated accurately? classification accuracy
Where is water not classified as Are temporary, seasonal, and

water? permanent waters correctly
Where is non-water classified as classified, according to ground
water? surveys?

Method

Five ~30 ha sub-units selected inside our AOI ground surveys in 2005
1. Allwater bodies were classified and mapped using GPS
2. AllNWIwetlands inside each sub-unit were also classified

3. Results from the 2005 model processing will be compared against ground truth for water
detection and water classification accuracy
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Year-to-Year Variability in Water Persistence
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Preliminary Accuracy Assessment Results

= Stage |
August 29 2005 water detection, compared model with ground surveys and
aerial photography for 5 selected sub-units
136 water bodies surveyed in 2005
32 water bodies persisted as of Aug 29
17 of these were larger than 450 m?
Did Landsat model detect water for all 17? Yes.
Did Landsat model detect water in non-water areas? No.

Complete 2005 model and accuracy assessment for all classes in process



How does our water detection model compare with
National Wetlands Inventory?
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NWI classification
http://wetlands.fws.gov/mapcodes. htm’

In terms of individual wetland polygons
Total NWI Missouri Coteau wetlands inside our AOI = 46,966
NWI wetlands < 450 m2 = 5,805
Percent of wetlands by number below Landsat detection limit = 12%

In terms of area for water inside our AOI (pixel basis)
Total NWI wetland area, polygons inside our AOI = 40,088
Total NWI wetland area below the detection limit = 223
Percent of total area below Landsat detection limit = 0.5%

Results for our AOI (=100 mi?)

Area for each class (ha) NWI NWI>450m2 | 2002 2003 2004

Permanent/Semi-Permanent | 23,255 | 23,253 13,159 | 10,518 10,089
(NWI semi-permanent and

Seasonal 13,209 | 13,128 3,845 3,311 3,246
(NWI seasonally flooded
saturated)

Temporary 3,624 | 3,485 5,281 3,809 3,916
(NWI temporary flooded
saturated)

Total 40,088 | 39,866 22,285 | 17,638 | 17,252

NWI definitions for water persistence in our AOI - our classification

Temporary Flooded Saturated -> Temporary

Seasonally Flooded (Saturated) -> Seasonal
Semi-permanently Flooded > Permanent, Semi-Permanent
Intermittently Exposed > Permanent, Semi-Permanent

o0 ®>»

Landscape Water Coverage

16%
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http://wetlands.fws.gov/mapcodes.htm
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Difference detection between NWI
and 2002 results (our AOI)

Difference detection between NWI and
2002 results (east of Lake Sakakawea)

-12,647 ha (140,500 pixels) Water
present in NWI, not in 2002

+5,579 ha (62,000 pixels) Water present :
in 2002, notin NW1

(I 2002 0 water present - mapped on N | 2002 10 water present- mapped on NVA

Difference detection between NWI and

Difference detection between NWI and; 2002 results (north of Benedict, ND)

2002 results (northeast of Turtle Lake)

T National Wetlands Inventory
Parmanent water - Landsat 2002
Seasonal water - Landsat 2002
nporary Landsat 2002

(B 2002 no water present- mapped o NV
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Summary & Possible Future Directions Finally....

Missouri Coteau wetland structure and function are driven by intra-

seasonal hydrodynamics When it comes to remote sensing water, one size does not fit all
Our remote, landscape-level system tracks intra-seasonal changes in water
permanence.
The 2005 will include ification accuracy based on random

ground surveys.
We plan to:

merge wetland vegetation with water permanence detection for
comprehensive wetland assessment and geo-statistical analyses.

model historical data (1995 — 2001) and diagnostically model climate
variability interactions with water persistence. _—

build prognostic models under variable climate scenarios to forecast
impacts of climate change on Missouri Coteau wetlands.
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