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Challenges of modeling wetland ecosystems

 Wetlands are dynamic.
 Wetlands are diverse. ==
 Wetlands vary in size.

Lack of adequate
== Dbaseline data
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Wetlands and Climate Change
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Methods — Reconstructing 30 years of wetland
dynamics




Spectral Mixture Analysis

Spectral signature for 1 pixel
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Spectral Mixture Analysis
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Validation — Surface Water

SMA = 1.457 hectares Delineated = 1.295 hectares



Comparison of SMA to validation data
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Reconstructing a wetland timeseries

Object Based Image Analysis (OBIA) Landsat satellite archive (1984 — 2011)
to measure changes in surface water

for each wetland.



Example surface water area hydrograph of a wetland
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Variability of Wetland Hydrographs

[
|
N
_ | .'I | ¥ | |
| | | i ] !
|| ! | I'| .'l Irl I l ‘ ] ||| \ ‘ i | ,I\ a I."'i| I:I.
A4 ! ! I'I
l h ll'l ’ ‘llf’il-'f Il"“-l! |! | * | l" |I ||- .JI Ll l_.' '_" I'-..-'"_-'"IIJII
’IEIIEE 1'EIIEE' 1'5II 2000 2005 E"III'['
Daia
I.I‘IH*\ llh ~ ' |
| "'. If_,'J ' -Il _._‘.
- Il'f"'l o .’"III l’;Jh"- P ] i
| 1 :
I' A f P .':I IILH‘ I !?l"h a"} y
1I|I'| I|I III ' ]| I|I ! . l‘ I| | III
! f‘ oy \g | \a'
I ! I
T \'
\,' ¥ ' U ‘I
1‘.—'JIH’.'- 1!:?"?-]I'I 1995 2000 ?'l.'flll'l:":- 2010

Inurdabor Area iha.|

oo 02 04 06 OB 10 12 14

Inundation Area (ha )

I'-II I|1 |
l | J I h II ] [ ',‘l ||I| |i| llL ;
IR Y
) |J I I II II.II I v !| :II I| f | an i |I l I'! '!'I ) | II |
\Ilh] { |J|I| |I|'I| \ ) ' \II ||| .II fi I| | II,'1 .| | | | (l II II
| l._J I!u|I L / !'i' 'I ls I—.I : \J 'Lul ',-II LI tl
1285 1 E:EEI 1 EIIES EI:III}: 200 2:'I1 0
Dale
1) !1’,\1 » i
| f* v f\,r at.
g ey .
W/ i
i by / A 1
w i W
v |
|
1!—';3!'- 19490 1945 :‘EII!'II:- 20065 ?:]IH]




|

Seasonal Change

An example of drying rate
for one year - 2011
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Human Impacts
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Strengths of remote sensing approach

* Can be used to reconstruct the past using archived
Landsat data.

* Provides a tangible measurement of wetland
dynamics (surface water area v. an index (eg. NDVI)

* Measure change at fine resolutions, sub-pixel (e.g.
<30m for Landsat).

* Can be merged easily with other sensors without
need for calibration (e.g. Landsat 4,5,7,8 etc..)

* Treats wetlands as objects not pixels.



Limitations of remote sensing approach

* Measures an approximation of surface water
area.

* Cannot detect water under canopy.
* Impacted by snow, clouds, shadows.

* Need endmembers — pure pixels or a spectral
library



Projecting Climate Change Impacts to wetland
dynamics




How will wetland hydrology change in the future?

1.) Combine remote sensing tools to map and reconstruct the

flooding and drying patterns for individual wetlands.

2.) Relate this dataset to historical climate and make future

climate change projections.

3.) Co-develop data products with stakeholders to ensure data

is useful and will get used.



Study Area:
Columbia Plateau

* Depressional wetlands

* Mostly ephemeral

* Not forested

* 3 areas: Glaciated
Region, Channeled

Scablands, & Columbia
Basin Irrigation Project
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How will wetlands change in the future?

* Change in how frequently a
wetland dries.

* Change in average max/min
water levels.

* Change in when a wetland
dries (drying date).

* Change in distribution of
wetland types




Workshop to Identify Project Products
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Wetland dataset : —

L1
Canada "{

* sample size ( > 5,000)

* temporal extent (27 years)
* frequency (~ 16 days)

* spatial scale (<30m)




Regression-based wetlands models

Historical
climate
records
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Regression-based wetlands models
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3. Variable Infiltration Capacity (VIC)
macroscale model|

Variable Infiltration Capacity (VIC)
Macroscale Hydrologic Model
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Variable Infiltration Capacity (VIC
macroscale model
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Variable Infiltration Capacity (VIC)
macroscale model|
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Climate modeling

A1B scenario 2080s:

* Air temperature
increase by
5.3°F (2.8-9.7°F)

* Annual precipitation
increase by 4%.
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Results




How well does
the model
work?
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Climate modeling

Limitations:

e Can’t model wetlands with large
human impacts

e Simple proxy for groundwater

* Reduces dataset to ~ 1,700
wetlands (1/3 of all wetlands).
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Water levels (%)

COR:0.87

Example of a Surface Water
Driven Wetland
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Water levels (%)

COR: 0.78

Example of a Groundwater
Driven Wetland

NSE: 0.62




How will
wetland
hydrology
change?

Change in
drying
frequency
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Change in Distribution of Wetland Types
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Change in Distribution of Wetland Types
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Change in Annual Temperature by the 2080s

Model. Ensemble Average, SRES emission scenario. A1B
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Summary

* Downscaled climate models and high resolution
remote sensing data provides better spatial and
temporal detail for understanding wetland response
to climate change.

* Wetlands will not have a linear response to climate.
Some wetlands may get drier, but some may get
wetter. — even for wetlands within close proximity to
one another.
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Can We Conserve Wetlands Under a
Changing Climate?

Historical Changes in Hydrology
N (1984 -2011)

Since 1984, wetlands in the Glaciated region and parts
of the Channeled Scablands of the Columbia Plateau
have decreased in annual mean surface water area,
while wetlands in the Channeled Scablands either

° have not had a dramatic change in annual mean

ha 20.30
surface water area, or have increased slightly. This e
pattern is strongly related to the spatial distribution of celat  Gar
groundwater driven and surface water driven ’ POINT_X 119.29
wetlands. In general, groundwater driven wetlands : POINT_Y 48.00
have decreased in mean surface water area, while 46,613
surface water driven wetlands have increased in mean 7,148
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surface water area or have had little change in mean

surface water area. P TO01eS
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