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Project History and Acknowledgements

This study was conducted in the Kansas City metropolitan area

The remote sensing of land cover changes in this area spanned over
four decades from 1972 through 2010.

The first stage focused on detection of long-term trends of urban land
cover change from 1972 through 2001 (US EPA MM98705401 and
MM98735701)

The second stage examined how to detect the coupled effects of
human impact and climate change on urban landscapes (US EPA CD
97701501)

K. Underhill, J. Ma, D. Murambadoro, and X. Xu worked on the projects
as part of their dissertation or thesis research.
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Kansas City area experienced significant urban sprawl in recent decades

Metro Area 1972 1979 1985 1992 1999 2001
Built-up 8.65% 10.38% | 12.03% 1541% | 18.69% | 19.19%
Forest 16.36% | 16.44% | 16.81% 16.58% | 16.71% | 17.36%
Non-Forest | 73.93% | 71.96% | 69.06% 66.03% | 62.70% | 61.24%
Surface 1.05% 1.22% 2.10% 1.99% 1.90% 2.21%
water

(1) Have human activities and precipitation variation jointly impacted surface water cover?
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(2) How can we detect such coupled impacts through remote sensing analysis?
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Annual Precipitation
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According to US EPA (1997, 1998), both Missouri and Kansas states
have seen 10-20 % increase of precipitation in the recent decades

Recent observations and studies indicate that in many metropolitan areas,
urban landscapes might have been shaped by climate impacts (e.g.
precipitation variation) (Ji and Murambadoro 2010; Kaplan 2012; Mez0si et
al. 2013; Mitsch and Hernandez 2013).
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Reconsider indicators for urban remote
sensing: “Dryscape” vs. “Wetscape’?

Urban surface
waters or loosely-
defined wetlands
(Wet-landscapes
or “Wetscape”)

Built-up lands — impervious
surfaces (Dry-landscapes or
“Dryscape”)

Major drivers of urban land transformation: human
Impact and climate change (e.g. precipitation)

“Dryscape” is a good indicator of human impacts but
less effective to represent climate (e.g.
precipitation) change

Is “Wetscape” an effective indicator of the coupled
effects of human disturbance and climate impact? UI\EKC
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Wetscape indicator for linking two driving forces of
urban land transformation: a new understanding of
urbanization process in relation to climate change
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Research Objectives

Research Challenges

Research Approaches

Verify the
effectiveness of
the wetscape
indicator through
remote sensing
analysis

Develop a new
understanding of
urban landscape
change based on
the wetscape
indicator

Must be able to
detect fine-scale
wetlands that
traditional image
classification
methods cannot do

Must be able to
analyze the
wetscape change in
relation to human
activities at various
scales

Must be able to link
wetscape indicator
change to
precipitation
variation in analysis

Develop a
knowledge-based
image classification
algorithm on urban
wetland detection

Across spatial &
temporal scales in
wetscape analysis

Analyze size effects
of wetscapes

Analyze long-term
precipitation trend
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Study Area

The Kansas City metropolitan area

Location of Study Area Location of Three Major Watersheds
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Methodology: General Procedures

(1) Conduct traditional supervised classifications
(base maps):

Wetlands

Farmland/grassland

Impervious surface
Forestland

(2) Create a knowledge base

(3) Conduct the knowledge-based classifications to
fine-tune wetland features of the base maps

(4) Verify the effectiveness of new method by
guantitative comparison

(5) Analyze urban wetscape dynamics in relation to
driving forces
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Data used (examples)

Data Description

SPOT -2 images

SPOT -5 images
Historical images
Watershed boundaries
Agricultural field polygons
River polylines

Land cover classification

Digital elevation model
Slope model
NDVI

Hydric soil surface

Wetland vegetation

(band 1-3) 1992, 20m spatial resolution
(band 1-4) 2008 and 2010, 10m spatial resolution
Base maps for accuracy assessment

Determine the boundaries of sub study areas
Photo-interpreted — unique for all years

As the background for river wetland

Via maximum likelihood (ML) algorithm; served as baseline
classification

Resolution =3m for XY and =around 0.1m for Z
Calculated from DEM
Calculated from satellite imagery

Indicator of potential wetlands

Distribution and density of comprehensive wetland vegetation
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Methodology: Creating Knowledge Base

Use the ERDAS IMAGINE Knowledge
Engineer software to create the
knowledge base

‘ Knowledge Engineer

File Edit Evaluate Help

In this process, two “hypotheses” have

WS £+

been set to indicate two urban wetland
types:
Open wetlands

Vegetated Wetlands || Hypotheses A x

g Hypo Props: untitled.ckb

Mame:  Mew Hypothesiz

Create an Output Class

Color, @ Grayscale () Specify

Apply ] [ Cloze ] [ Help ]
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Methodology: Creating Knowledge Base

Variables used in the knowledge base

Property Variables Description
Elevation Urban wetlands are typically located in low-lying places
Terrain
Slope Help define the concentration of urban waters
Distance from River Veg. wetlands are typically not far away from large water bodies

Spatial adjacencies

Distance from impervious . . e .
Open wetlands are typically kept in distance from artificial constructions

surface
NDVI The NDVI of wetlands are usually lower than other urban features
Habitat conditions . The distribution and density of wetland vegetation can help define the urban
\Wetland Vegetation
wetlands
Agricultural lands are typically formed as regular polygons, while wetlands are
Ag. Polygon Surface g ypically g Poyg
Hydrogeomor- not
phological Hydric Soil Surface Help define the potential locations of urban wetlands
characteristics
Area Open wetlands are typically larger than a specific size value
Relevant - . . o . .
. ML Class Classified by using maximum likelihood (ML) algorithm and are kept intact
geostatistics
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Slope = 9 (%)

NDVI = —0.1 |

MLC class = 1

Threshold distance to impervious
surfaces < 100 (m)

Rule 1a

Creating Knowledge Base

I Open wetland

Rule 1b Area> 1250 (m) |

MLC class = 1

Decision tree for -

knowledge-based ]
|  Rule2 MLC class=2 |

classification of ——
Wetl an dS Elevation <228 (m) |

Rule Xb Threshold distance to nvers < 20 (m) |

MLC class =2

Threshold distance to rivers < 20 (m) |

I Vegetated wetland K

Elevation < 228 (m) |

Ratle 2¢ NDVI = 035 |

Wetland vegetation=1 |

| Rule 2d |_| MLC class = 1 |
I Farmland grassland [_| Rule 3 |_| MLC class =2 |
|
|

| Impervious surface H Rule 4 I—l MLC class = 3
| Forestland [—| Rule s |—— MLCclass =4
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Methodology: Knowledge-based
Classification

After the knowledge bases have
been created, the Knowledge

Classifier applies the knowledge
base tO the base mapS tO re_map START BY SELECTING & KNOWLEDGE BASE FILE:
MHext
Wetlands Previous
‘jﬁl Knowledge Baze: g
pule Condition hd @'? Batch

Three othe.rlland cover.s. crgated '_r:# =
by the traditional classification _<i#
were kept intact in the —

. g . _S A
knowledge-based classification:

Farmland/grassland

Impervious surface
Forestland
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Classification Results

Kansas City Metro Area Land Cover 1992

Shoal Creek-Missouri River

Blue River
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Improved Detection

White Oak Creek, Little Blue River Watersheds 2008 Rock Creek, Shoal Creek-Missouri River Watersheds 2010 l l Am(‘
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Methodology: Other procedures

Assessing classification accuracies and comparing
two classification methods

Verifying the effectiveness of knowledge-based
approach used for urban wetland detection

Analyzing Urban Wetscape Dynamics in relation to
driving forces
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Accuracy Assessment & Analysis

Land cover 1992 2008 2010 Land cover 1992 2008 2010

class Producer's User's Producer's User's Producer's User's class Producer's User's Producer's User's Producer's User's
Wetland 84.6 68.5 91.3 729 88.1 73.1 Wetland 92.1 90.3 96.2 91.7 94.9 93
Farmland/ Farmland/

Grassland 87.2 90.3 86.9 92.4 84.9 94.5 Grassland 88.7 934 88.1 95.3 87.8 94.3
Impervious g, g 87.2 91 93.8 93.3 92.7 Impervious )5 gg1  os9 974 952 972

surface surface

Forestland 94.3 86.9 97.4 90.2 95.8 89.2 Forestland 94.8 87.3 97 87.9 96.4 84

Total 87.5 89.4 90.1 Total 90.1 91.6 918

Traditional approach Knowledge-based approach

The accuracy on wetland cover improves significantly
The producer’s and the user’s accuracies are both higher than 90%
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Urban Wetscape Dynamics Analysis

® The new knowledge-based
classification can help
detect around 10% more
urban wetlands on
average
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Urban Wetland Dynamics at the
metropolitan level

Legend

— el
Farmland/Grassland . . .
oo T 0 1530 @ s im0 + Knowledge-based classification results in terms of the area and
percentage of detected land cover in all study years
Wetland
_ 1992 2008 2010
increased
Area Cover Area Cover Areca  Cover Total change
Farmland/grassland Land-cover type km®) (%)  kmd) (%) kmD) (%) (%)
large decline Wetland 5379 1.76 54 1.77 5816 191 +8.52
. Farmland/grassland  2362.66  77.52 194907 6389 1883.84 618 20.27
Impervious surfaces Impervious surface 22044  7.23 33069  10.84  430.65 14.13 +95.43
Forestland 4103 1346 71655 2349 6755 22116 +64.63
o Almost doubled
Forestlands
increased

At the metropolitan level, both wetlands and impervious surface increased
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Wetland Cover Changes at Watershed Level

Watersheds in the study area

Shoal Creek-
Missouri Rived
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The decrease in wetlands was well correlated with the increase in
impervious surfaces in the Blue River watershed: human builtup impact
on the smaller wetlands? In contrast, in the Little Blue River watershed
and in the Shoal Creek — Missouri River watershed wetland cover
gained: suggesting swelling of the larger wetlands in response to

precipitation increase?
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Wetland cover changes in selected sub-
watersheds
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At sub-watershed level, wetland changes were not necessarily the same as their
parent watersheds.

The urban wetland change trends tend to vary or differ more at the sub-
watershed level, suggesting the impacts of driving forces are highly location UAE[(C
dependent at a fine scale level. UNIVERSITY OF MISSOURI
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Annual Inflow (x10'm’)

Precipitation Impact Analysis

Clinton Lake, 1935-2009 | y =0.1406x + 15.248 |
70 7 1 m Historic Average
60 ]
] - _ 80 4 | R3] Actual, 2009-2010
50 . 70 3 N
40 | N M . Clinton Lake
30 1 m 1 | | s

20] il T 1

u 40 4
o S A -
0 T T T ik T T —|-| T S
1940 1950 1960 1970 1980 1990 2000

10
Long Branch Lake, 19632009 [y =00432x + 81972 | 01BN gﬁﬂ g%ﬂ £ EN £ g%@ |
N

30 - 5 <200

4 . Long Branch Lake

25 o e . 175 g <
] > i

20 - e . > 150

154 T O = N D— - =125

wd . = e LU |

(=}

=
0 -_'_l ]_‘I— :I“IV —'T T 1';I: I W f 50_‘ § E
1965 1970 1975 1980 1985 1990 1995 2000 2005 = 257 NEY %ﬂ :
§ O 1 ] 1 1 .

Pomme de Terre Lake, 1940-2009 [ y =0.0906x + 48915 |

. 35 W
E - 1 Pomme de Terre Lake

0 S S N — - 30 -
- . ]

80 oA | E | S— | — - 25 - <) N

60 I FH - oo B =S 1 A 20

117111 P

T T T T %
2005
| [ Annual Inflow

Linear (Annual Inflow) | Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul
(1) A long-term rising trend of inflow to the study lakes in the region confirms an
increase in precipitation in the region in recent decades; (2) The 2009-2010 inflow to

the study lakes far exceeded historical monthly mean, which explained the relatively Am(
sharp increase in wetland cover in this period. U C
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Wetland Size Impact Analysis

|:| Large Wetland Bodies (>8ha)
] |:| Small Wetland Bodies (<8ha)

1.53 1.42 1.47 sl
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Farmland/Grassland
I Impervious Surface e = 0.0 T T T T T T T
- Forestland 0 15 30 60 20 120 1992 2008 201 D 1 992 2008 20 ]0

Traditional Approach Knowledge-based

At the metropolitan level, there were consecutive increases in wetland cover in the study years when
all wetlands were combined in the analysis. However, when excluding the larger wetland bodies from
analysis, the study area registered a decline in wetland cover, suggesting that the two size groups had
different underlying trends: gain in the larger wetlands vs. loss in the smaller ones.
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Wetland Size Impact Analysis

Wetland Cover (%)

Blue River Watershed

[ Large Wetland Bodies (>8ha)
[ 1Small Wetland Bodies (<8ha)
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The wetland size comparison analysis suggests that the wetland-

gaining trends directly detected by remote-sensing methods would
be largely caused by the swelling effect of increased precipitation,
which is more noticeable in the larger wetlands.

This analysis also indicates that the study area experienced a
general decline in the cover of the smaller wetlands, which was in
correlation with the significant expansion of impervious surfaces in

the region.
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Conclusions

The study suggests that urban wetscapes are subject to coupled impacts of
human built-up activities and precipitation variation. Such impacts vary at
different scales and based on the sizes of urban wetlands.

The cover change of smaller wetlands is more closely related to human built-up
impacts, whereas that of larger ones is more responsive to precipitation
influences.

Increased precipitation could swell wetlands, particularly larger ones, which may
inflate the remote sensing findings on urban wetland change trend.

With all of the findings, the study confirms that the wetscape dynamics is an
effective indicator of coupled effects of human disturbances and climate change
on urban landscapes. The study of the indicator dynamics provides a new
understanding of the urban land change — driving force relationships.
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Conclusion

® The integrated knowledge-based classification
algorithm can improve urban wetland mapping
capabilities
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Understanding urban wetland dynamics: cross-scale detection and
analysis of remote sensing

Wei Ji*, Xiaofan Xu, and Dzingirai Murambadoro’

Department of Geosciences, University of Missouri — Kansas City, Kansas City, MO 64110, USA
(Received 25 March 2014; accepted 14 January 201)5)

This study aimed to detect and understand remotely sensed urban wetland dynamics as
a sensitive indicator of the combined effects of human disturbances and climate
impacts in the course of global change. To address this objective, the study developed
technical approaches to detect and interpret wetland changes across spatial scales in
complex urban landscapes. Using a series of Satellite Pour I’Observation de la Terre
(SPOT) 1mmages covering 1992-2010, the study was conducted in the Kansas City
metropolitan area of the USA, which has experienced significant urban sprawl in
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