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Analysis of seasonal changes of wetland landscape patterns derived from remote
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Abstract: As important natural ecosystems, wetlands play significant roles. Wetland ecosystems are associated with a
diverse and complex array of direct and indirect uses. Direct uses include the use of the wetland for water supply and
harvesting of wetland products such as fish and plant resources, while indirect benefits are derived from environmental
functions such as flood water retention, groundwater recharge/discharge, nutrient abatement, etc., depending on the type of
wetlands, soil and water characteristics and associated biotic influences. Extensive loss of wetlands has occurred in many
countries throughout the world. As the value of wetlands to society has become recognized, it is now important to conserve
these valuable resources. To prevent further loss of wetlands, and conserve existing wetland ecosystems for biodiversity and
ecosystem services and goods, it is important to inventory and monitor wetlands. For inventorying and monitoring wetlands,
satellite remote sensing has many advantages. Satellite data has repeat coverage so that wetlands can be monitored seasonally
or yearly. Satellite remote sensing can also provide information on surrounding land covers and their changes over time.
Using satellite remotely sensed data for land cover classification is less costly and less time-consuming than aerial
photography for large geographic areas. Satellite remote sensing can be especially appropriate for wetland inventories and
monitoring in developing countries, where fund are limited and where little information is available on wetland areas,

surrounding land covers, and wetlands losses over time.The Sanjiang Plain located in Northeast China was famous for its
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large area natural wetlands. However, natural wetlands shrunk substantially due to large-scale agriculture expansion under
the agricultural development policies. To conserve and manage wetland resources in the Sanjiang Plain, it is important to
inventory and monitor wetlands. Wetland classification is difficult because of spectral confusion with other land cover classes
and among different types of wetlands. However, multi-temporal data usually improves the classification of wetlands, as do
ancillary data such as soil data, elevation or topography data. This paper conducted a case study on seasonal changes of
wetland landscape patterns in the North Sanjiang Plain. First, multi-season remote sensing images in 2012 were collected.
Second, the object-oriented classification method and field survey data were adopted, to extract wetlands distribution data in
different months, according to phonological and seasonal features of wetlands in the study region. Third, seasonal changes of
wetland landscape patterns were analyzed. Results show that, remote sensing derived wetland area and landscape patterns
changed in different months. In the study area, wetlands were distributed in low-lying areas, with marsh and river being the
main wetland types. During different seasons, transformations between wetland and other land cover types occurred and the
transformation between marsh and grassland was the most important change. Wetlands and conversions between wetlands and
other land cover types were mainly distributed in low-altitude and low-slope areas, especially the areas with < 100 m
elevation and <5 ° slope. Remote sensing derived wetlands changed with variations of rainfall, air temperature, and
vegetation phenology. The results drawn from this study may help understand wetlands variations in important wetland
regions in China and even in other countries. These conclusions are useful in the formulation of governmental policies that
sustainability, and proper ecosystem

encourage ecologically and environmentally friendly utilization of land resources,

management under increased pressure from population increase and climate change.

Key Words: remote sensing; wetlands classification; landscape pattern; seasonal change; object-oriented method
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Fig.1 Location of the study area and the remote imagery ( October 9)
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Table 2 Accuracy of classification

A% H SAAAEE/ % Kappa &4
Date of ETM+ Overall accuracy Kappa
05-18 85.30 0.8631
06-19 79.00 0.9354
08-06 74.67 0.7918
09-07 84.59 0.7598
10-09 88.71 0.7531
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Fig.2 The classification map of wetlands in the study area in May 18, June 19, August 6,September 7 and October 9, in 2012
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Table 3 Area and percentage of different landscape of wetlands of study area in 2012
— 05-18 06-19 08-06 09-07 10-09
Wetlands category WAk RV’ WV BBV BV
Area Area Area Area Area

FEMIBEE Forest swamp 77.90 1.71 69.20 1.57 70.24 1.56 78.47 1.57 39.73 1.53
AR Bush swamp 15.79 0.35 11.53 0.261 29.49 0.66 31.37 0.63 0.92 0.04
BUATEE Mash 3672.37 80.41 376436  85.25 3744.05 83.42  4230.43 84.47  1922.17 74.05
[ River 522.87  11.45  510.05  11.55  579.05 1290  603.78  12.06  613.50 23.63
WA Lake 13.94 0.31 13.58 0.31 13.45 0.30 11.91 0.24 7.24 0.28
IKPE/ M 3E Pool 264.45 5.79 46.72 1.06 51.95 1.16 52.34 1.05 12.35 0.48
B S AR Wetland area 4567.32  14.50 4415.44  14.02  4488.23 1425 5008.30  15.90 2595.91 8.24
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Table 4 Areas and percentage of various landscape of wetlands of study area in 2012

o 05-18—06- 19 06- 19—08-06 08-06—09-07 09-07—10-09
e T/ km? R/ km? T/ km? TR/ km?
Wetlands conversion Py km % P/ km % P km % PV m %

Area Area Area Area

FEMRIBE—FRM Forest swamp — Forest 4.25 0.33 3.87 0.33 4.25 0.23 25.24 0.92
FEMRIB IR Forest swamp — River 2.33 0.18 3.33 0.29 2.78 0.15 2.12 0.08
HENTREE—UEM Bush swamp — Bush — — — — 6.64 0.36 17.88 0.65
TE VR FE— IR Bush swamp — River 0.05 0.00 0.04 0.00 0.58 0.03 0.27 0.01
B VA B Marsh — Grass 513.97 40.45 446.25 38.59 604.59 33.18 2346.96 85.41
FAEEETTH Marsh — River 33.23 2.61 66.44 5.75 59.01 3.24 50.36 1.83
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05-18—06- 19 06- 19—08-06 08-06—09-07 09-07—10-09
A2 ey B T I
Wetlands conversion P/ km % A/ km % B/ km % T/ km %
Area Area Area Area
FARTBEE—WIIA Marsh — Lake 0.90 0.07 1.20 0.10 0.59 0.03 0.11 0.00
WARTBE—IKIE /b Marsh — Pool 4.26 0.34 32.35 2.80 23.64 1.30 3.68 0.13
T FRMRIH B River — Forest Swamp 1.66 0.13 2.90 0.25 3.48 0.19 1.89 0.07
TR —HE TP River — Bush Swamp 0.02 0.00 0.08 0.01 0.32 0.02 — —
T ii— B AR River — Marsh 47.12 3.71 30.62 2.65 42.93 2.36 39.94 1.45
T Hii—4E /70 River — Bare land/sand 2.40 0.19 0.87 0.08 4.31 0.24 0.30 0.01
A B AR Lake — Marsh 1.30 0.10 1.23 0.11 2.15 0.12 4.64 0.17
WIA—F M Lake — Grass 0.01 0.00 0.02 0.00 — — 0.06 0.00
IKE/ M 3E— BB Pool — Marsh 214.18 16.86 26.78 2.32 20.74 1.14 34.76 1.26
TKEE/ MBI —F M Pool — Marsh 1.64 0.13 0.28 0.02 3.86 0.21 6.11 0.22
PR FRMIBPE Forest — Forest swamp 2.78 0.22 4.29 0.37 5.83 0.32 1.86 0.07
PRV Forest — River 1.78 0.14 1.99 0.17 1.52 0.08 1.01 0.04
T \—7E \TH P Bush — Bush swamp — — 8.06 0.70 11.21 0.62 — —
I Bush — River 0.58 0.05 0.98 0.08 0.47 0.03 0.10 0.00
B — FEATEE Grass — Marsh 419.97 33.05 492.11 42,56 1012.79 55.58 200.31 7.29
HHD—JA Grass — River 13.33 1.05 16.85 1.46 6.97 0.38 4.42 0.16
HHL— 17 Grass — Lake 0.01 0.00 0.03 0.00 — — — —
B — K /M Grass — Pool 0.27 0.02 — — 0.74 0.04 0.30 0.01
L/ V0 Hb—{ A Bare land/sand — River 4.60 0.36 15.70 1.36 1.57 0.09 5.14 0.19
A/ VB AE T Bare land/sand —Marsh — — — — 1.22 0.07 0.38 0.01
1B HL—1EHE Wetlands — Wetlands 305.05 24.00 145.83 11.88 623.65 34.21 137.77 5.02
{EH— AR Wetlands — Others 522.27 41.10 475.43 41.42 156.22 8.58 2396.55 87.21
AR — s Orthers —Wetlands 443.32 34.89 540.01 46.70  1042.32 57.21 213.52 7.77
AR M H Total conversion area 1270.64 4.03  1151.27 3.65  1822.19 578  2747.84 8.72
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Fig.3 Area of wetlands and wetlands converted with different

elevation ranges in 5 time point and 4 periods in the study area
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Fig.4 Area of wetlands and wetlands converted with different

slope ranges in 5 time point and 4 periods in the study area
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Fig.5 Changes of precipitation and temperature in the study

area in the year of 2012
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