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Abstract. Floodplain hydro-geomorphology is the major factor for vegetation growth and
biomass. Characterizing interaction between the vegetation and hydro-geomorphology is
essential to better understanding river ecosystems in arid regions. In this study, considering the
various hydro-geomorphological dynamics of floodplains, the study area was divided into four
functional zones and spatialized lateral variations of the floodplain fluvial disturbance
intensity, sediment erosion and deposition process, moisture dynamics and vegetation growth
condition through Landsat and daily Moderate Resolution Imaging Spectroradiometer
(MODIS) time series between 2010-2015. And analyzed the various interactions between
floodplain vegetation and hydro-geomorphology in different floodplain lateral zones. Results
shows that the highest vegetation NDVI values (>0.4) are distributed in the regularly static
floodplain area where characterized regular flood inundation and has moderate moisture
ability. Vegetation NDVI values in the frequency inundation, wet and highly dynamic
floodplain area are mainly less than 0.2. Results indicate that different hydro-geomorphological
processes dominated in floodplains, therefore plants and hydro-geomorphology interact each
other in different ways from river to floodplain margins. Using remote sensing time series can
be better characterizing the different interactions between floodplain vegetation and hydro-
geomorphology. This study can help to better management of river ecosystems in the arid
region floodplains.

1. Introduction
Floodplains are the most biodiverse ecosystems in high-latitude arid regions [1]. Floodplain vegetation
response to the hydro-geomorphology is directly related to the proper functioning of riparian
ecosystems, which act as a transient corridor between aquatic and terrestrial ecosystems [2]. Highly
dynamic wandering river floodplains are randomly affected by irregular river water disruption,
whereas increases and decreases in water levels are not affected by temporal and spatial restrictions.
Vegetation growth and biomass also change when the above factors vary [3]. High revisit rate remote-
sensing images can be used to capture continuous rapid changes that occur in the vegetation,
hydrology and geomorphology of floodplains [4].

Remote sensing is a useful tool for investigating spatial-temporal variations in floodplain dynamics
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[5], providing a potential tool for quantifying the characteristics of floodplains in arid regions [6].
Because of their geographic location, dry floodplain regions have fewer cloudy days and a minimal
tree canopy [7]. Remote sensing has a number of features, such as time-series records, high time
resolution and easily acquired river landscape information that benefit to investigate the relationship
between floodplain vegetation and hydro-geomorphology [8].

The objective of this study is to characterize the different interactions between vegetation and river
hydro-geomorphology from the riverbed to floodplain margins. The most northern part and the highly
dynamic wandering reach of the Yellow River was selected as a study reach. Different statistical
indicators of a pixel-based time-series NDVI, LSWI and floodplain areas were used to characterizing
the different zonal distribution patterns of the floodplain vegetation and hydro-geomorphology
interactions. This result can provide useful information for the better management of river ecosystems
in high-latitude arid regions.

2. Study reach and methods

2.1. Study reach

The study reach is located in the southwestern region of Inner Mongolia (107° 24” E, 40° 38” N ~
107° 26” E, 40° 39” N) and the most northern part of the Yellow River (figure 1), and it presents a
typical arid and semi-arid inner continental climate [9]. The yearly mean precipitation is 150-400 mm,
and 75% of the precipitation is concentrated between June and September, summers are hot and dry,
whereas winters are cold and long. The minimum winter temperature is -39<C [10]. The floodplain has
an area of 500 km?. The longest part of the floodplain is 30 km and the widest part is 5 km, is a typical
wandering river floodplain. The vegetation types mainly consist of salt-tolerant vegetation, such as
Bermuda grass, Suaeda salsa, and Sporobolus virginicus.
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Figure 1. (A) The Yellow River Basin and location of the
Linhe Reach (in black box); (B) The Linhe Reach and
location of the study area (in dashed lined box); (C) NDVI
image for the study reach in the 15 Aug. 2015. (D) False
color composited image of Landsat 8 of the study area
collect from 12 Jan. 2015

The geographical conditions and the direction of water flows from a low latitude to a high latitude,
the freeze-up occurs from downstream to upstream in winter and break-up occurs from upstream to
downstream in spring, which may let to ice jams or ice dams due to the quick increase in the ice-melt
flood. the study reach occurs two times different degrees of the ice flooding phenomena in each year
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[11]. These periods the study area presents a serious water banked-up phenomenon that occurs in the
Yellow River during Nov to Apr in next.

The study reach is part of the Hangjinnaoer natural conservation area that is relatively unaffected
by human activities, and vegetation productivity mainly depend on the floodplain hydro-
geomorphological dynamics. Therefore, it considered a “natural laboratory” for investigating the
changing floodplain dynamics of the Yellow River [12].

2.2. Zonal distribution concept of the study area

Highly dynamic wandering rivers are located in high latitude arid regions which presents more
complex hydro-geomorphological dynamic activities that continuously affect floodplain vegetation
productivity. Does the interactions between the floodplain vegetation and hydro-geomorphology are
different from river to edge of floodplains? Before answer this question, we assume that the
interactions between the floodplain vegetation and hydro-geomorphology will present significant
spatial variations from the riverbed to floodplain margins. The study area is a main reach of the Upper
Yellow River, where scouring and silting processes are quite complex [11]. In addition, the
floodplains located in the high latitudes also experience the ice jamming phenomenon in each winter,
which complicates floodplain hydrological processes. Therefore, we define four dynamic zones in
river channels and their floodplains dominated by different hydro-geomorphological patterns and
caused vegetation and hydro-geomorphological process interact with each other in different ways,
including: (1) The highly dynamic continuously inundation zone is covered by water all year, is
mainly submerged by deep water, has less vegetation growth, and high sediment dynamics
characteristics. (2) The highly dynamic frequently inundation zone experiences dramatically changing
water levels, is strongly affected by the river geomorphology, and has some vegetation that is
influenced by changes in the summer and winter river water levels. Furthermore, the spatial
distribution of the vegetation growth patterns is highly dynamic. (3) The static regularly flooded zone
is affected by regular ice jams. Floodplain geomorphology is highly stable. Vegetation growth has
distinct seasonal characteristics and presents a regular inter-annual contrast. (4) The static extremely
rarely flooded zone includes floodplains that experience flooding less than once in 50 years, and the
vegetation in this area relies on summer runoff and winter snow. Floodplain geomorphology is rarely
interrupted by floodplain hydrology, and has relatively static geomorphological characteristics.

2.3. Data processing

2.3.1. MODIS images processing. Daily Aqua/Terra Moderate Resolution Imaging Spectroradiometer
surface reflectance bands 1-2 (MODIS9GQ) images with a spatial resolution of 250 m were
downloaded in bulk from the Level-1 and Atmosphere Archive & Distribution System Distributed
Active Archive Center (LAADS DAAS) at the Goddard Space Flight Center website [13] using Wget
software [14]. A total of 8000 images with relevant tiles of H26V04 (horizontal number 26 and
vertical number 04) were downloaded for 1 Jan. 2010 to 31 Dec. 2015. MODIS images used here have
undergone standard corrections for gasses, aerosols and Rayleigh scattering; however imperfect
corrections may affect results in using time series of remotely sensed images. Data were re-projected
from the sinusoidal to the WGS84 geographic coordinate system, images were clipped by a study area
vector border map, and image types were converted to Tag Image File format on the website before
downloading. Subsequently, cloud-free images were selected from the post processed images.

The Normalized Difference Vegetation Index (NDVI) has been used extensively to examine
vegetation growth and biomass in arid floodplains [8]. Therefore, it can be used to investigate the
vegetation responses to the river hydro-geomorphology in the study area. The formula for the NDVI is
as follows:

NDVI = (NIR - RED) / (NIR + RED)
where NIR is the reflectance value of the MODIS 9GQ 2-band (841-876 nm) and RED is the MODIS
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The NDVI values range from -1 to 1, with negative values corresponding to areas that are
completely open water and positive values corresponding to areas covered by green vegetation [8].

Here,

several NDVI statistical indicators were used to identify the vegetation growth and

geomorphological dynamics of floodplains, including peak NDVI value and inundation water

persistence time.

Maximum NDVI value is the main indicator statistics from the NDVI value, and the maximum
NDVI value was used to describe the different zonal distribution of floodplain vegetations from the
riverbed to floodplain margins. The formula is as follows:

Pam = Max (Panowviy, Peowiy, Panowi), -

..» Pinnowvy)

where Pyy is the maximum NDVI1 value of pixel,, in images, t is the collecting time of images, and n

is the number of images.

Inundation water persistence time is used to spatialize and map ice jamming in the study area. This
parameter can effectively describe the spatial distribution patterns of floodplain hydrology. The

formula is as follows:

Pwp= Z?:o P(WP) = Sum (Pywe) + Paowe) + Paowey + +-+ Paow)

where Pyp is the total water persistence days of each pixel in the images, and n is the number of days.

2.3.2. Landsat images processing. In this study, we considering the same water level in each year on
images between 2010-2015(total 72 scenes), choice different series of Landsat satellite images,
separately TM4-5 and OLI 8 (Image Path/Row:129/032). All images were downloaded from United
States Geological Survey Institution [15]. Pre-processing included layer stacking, clipping and

mosaicking.

The Land Surface Water Index (LSWI) was used to differentiate between dry and wet regions. The
formula for the LSWI is as follows:

LSWI = (NIR — SWIRL) / (NIR + SWRI1)

where SWIR1is the reflectance value of the Landsat band 5 (1550-1750 nm, shortwave infrared,
(OLI8-band 6)) and NIR is the Landsat band 4 (760— 900 nm, NIR, (OLI8-band 5)).
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Figure 2. Flow chart of lateral zonal distributions in study area.
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We combined elevation model and winter water inundation area from Landsat OLI summer
(2015.1.20) and winter images (2015.1.20) along the embankment road divided entire study area into
two parts: old floodplain area and newly formed floodplain area. Then based on the frequency of water
persistence time statistics from daily MODIS-NDVI time series in 2015, the newly formed floodplain
area was divided into continuously water inundation area, frequency water inundation area and regular
static inundation area. At last, all study reach was divided into four lateral functional zones (figure 2),
including: continuously water inundation zone (zonel), water frequency inundation zone (zone 2),
regularly static floodplain zone (zone 3) and old floodplain zone (zone 4). Each indicator that
mentioned in this paper statistics based on the above four regions (figure 3). Calculation methods as
follows:

/ MODIS-NDVI tune series / / Landsat(TA4-5&0LI 8) /

l I

NDVI( 2010- NDVI{ 2010-2015{1
2015(1Jan.To 1 Apr. To 1 Nov. each Floodplam area LSWI
Dec. each year) / year)
Y Y Y Y
Water mundation frequency Vegetation dynamics Sediment erosion and deposition Soil mosture dynamics
\ 2R 2 v v v v v v v L1 v v v L] v
5

2 g ||al]a
& 0 ) 1 &

® g v % - 1 - (=] a = e

g s || E||=]|]¢ s = b 5 i g 2 <ol 1o
= 2 s & & 5 3 = = = = ? S S @
g Il ] 2 - - -] 8 2 3 8 @ b v ” “
£ ° = ® B @ o Ae 2 s a ] 2 3 8 g
] < & = 2 s - = 2 g 3 g B 2 7 B
= 2 e g = s = a = N e 5 H ) L R
gl s || 2 sl[8]|]|a 2 || = & A z 5 B elle|le
& =2 p 9 = = = & 2 8 z = = = 5 &
21l B || 2 £ |4 e %[ & g g Z z o I
:‘f E § ] &S = & o - =1 a =4 = | =
z 3 E £ o

= ~ 3 (]

= ~

w

Figure 3. Simplified presentation of the work flow for conceptual model.

Maximum value calculation model in the ENVI software was used to acquired pixel-based peak
NDVI images from daily MODIS-NDVI time series from 2010 to 2015(from1 Apr. to 1 Nov. in each
year). And characterized different vegetation productivity in floodplain (figure 4A). Water persistence
time was calculated through daily NDVI images from 2010 to 2015 (from1 Jan. to 1 Dec. each year).
At first, pixel-based daily water areas were extracted, then acquired to a floodplain water inundation
persistence time map (figure 4C). Floodplain geomorphologic dynamics and moisture distribution
patterns were acquired to Landsat images from 2010 to 2015. Frist, floodplain area was extracted in
each year, then joined attributes of data in all study years and at last year by year comparison were
conducted and acquired erosion and deposition area and moisture value in each year (figures 4B &
4D).
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Figure 4. Zonal distribution patterns of the peak NDVI
value (A), the sediment dynamics (B), the water
persistence time (C) and the soil moisture distribution
patterns (D) of the study area from 2010 to 2015. E is the
different  functional zones based on the
hydrogeomorphological dynamics of study area.

3. Results

Water persistence times has significant zonal distribution characteristics, and the average water
inundation persistence time of zones gradually decreases from the riverbed to edge of the floodplains.
In the old floodplain zones, the persistence time of water inundation approximately 0 days. Inundation
areas in the riverbed have a longest persistence time compared to other zones, and the persistence time
larger than 908 days. Water inundation time of the newly formed static zone that located between the
highest inundation frequency area and extremely rare inundation area, were ranging from 1 to 907
days.

Floodplain erosions in the highly frequency inundation area (zone 2) was approximately equal to
the floodplain depositions. In the continuously inundation area (zone 1), floodplain erosions
significantly higher than its depositions, in contrast, in newly formed static area, floodplain
depositions higher than its erosions (zone 3), there are no significant changes in the extremely rare
inundation zone in study periods (zone 4).

Highest soil moisture value occurred in continuously inundation zone that value between 0.9 -1.
Soil moisture value from 0.6 to 0.9 mainly distributed in frequency inundation zone, in newly formed
static area has moderate soil moisture compare to other zones, moisture value between 0.4 to 0. The
moisture ability in old floodplain controlled by primary physical aspects and has lowest moisture
values than other zones in study period.

The spatial distribution of the peak NDVI values in each different functional zone appeared to
significant spatial distribution patterns. The peak NDV1 values less than 0.2 were mainly distributed in
the continuously and frequently inundation area (zone 1 and zone 2) whereas the highest peak NDVI
values, which was greater than 0.4 emerged in the newly formed static floodplain area (zone 3). Peak
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NDVI1 values in the old floodplain area (zone 4) were between 0.3 and 0.4, and this region presents an
obvious border with the zone 3 that contains the highest peak NDVI values throughout the study reach
(Fig.4A).

Strong lateral disturbances are attributable to frequency of inundation, associated flow velocities
and surface shear stresses, and the mobilization, transport and deposition of sediments. These lateral
disturbances change continually through time as river discharge varies and water spreads from the
river channel into the river corridor. As a result, a lateral gradient in plant species and vigour should be
expected at the reach scale, which vary laterally from riverbed to margin areas of floodplain areas.
Regular water inundation static floodplain zone has been a good vegetation vigour and biomass. Water
inundation times of the frequency inundation zone and extremely rare water inundation zone indicates
that water inundation frequency too fast or too slow also disadvantage to vegetation growth and
biomass, shows that vegetation growth and biomass were mainly controlled by the floodplain hydro-
geomorphology. As a result lead to different interactions between the vegetation and hydro-
geomorphological dynamics in different functional zones.

4. Conclusion

Interaction between the floodplain vegetation and hydro-geomorphology is very essential for river
ecosystem management in arid regions. In this study, we used pixel-based remote sensing time series,
spatialized the floodplain water inundation frequency, vegetation productivity, soil moisture ability
and sediment erosion and deposition conditions from 2010-2015. And through the different
distribution patterns of each factors from river bed to the margins of floodplains, analyzed various
interactions patterns between vegetation and hydro-geomorphology in different functional lateral
zones. Results indicates that different hydro-geomorphological process dominate in floodplains,
therefore plants and hydro-geomorphological process interact in different ways from river to
floodplain margins. This study can help to better management of river ecosystems in high- latitude
arid region floodplains.
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