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A Geo-morphological Monitoring Method for Analyzing Riverine Shifting Habitat Mosaic
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Synopsis

Some recent studies highlighted dynamic nature of spatiotemporal patterns of riverine
habitats. Existing habitat evaluation tools, however, lack this perspective. In order to
analyze spatiotemporal patters that support biological diversity, we conducted a case
study in a middle reach of the Tenryu River. Firstly, a set of interval-recording-cameras
have been installed to monitor spatiotemporal changes caused by various flood events
with different intensity and frequency. Secondly, we measured riverbed softness of
habitat units, of which riffles are of particular importance for Ayu fish (Plecoglossus
altivelis altivelis) as a spawning redd. Finally, we developed a monitoring method to
analyze changing patterns of riverbed and riverine shifting habitat mosaic using a
photogrametoric method. Habitat data recorded via several interval-recording-cameras
were transformed into ortho data, and showed the effectiveness to analyze and quantify
the spatiotemporal patterns.
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Fig. 1 Riverine habitat structure (7 F4EE5L, 2007)
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“An aetigl photo taign in 2013.12
(BEIRH SRR EEEHA)
(aih‘Tl‘le stuc>lym51te selected is located at 16.3km from the
river mouth, which is a downstream reach of the Funagira
dam (located the most downstream at 30 km). Several
interval-recording-cameras have been installed to monitor
spatiotemporal patterns of riverine habitat at upstream

and downstream reaches of the study site.

(b) Interval-recording-cameras were located in a middle
of the river channel, approximately 60 m high from the
riverbed. These cameras have been equipped with solar
panels, enabling data accumulation of a longer period.
Fig. 2 A camera monitoring location at the Tenryu River.
Interval recording of camera photo data has started since
8 August 2012 to date. Photos were also taken on 17 May
2012 as a field test of the interval recording prior to its
implementation, and therefore were used in this article to

analyze spatiotemporal patterns of riverine habitat.
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(a) A view of an upstream reach from the camera site
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(b) A view of a downstream reach from the camera site
Fig. 3 Views of interval recording photo data by camera
monitoring. Habitat units of upstream and
downstream reaches were identified. At the
beginning of this camera photo monitoring, in total
3 riffles, 7 back waters, 6 side pools were identified.
Spatiotemporal patterns of these habitat units
identified were monitored via these cameras set.

Hourly water stage and flow discharge at Kashima in the Tenryu river
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Fig. 4 Survey on riverbed softness by “shino”. As
shown in the fig.4 up, shino was used to measure
riverbed softness by sticking it with certain weights
into riverbed and measuring the depth of being
stuck. A matrix was organized at each habitat unit,
in which grids were locations of depth measured.
Depths measured five times at each grid were

averaged and adopted as the riverbed softness.
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Fig. 5 Hydrograph on hourly water stage and discharge at Kashima
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Fig.6 Geo-morphological change before and after events of middle size floods occurred on 20 June and 13 July 2012.
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Fig. 7 Flow direction and characteristics of geo-morphological change at the upstream reach in a small size flood event
occurred on 23 October 2012.
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Fig. 8 Flow direction and characteristics of geo-morphological change at the downstream reach in a small size flood

event occurred on 23 October 2012.
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(a) Distribution of
riverbed softness in L -#E-1
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upstream.
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Fig.9 Distribution of riverbed softness in each habitat unit. Surveys were conducted three times in September, October,

and November 2012. Numbers shown in the Fig. 9 represent the softness. Longer bars correspond to larger numbers,

meaning that the riverbed is soft and vice versa. Data obtained in each grid of a matrix developed for each habitat unit

were averaged. In the case of riffles, data were categorized by an upstream, middle, and downstream reach, prior to

being averaged.
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Fig. 10 Erosion and deposition processes occurred due to
a small size flood event. A riffle head gets coarse since
smaller particles are eroded and washed away. A riffle
tail on the other hand gets soft due to deposition occurred
by the riffle head erosion. Small scale geo-morphological
change due to a small scale flood determines

characteristics of micro habitat in a riffle.
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BHIZ, Kg)I113km~ 19km[X [ % % G W PR it A
ATV, F 725 Pk BT X B R #E o ZE L o6
mZEE L2, AFICTIX, CCHE2DE WD 2 v
v R CRSE Sz il ZRoe IR @A R Y 7
&AW THEZTT- 7 (e.g., Wu, 2004 & 2007). Ft
A v Y2 &ERT 5CCHE-MESHIZ V' T 7 4 H v
Z—PAf H T z—Z (GUDREL, KT —4%D
WIFHEREN EFE L T\ 5. E£7CCHE2DIZ, ARE
FIEIT L > THEBIL 2TV EHE T 2720, FHELE
PERE S PLHPER BV E W S BB & 5.
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@, =0. 0053|:[—] —b—l:|
n Tck

P = Dt /[pkaSgd;J

#3 (Wu, Wang and Jia D)
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n'=dg, /20 (10)
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51, six R FDHE, dplZ3Z#B I8 1T 5 50% R £
Thb.
(e) FRAE & A WIS 1D
(,Ds _p)gdk Pk
N d,
— J
L _Zpb/dk+dj
N
d
P =2 Py
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Deposition Erosion
Az, A K| Az,
= n+1 '
Mixing K| P P /4
Layer “m P Dy
Second i n
layer Do P Pk P:z:;cl

t AL t AL

Fig. 11 Concept of mixing layers

Table 1 Conditions of a 2D bed variation simulation

model.
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WERD @I R CTd 5. RLAEREED LRI DILFEIE Ewg,
[m/s]Td 5.
(h) JLREEE (ZhangD )
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Fig.12 Results of the 2D bed variation simulation model.
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22T, padEI gD —2>TFDH2/E (Second
Layer) WNIZHE T DRBRBAOEERTHD.

Q) FHEHER

52 3K, 6,000m* /s RIRBE (1/2.54EHE
SRIRFE) , 2,000m’/sD PR (1/1AERESRFRFE) , 800m’/s
O/INEBL (S5/VFEMEREE) O3 2OBETHSD. K
ALK CILui i 2 B3 2 L O RIS R T %
7= (Fig.12 (a)) . ZHUC XV, DENEZenolz & Z
AIH TN ER SN EEZEZBND.

HEAL K T b IR 2 BT 9~ 5 X 5 2 O HERIHR
I+ H ALY (Fig.12 (b)) , HEFEDHUL DS /NS o T
AU A= VEBEOWEND b, 6~TH OH
KIZE->THOEFH N E TR, SHEFHATLE
NP FETEZL VX 5.

INRRBHOK T, EICHERE - RBEIEZZ L0
O, MERESLSBILEEDZ LidhnZ &b
S, ZHICEY, BHMFREORKRE L GETEET
5 &, NEBHOKERNCIE, ST RN TH D
LEZOND.

4. FIERMBE=2V) DT FEORK

1R ] [ B C KBS 0> B0 B OF T it 0D 9] PR 22 ) g R
R LT, WIAERERIL, KwXOBHEHT
AL SIS, TRIRE, O, U RRIED
FoMIERY (DEF) OLBEE (R - 22
M7 —2) 2BIRET2720120%, FIAERS
OR e (ERPRFLERS) 2 EBMICERET 5 2
ERME LD, EOYD, THE TOREEE A
BT, EHEIENT BT & F O T AR B3 0 A B g T
EERMICIERT 2200 KMEE=% 1) 7 F
HEEBE LT,

KRHE SR RE: ARLR)

BIERRE IR ESN - FEEZRRXY
BEN-EEEICHKESN - TFEEZRRXY
Fig.13 An conceptual image of transforming recorded

photo data into the ortho data.

B FRAT A OJRBRIC 2T, HIESR S (TR
) \TRRE ST EERXY &, BENTER
T BE S U7z W AR Sfexy & OIS, 2(17) 23 BT
4% (Fig.13) .

¥ bx+b,y+b,

b,x+byy+1 (17)
Y- byx+bsy+b

b, x+byy+1

x;by +yb, +b; —x,X,b, -y, X ,by = X,
x.b, +y.bs +b; —x,Yb, -y Y.b =Y,

(18)

X (17) 1%, WESREAKFER TR TH (B
EEHCOMETS) , FEBR ThiILEmLT 5. K
(18) D82 DRMLEED, ~bslE, 4mLL EDOIETE R D
HEME O (X;, Y5 x5, ) (i=1,2+n: n>=4) 12X LT,
KX (17) ZERL THREFRRICEHRT L LT

BN CRIECLVEKRDBZ LN TE S,

Table 2 Accuracy of the photo transformation into the ortho data. The target posts referred to as “[]” in the No. column

in this table were used for transforming photo data to the ortho data through the photogrammetric method.

Coordinate values measured by RTK-GPS 2D modeling results, ortho data values Accuracy compared with
No measured values
X longitude (m) Y Latitude (m) X longitude (m) Y Latitude (m) AX(m) AY(m)

11 0O -133592.083 -61785.077 -133592.083 -61785.077 — —

12 O -133380.497 -61788.585 -133380.497 -61788.585 - -
13 -133300.363 -61887.546 -133301.500 -61888.300 -1.137 -0.754
14 -133153.745 -61975.745 -133155.400 -61974.400 -1.655 1.345

15 O -133149.182 -62037.259 -133149.182 -62037.259 - -

16 O -133505.510 -61900.398 -133505.510 -61900.398 - -
17 -133477.368 -61936.546 -133478.500 -61937.900 -1.132 -1.354
18 -133409.339 -61909.945 -133408.100 -61908.900 1.239 1.045
Average (absolute value) 1.291 1.124
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A view taken from the tower on A target post:
15 Oct. 2012, 11:00, upstream Coordinate values were measured at
the center of a post set.

Fig. 14 Data transformed into the ortho data through the Fig. 15 Results of the 2D modeling based on
photogrammetric method. “Oin the fig. refers to a location photos taken on 15 October 2012. The target posts
where target posts having coordinate values have been set. 2D referred to as “[]” in the fig. were used for

ortho data were developed based on No. 11, 12, 15, and 16, transforming photo data to the ortho data through
referred to as “[]” in the fig., using a photogrametric method. the photogrammetric method.

2012.5.17 Camera Monitoring (ortho dada)  2012.9.12 Camera Monitoring (ortho dada)

/

2011.12 Aerial photo (ortho data)

An old
channel
~ Deposited
Further
deposited deposition
3,610 m3/s (20 June) A side pool

690 m3/s (3 April) 2,260 m3/s (13 July) N newly created

“ 420 /s (14 Aug.)

!
2012.10.15 Camera Monitoring (ortho dada)  2012.12.10 Camera Monitoring (ortho dada)

A riffle newly created

Small changes of a back
water and side pool
integrated

0

800 m3/s (1 Oct.)

D

490m3/s (23 Oct.)
520m3/s (26 Nov.)

An existing riffle widened

Fig.16 A set of ortho data transformed from the photo data by the photogrammetric method. White lines in the photo
data dated 17 May 2013 depict water and terrestrial boundaries as of 12 November 2011. Light yellow lines in the photo
data dated 12 September 2012 depict water and terrestrial boundaries as of 17 May 2012. This monitoring method in
combination with photogrammetric method with the accuracy of approximately 1.0 m showed that it enables to obtain

quantitative data and analyze spatiotemporal patterns of riverine habitat.
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