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Es�ma�ons of the soil surface water contents and distribu�ons play a key role in the ecological, environmental,
and topographical inves�ga�ons for inter�dal mudflats. However, exis�ng techniques have limita�ons. Long-range
terrestrial laser scanners (TLSs) can record the co-located intensity value which refers to a measure of the
backsca�ered laser from each scanned point. Most long-range TLSs emit near-infrared lasers that can be strongly
absorbed by water. Thus, the intensity values can be used as proxies for water contents. In this study, the intensity
data of long-range TLSs are corrected for the incidence angle and distance effects to quan�ta�vely es�mate the soil
surface water contents of inter�dal mudflats. A case study for a mudflat in Chongming Island, Shanghai, China, is
conducted. Results indicate that compared with tradi�onal techniques, the corrected intensity data of long-range TLSs
are extremely effec�ve data sources for a quick, accurate, and detailed es�ma�on of water contents for large-area
mudflats. The es�ma�on root mean square error is approximately 3%. Furthermore, the 3D distribu�ons of the water
contents can be accurately mapped by combining the point cloud of the mudflats to poten�ally analyze the intrinsic
associa�on among water contents and topography, vegeta�on coverage, and habita�on of creatures in mudflats.
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Study area and Instruments

(B) Mudflat point cloud collec�on by Riegl VZ-4000. (C) Trimble R8 GPS RTK base sta�on. The base sta�on was
posi�oned nearby Riegl VZ-4000. (D) Samples collec�on. The posi�ons of the samples were measured by the RTK.
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Intensity Correction

Estimation of Polynomial Parameters

Equa�on(4) was used to correct the incidence angle 
and distance effect of intensity data. The above 
methods were used in Tan et al.
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Estimation of Water Contents Using Corrected Intensity Data
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(A) Loca�on of the study 
mudflat. The orthophoto of 
the mudflat was provided 
by Google Earth. Riegl VZ-
4000 TLS and Trimble R8 
RTK reference sta�on were 
posi�oned at the blue and 
green points, respec�vely. 
The north corner of the 
mudflat (yellow do�ed 
frame) cannot be scanned 
by the TLS.

(A) Four different homogeneous targets. 
(B) A cement road. 
(C) One of the plas�c targets used to 
match the data acquired by Riegl VZ-4000 
and Trimble R8 GNSS RTK. 
(D) Calcula�on of the corrected intensity 
values for the field samples. 
(E) Riegl VZ-4000 used to scan the new 
sample in indoor environments.

(F) Sediment sample, the distance from scanner was about 10 m.
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(A) Experimental results between the incidence angle and original intensity of 
the four reference targets. (B) Final corrected data by the improved method

(C) Polynomial parameters and standard devia�ons.

(A) Point cloud of the study mudflat colored by 
original intensity(le� figure); Point cloud colored 
by eleva�on(right figure); Histogram of the 
original intensity data and the 
eleva�on(following figure).
(B) Point cloud of the study mudflat colored by 
corrected intensity data(le� figure); Point cloud 
colored by water content(right figure); Histogram 
of the corrected intensity data and the water 
contents(following figure).

(C) Water content 12%-25%(low), 25%-40%(middle),
40%-65%(high) es�mated by corrected intensity data,
and water contents segmented into 10 sec�ons.

(D) Local low-lying areas with high water contents. 
Le�: RGB images taken on site; right: Es�mated 
water contents.
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Estimation of Mudflat Water Contents Using Corrected Intensity Data

Error Calculation
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Conclusions
1. Incidence angle and distance significantly
affect the intensity data of long-range TLSs.
2. The rela�onship between water contents
and corrected intensity data can be modelled
by an exponen�al model where the  

3. Regions with high level water contents lie
at the edges between mudflat and sea water,
local low-lying areas, shores of ditches, and
edges between the vegeta�on and mudflat.
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RMSE is approximately 3%.


