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SUPATTRA PUTTINAOVARAT : DESIGN AND DEVELOPMENT OF
A WATER FLOW DIRECTION ANALYSIS METHOD FOR FLOOD

SIMULATION : ASST. PROF. PARAMATE HORKAEW, Ph.D., 213 PP.

FLOW DIRECTION ANALYSIS/FLOOD SIMULATION/WATER BODY

CLASSIFICATION

Flow direction analysis is important for natural disaster simulations.
Especially, predicting flood events, planning efficient management and then devising
preventive measure are all dependent on accurate and reliable hydrological flow field.
Nowadays, flow direction analysis had been widely applied in many relevant
applications, including studies of erosion and landslide. Existing methods primarily
rely on extracting this information from remotely sensed or digital geographical data.
To date, they are yet unable to provide consistent and realistic flow field. The state of
the art technology, for instance, automatically characterizes drainage and delineates
watershed based on stream-burning, exploiting elevations available in DEM data.
For lowlands unfortunately, the derived flows are impractical, since their terrain
contain insufficient slope to differentiate stream directions. Moreover, boundary
constraints, i.e., water bodies and surfaces, have to be manually digitized by expert
observers, by using an off the shelf GIS software. Nonetheless, even with the flow
fields reconstructed, the realistic simulation is not readily available as there remain
several other causative yet latent factors.

This research therefore designs and develops a novel paradigm based on data
fusion in deriving flood determinants from thematic geographical layers. Its main
emphasis is placed on the analysis of water flow direction with applications for flood
simulation. The procedure consists of 3 parts: (1) The extraction of water bodies from

remotely sensed data, (2) The flow direction analysis, and (3) Flood simulations based



on fusing influential factors.

Specifically, water body was robustly extracted from a satellite image by
classifying its Normalized Difference Water Index: NDWI2 and Modified Normalized
Difference Water Index: MNDWI by Support Vector Machine: SVM. The remaining
spurious structures and isolate irrelevances were further removed by gathering
contextual information. Incorporating Digital Surface Model: DSM as a means of
enhancing intrinsic geographical resolution was also proposed. With extracted water
bodies serving as the boundary conditions, a vector field describing water flow
direction was then derived by using Gradient Vector Flow: GVF. On validating the
resultant flow against ground references, the assessments revealed that it could extract
water body from studied areas with 95.91% of precision, 97.53% of recall, 99.93% of
accuracy and 94.11% of F-measure for branching river extraction. The correlations
between resultant flows and those obtained from the conventional stream-burning was
as high as 0.91. Finally, this study simulated flood using openLISEM modeling (using
rainfall, land-use, soil and water blockage) with various flow direction analysis
methods (original method, stream burning method and the proposed method).
Experimental results suggested that the proposed method is promisingly efficient and
reliable. Particularly, compared with the floods actually happened in Pathumthani
province, it was further revealed that the proposed method could realistically
simulated flood with the greatest accuracies, i.e., 63.33%, 77.86% and 65.87%
compared to the actual episodes in 2011, 2010 and 2006, respectively.
The improvement was not marginal but an increase of approximately 6—11%accuracy

over the original methods.
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PV — (v — f)(f2 + f = 0) (2.11)
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Sli,j] = Gli,j, o] * I[i,]] (2.12)
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Qli,j] ~ (S[i,j] —S[E+1,j] +S[H,j+ 1] —S[i+1,j+1])/2 (2.14)
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Method Accuracy | Recall | Precision | F-measure

Original Method 52.29 8.94 59.42 15.54
Stream Burning (Main) 63.28 60.03 63.28 61.61
Stream Burning (Main & Branch) 63.02 69.44 60.8 64.84
Our Method (Main) 63.33 59.91 63.38 61.6

Our Method (Main & Branch) 63.05 76.18 56.69 66.94
Our Method & Increment 62.84 74.14 59.8 66.2

Our Method & Decrement 62.92 74.25 59.86 66.28
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Method TP TN FP FN
Original Method 6501 70950 4440 66202
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Our Method (Main) 43555 50227 25163 29148
Our Method (Main & Branch) 55387 37990 37400 17316
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