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That’s me!



Significance

In the American West, less than 5% of native riparian habitat remains (Krueper 1995).
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Manning’s Equation
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𝑸𝑸 =
𝟏𝟏.𝟒𝟒𝟒𝟒
𝒏𝒏

 ∗ 𝑨𝑨 ∗  𝑹𝑹 �𝟐𝟐 𝟑𝟑  ∗  𝑺𝑺 �𝟏𝟏 𝟐𝟐

Manning’s 
coefficient



Look-up Table (Chow 1959)
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Problem

Traditional methods for estimating hydraulic resistance due to vegetation are 
qualitative and inconsistent (Fischenich 1997).
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Research Question

How can we improve estimates of hydraulic resistance due to vegetation?
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“Ecohydraulic” Parameters (Nikora et al. 2008)
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1. Blockage Ratio
2. Relative Submergence



Vegetation Patch
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Nikora et al. 2008



Blockage Ratio

4/19/2024     Connor Rudmann @ CSU-WATER Airborne LiDAR System for Urban Stream Management 12

2𝐷𝐷 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐴𝐴
𝐴𝐴𝑝𝑝

   / 3𝐷𝐷 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 𝑉𝑉
𝑉𝑉𝑝𝑝

 

Where…

A = river cross-section area,

Ap = cross-sectional area of vegetation patch,

V = river reach volume, and 

Vp = volume of vegetation patch in reach



Relative Submergence
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𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
𝑊𝑊 × 𝐻𝐻
𝑊𝑊𝑐𝑐 × ℎ𝑐𝑐

Where…

W = mean flow width,

H = mean flow depth,

Wc = mean width of vegetation patches in a cross section, and 

hc = patch-averaged height of the vegetation canopy



Research Goal
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Develop a remote sensing tool to measure ecohydraulic parameters.



LiDAR (Light Detection and Ranging)
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Western Sycamore



Approach
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1. Develop airborne LiDAR system (Del Savio et al. 2022)
2. Scan 15m x 15m study plots (Fehérváry et al. 2020)
3. Extract ecohydraulic parameters (Nikora et al. 2008) 
4. Generate Manning’s roughness “heat map” (Green 2005) 

(in-progress) 



UAS (Unmanned Aerial System)
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Drone (DJI Matrice 600 Pro)
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MAX PAYLOAD: 6 kg

FLIGHT TIME: 30 minutes (hover)

MAX SPEED: 8 m/s (no wind)

GPS/IMU Precision:
±0.5 m (vertical), ±1.5 m (horizontal)



LiDAR Sensor (VLP-16)
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FIELD OF VIEW: 30° (vertical), 
360° (horizontal)

RANGE: 100 m

DATA DENSITY: ~300,000 points/s

Accuracy: : +/- 3 cm



Microcomputer / Data Logger (“FlyPi”)
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Raspberry Pi 4

5V Battery Pack



Field Computer (“PortaPi”)
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Test Flights
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Results: LiDAR “Frames”
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Challenges:
Debugging
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Challenges:
Georeferencing
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Del Savio et al. 2022



Next Steps (short-term)
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- Scan additional study plots at the L.A. River
- Work with LiDAR manufacturer to integrate drone GPS/IMU data



Next Steps (long-term)

4/19/2024     Connor Rudmann @ CSU-WATER Airborne LiDAR System for Urban Stream Management 27

- Scan additional study plots at the L.A. River
- Work with LiDAR manufacturer to integrate GPS/IMU data
- Generate composite point clouds of study plots
- Develop ecohydraulic parameter extraction workflow



Research Goal
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Develop better tools for river restoration and management.



Thank you!
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Black Willow
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