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Downscaling ADCIRC water elevations, Tull 2018



Objectives

To achieve the goal of improving the accuracy and applicability of 

real-time storm surge downscaling methods:

1. Evaluate the accuracy of the existing static downscaling method

2. Increase the applicability of the downscaling code

3. Develop and evaluate a method that downscales water levels 

using the water surface slope

4. Develop and evaluate a downscaling method that includes head 

losses due to land cover
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4
Maximum water levels for Hurricane Florence, 
advisory 54 – visualized on the CERA website
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Static Method
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Legend

ADCIRC (NC9 mesh)

Downscaled using 
static method

ADCIRC (NC9) results vs. downscaled results using 
the static method for Hurricane Florence (2018).



Slopes Method
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ζ𝑠𝑙𝑜𝑝𝑒𝑠 = ζ𝑠𝑡𝑎𝑡𝑖𝑐 ± 𝑐 𝑚𝑥Δ𝑥 ± 𝑐(𝑚𝑦Δ𝑦)
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Head Loss Using Manning’s Equation

• Manning’s Equation:

𝑈 =
𝑘

𝑛
𝑅2/3𝑆1/2

• S = slope of energy grade line ≈ ℎ𝐿/𝐿

• Head loss:

ℎ𝐿 = 𝐿
𝑛 ∗ 𝑈

𝑘 ∗ 𝑅2/3

2
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Liu et al. [2018] and Kalyanapu et al. [2009]



Head Loss Method

Pre-Forecasting

• Before receiving input from 

ADCIRC

• Computation time is not

important

• Goal: Create energy cost 

surface to use in forecasting

• Have: DEM, Manning’s n

Forecasting

• After receiving input from 
ADCIRC

• Computation time is important

• Goal: Downscale ADCIRC 
results and distribute to 
emergency managers

• Have: Cost surface, ADCIRC 
water elevations

12



Pre-Forecasting r.walk Steps

• Paths are entrained using the r.walk GRASS module

• Least energy cost from MSL to each endpoint using:

𝑐𝑜𝑠𝑡𝑡𝑜𝑡𝑎𝑙 = Δ𝑧 +𝐿
𝑛𝑈

𝑘𝑅2/3

2

• Synthetic value URconst used in pre-forecasting; equal to U/R2/3
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MSL (yellow, cost=0) 

and r.walk endpoints

Unit Head Loss (ft hL/ft distance/cell)

Final cost surface; least cost of traveling from MSL to any raster cell



Head Loss Method

Pre-Forecasting

• Before receiving input from 

ADCIRC

• Computation time is not

important

• Goal: Create energy cost 

surface to use in forecasting

• Have: DEM, Manning’s n

Forecasting

• After receiving input from 
ADCIRC

• Computation time is important

• Goal: Downscale ADCIRC 
results and distribute to 
emergency managers

• Have: Cost surface, ADCIRC 
water elevations
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Forecasting with Head Loss

• Use ADCIRC water elevations to calculate Ravg

𝑅𝑎𝑣𝑔 =
1

2
𝜁𝐴𝐷𝐶𝐼𝑅𝐶 − 𝑧𝐷𝐸𝑀 𝑜𝑣𝑒𝑟𝑙𝑎𝑛𝑑 + 𝜁𝐴𝐷𝐶𝐼𝑅𝐶 − 𝑧𝐷𝐸𝑀 𝑀𝑆𝐿

• No-flow condition exists in ADCIRC at wet/dry boundary; 

velocities at this divide cannot be used for extrapolation

• A constant value is used for U; for simplicity, this research uses 

U=1
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Cost raster and ADCIRC water levels ADCIRC water levels, extrapolated

Ravg
Downscaled water levels
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Evaluation Using High Resolution 

ADCIRC Mesh

• High resolution ADCIRC mesh was used as “truth”

• Developed using the NC9 mesh, which is input for downscaling

• Completely identical, except high resolution mesh vertices align 

with each cell in the DEM raster for Carteret County, NC
– NC9 mesh: 622,946 vertices, 1,230,430 elements

– High resolution mesh: 6,772,170 vertices, 13,528,879 elements

• Both models were run for Hurricane Florence (2018)

• Each model uses the same exact input parameters
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High Resolution Mesh NC9 Mesh
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Legend

ADCIRC (NC9)

ADCIRC (high 
resolution)

Head loss 
method

Static method
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Mesh Downscaling 

Method

Flooded (acres) Flooded, 

outside NC9

(acres)

Over-estimation, 

outside NC9

(acres)

Under-estimation,

outside NC9 

(acres)

NC9 --- 157,314 --- --- ---

NC9 Static 174,203 23,324 13,989 79

NC9 Slopes 175,358 24,006 14,655 62

NC9 Head Loss 162,579 11,729 5,573 3,258

High Resolution --- 126,593 9,414 --- ---



Conclusions

1. The static method over-predicts water level extents

2. The slopes method did not improve the downscaling simulations

3. The head loss method performed best and allows for the most 

flexibility
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Kalpana

• Originally designed as a Python 

code for visualizing ADCIRC 

output in GIS

• Kalpana has now been integrated 

with the static method

• Can now visualize and downscale 

ADCIRC results in Kalpana
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Maximum water elevations, visualized as 
an ESRI shapefile using Kalpana
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github.com/ccht-ncsu/Kalpana
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ccht.ccee.ncsu.edu/kalpana
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Thank You. 

Questions?


