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REU for Weather and Climate 
 

- Director: Dr. Solomon Bililign (bililignsol@gmail.com) 

- Faculty Advisors: Drs. Yuh-Lang Lin, Liping Liu, Ademe Mekonnen, Yevgenii 

Rastigejev, Jing Zhang 

- Graduate Mentors: Galen Smith, Justin Riley, Jose Garcia, Gian Villamil-Otero, Nitza 

Santiago, Gokhan Sever 

There are two parts involved in this part of the proposal.  

(A) Research projects 

1. Hurricane research (Drs. Lin, Rastigejev, Liu, Mekonnen) 

a. African Easterly Waves 

b. Effects of Ocean Spray, SST, and Orography on TC Intensity 

c. Rapid Intensification of Hurricanes 

d. Orographic Effects on Tropical Cyclone Tracks and Precipitation  

2. Severe Local Storm research (Dr. Liu, Lin) 

a. Recent Tornado Outbreaks 

b. Data Assimilation for Severe Storm Initiation 

c. Effects of aerosols on tornado genesis 

d. Orographic Effects on Tornado Outbreaks 

e. Hurricane-Induced Tornado Outbreaks  

f. Effects of Climate Change on Severe Local Storms 

3. Tropical Meteorology and Climatology research (Dr. Mekonnen) 

4. Arctic and Polar Meteorology (Dr. Zhang)  

 

(B) Hands-on research experience for NCAT and visiting REU students 

1. Shallow water tank modeling 

2. Modeling of airflow over mountains 

3. Modeling of cloud convection 

4. Modeling of hurricanes and hurricane trajectory 

Research Ideas:  Gets hands on experience in numerical modeling and understand the 

atmospheric and fluid dynamics behind the modeled phenomena. 

 

Research Activities on Hurricane and Storm Modeling at NC A&T: 

(1) Mesolab and AMCA webs will lead you to most of the modeling activities you need: 

(a) NOAA ISET Center 

(b) NCAT Real-Time Weather Forecasting System 

(c) Modeling Activities 

(d) Theoretical & Computational Fluid Dynamics (AMCA) 

 

mailto:bililignsol@gmail.com
http://mesolab.ncat.edu/
http://amca.ncat.edu/
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(2) Check with Dr. Zhang (Jingnc@gmail.com) regarding research activities of polar and 

arctic meteorology 

Descriptions of research projects:  

Some examples of detailed descriptions are given below. 

 

Project 1: Educational Module I of Shallow Water Tank Model 

This module will be developed under the currently NSF funded NSF HBCU/RISE Center 

Advanced Multi-scale Computational Algorithms (AMCA) (PIs: Rastigejev, Tang, and 

Lin), according to the following plan:   

(i) One-dimensional Advection Model. 
a) Develop a numerical code for the Burgers Equation that uses higher-order time and 

spatial discretization schemes. 

b) Test the code for different initial and boundary conditions for nonlinear and linear flows. 

c) Document the one-dimensional Advection Model  

(ii) One-dimensional Shallow-Water Tank Model. 
(a) Extend the one-dimensional Advection Model numerical code described above for 

numerical calculation of one-dimensional Shallow-Water Tank Model.  

(b) Test the Shallow-Water Tank Model with different initial and boundary conditions. 

(c) Document the Shallow-Water Tank Model. 

(iii) Two-dimensional Shallow-Water Tank Model 
(a) Extend the one-dimensional Shallow-Water Tank Model to two-dimensional Tank 

Model. 

(b) Test various initial and boundary conditions, and perform calculation for different 

linear/nonlinear flows. 

(c) Extend the plotting subroutines to allow contour plotting of the water surface. 

(d) Document the two-dimensional Tank Model.  

(iv) Two-dimensional Shallow Water Tank Model with bottom topography 
(a) Modify the lower boundary condition of the two-dimensional Tank Model to include the 

bottom topography. 

(b) Test different bottom topographies against the shallow-water theory explained in the 

NWP class. 

(c) Test different numerical schemes explained in the NWP class and in  the course textbook 

(Lin, 2007). 

(d) Add the earth rotation effect (i.e., the Coriolis parameter) to the Shallow Water Tank 

Model and test the effects with large-scale flow. 

(e) Document the two-dimensional Shallow Water Tank Model with bottom topography. 

 

HBCU RISE doctoral student R. Islam who will be taking EES 735 will develop and 

document the “Shallow Water Tank” module. The educational model will allow future 

undergraduate students to learn and master more efficiently numerical techniques used 

for numerical simulations of atmospheric flows.  This module is applicable to both 

atmospheric and oceanic flows. 

 

Project 2 & 3: These two educational modules will be packaged for Windows machines based 

on the idealized modules of the NCAR Advanced Weather Research and Forecast model. 

 

Project 4:  Approximating a Hurricane’s Path and Position Using Simplified Weather Models 
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This module is developed by Guy Oldaker IV, an undergraduate student in the Department of 

Mathematics, advised by Drs. Liu and Lin by applying the idea of that Atlantic hurricanes are 

mainly driven by the Bermuda High under the NASA INSTRUCT project. For example, the 

track of Hurricane Katrina (2005) may be forecasted by this simple model as follows. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The REU students supported by this proposal will be able to gain hands on experiment of this 

model by varying the strength and location of the idealized or real-case high pressure. 

 

Project 5:  Idealized or real-case hurricane modeling will be developed to provide REU students 

hands-on experience on hurricane modeling.  These modules will be constructed based on the 

current modeling simulations using NCAR ARW model. 

 


