
Moisture Budgets in U.S. 

Landfalling Tropical 

Cyclones & Implications for 

Rainfall

Stephanie E. Zick and Corene J. Matyas

ICMCS -X 2014, Boulder, CO CAREER Award

BCS-1053864



Å TCs vary considerably in size (Merrill 1984) and shape

Å r = 0.28 for storm size vs. intensity

Å differences generally attributed to synoptic environment

Figure: Hill and Lackmann (2009) Fig. 1

Motivation



Å TCs vary considerably in size (Merrill 1984) and shape

Å Large-scale moisture influences:

outer rainband activity and inner core TC structure 
(Kimball 2006, Hill and Lackman 2009, Matyas and Cartaya 2009)

Motivation

Figure: Ying and Zhang (2012) 
Fig 7. Schematic diagram showing 

TC wind field changes under varying 

moisture perturbations. 



How does the TC moisture budget 

evolve in the period around landfall?

Research Question



TCs in NARR

(manuscript in submission)

Limitations due to 

regional spatial 

coverage of NARR

NARR outperforms 

CFSR positions 

across the majority of 

the Gulf and Atlantic 

coastlines

NARR Position Errors in 1998-2012 Landfalling TCs, 

averaged over 2.5°x2.5° lat-lon grid boxes.

North American Regional Reanalysis 

(NARR) 



Source: Jiang et al. (2008)

Å Moisture convergence accounts for the majority of the TC 

moisture budget.  (Malkus and Riehl 1960,  Braun 2006, Trenberth et al. 2007)

Å Moisture convergence is correlated with TC precipitation over 

land and ocean. (Jiang et al. 2008)

Moisture Budgets



1. Search over 600 km radius from TC center.

2. Use (2 mm) threshold to ID shapes. Convert to binary.

3. Find centroid & convex hull for each object (>10pix).

Shape Metrics

r
search

= 600km

NARR Moisture Convergence Binary Moisture Convergence > 2mm



Quantify spatial features using digital topology (image analysis)

Selected refs: MacEachrin (1985), Loncaric (1998), Matyas (2008), Aghakouchak (2011)

Shape Metrics

Roundness (R)

- area:perimeter ratio

Cohesiveness (C)

- related to 

connectivity
(Aghakouchak 2011)

Dispersiveness (D)

- distribution of mass

Ą uses only largest cluster

*size factor

solidity connectivity NC= # clusters 

weighting òwobbleó

r
centr



Results 

Katrina ô05

Landfall #1 (FL) Landfall #2 (LA)

Moisture Convergence (>2mm) Shape Parameters for r=600km

ET

Dashed:

6-hr 

running 

mean


