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Motivation – The precipitation distribution associated with land-falling tropical cyclones (TCs) remains a 
critical forecast problem. Forecasters have noted the importance of surface boundaries on the 
distribution of precipitation associated with tropical cyclones. The NC State – NWS CSTAR project has 
been investigating the physical processes at work during the interaction of TCs with boundaries. 
 
Purpose - The goal of this document is provide a framework for forecasters to use to during manual 
subjective surface analysis with tropical cyclones. Obviously, efficiently and accurately identifying 
surface boundaries is a critical and foundational part of the forecast process with this forecast problem. 
Experience has shown that subjective analysis facilitates our ability to synthesize data from a variety of 
observational sources allowing us to gain better perspective of actual environmental conditions.   
 
Recommended Practices -  
 
1. Pattern Recognition- start with pattern recognition to identify patterns that support the 

development or maintenance of surface boundaries and to evaluate the level of confidence to 
associate with these features.   Pattern recognition elevates situational awareness. 
 
1.1. Synoptic scale upper-level trough and cold front - If there is a synoptic-scale upper-level 

trough and/or cold front to the west of the TC, the rainfall distribution will tend to shift 
westward toward the boundary. While models typically handle the synoptic-scale fronts well, it 
is important to monitor the movement of the front in the days prior to TC landfall and have a 
good idea where the front ends up just prior to landfall. The frontal zone can be an area for 
enhanced rainfall and flooding threat (Hurricane Floyd 1999 or Tropical Storm Ernesto, for 
example). 
 

1.2. Predecessor Rainfall Events (PREs) - Cote, Bosart, Keyser, and Jurewicz (2008) noted that PREs 
can occur near synoptic-scale boundaries, when moist tropical air is transported well 
downstream of the TC into the vicinity of the boundary.  While not as predictable as the 
synoptic scale fronts, pattern recognition can provide some heads up of this feature.  

 
1.3. Diabatically-induced boundaries, including convective ones.  In addition to synoptic scale 

fronts, look for dying MCS/outflow boundaries from convection a day or two prior to landfall. 
The convection itself is typically difficult to pinpoint beyond 24 hours but convection allowing 
models provide a framework for increased confidence and evolution of these features.  After 
the parent convection has dissipated, these boundaries typically become difficult to locate in 
observations with time, but can still serve as focus for locally enhanced rainfall and SRH. 

 



1.4. Cold Air Damming - In-situ Cold Air Damming (CAD) can have a significant impact on the 
distribution of precipitation with tropical cyclones. The establishment of the in-situ stable layer 
can lead to the development of a low-level boundary along portions of the perimeter of the 
CAD region. Several studies have shown that a surface boundary can focus the heavy 
precipitation in a mesoscale band located along and on the cold side of the surface boundary. 
Banded mesoscale precipitation structures associated with surface boundaries have been 
previously documented with landfalling and/or transitioning tropical cyclones (Atallah and 
Bosart 2003; Colle 2003). Klein (2006) noted that the area of low-level frontogenesis is typically 
located left and poleward of the storm track with the enhanced precipitation region along or in 
cold sector of the boundary. 

 
1.5. Sea Breeze and Frictional Convergence – These features can become very active in advance of 

an approaching TC due to the marked increase in moisture transport off of the Atlantic Ocean, 
which can lead to a band of showers and storms moving inland from the coast. Or, if there is a 
stalled boundary near the coast, it can move back inland as a coastal front and penetrate even 
further into the Piedmont. The showers and storms associated with these features can be 
locally heavy rain/flooding producers and even display weak low-level rotation. 
 

2. Data, Products and Techniques – forecasters have a variety of tools to utilize to assess the potential 
for and evolution of surface boundaries.  Pattern recognition can help to dictate which data may be 
best to analyze.  
 
2.1. Data – use all available data including surface observations, satellite, & radar and use model 

data to fill in blanks with thicknesses, Td, T, convergence, FGEN, etc. 
2.1.1. Surface observations and analysis 

2.1.1.1. Surface analysis is subjective, but there exists a best solution. 
2.1.1.2. Be cognizant that isotherms and isodrosotherms sometimes do not mark air 

mass discontinuities during the warm season as well as the cool season 
2.1.1.3. Look for where dew points begin to decrease; the boundary should be on the 

warm side of this gradient.  
2.1.1.4. Look for a wind shift and/or pressure trough 

 
2.1.2. Satellite and Radar 

2.1.2.1. Visible satellite can often highlight discontinuity in air masses by difference in 
cloud character.  Identifying breaks in cloud cover can provide clues to where 
boundaries may develop. 

2.1.2.2. Radar imagery can highlight boundary locations through reflectivity and velocity 
signatures, particularly in clear air mode.  
 

2.1.3. NWP 
2.1.3.1. Do not be afraid to utilized both traditional NWP and Convection Allowing 

Models (CAMs) to support your analysis with fields such as theta, dew point and 
winds.  

 
2.2. Techniques 

2.2.1.1. Work from areas of greater confidence, both in a cross-frontal and along-frontal 
direction.   



2.2.1.2. Often times animating data (both observed and model), sometimes at very fast 
speeds, will allow details and patterns to emerge.  

2.2.1.3. If there is access to a previous analysis, it can serve as a good starting point for 
identifying areas of interest. 

 
2.3. Common Mistakes  

2.3.1.1. Not using all available data (doing the map in isolation away from datasets in 
AWIPS) 

2.3.1.2. Neglecting the maritime-tropical (mT)  front and/or analyzing it too close to the 
wedge front or mistaking it as the wedge front 

2.3.1.3. Placing cold fronts too deep  into the cold air (should be at warm side of 
gradient) 

2.3.1.4. Using deep layer fields (such as LI) to locate a surface front, details needed to 
locate the front are likely masked when examining fields over such as deep layer 

2.3.1.5.  While gridded fields such as theta-E from the RAP or MSAS may be useful at 
times, it may also mask boundary location. In other words, it can cause one 
atmospheric property to mask the other. 

front—1. In meteorology, generally, the interface or transition zone between two air masses of 
different density. Since the temperature distribution is the most important regulator of atmospheric 
density, a front almost invariably separates air masses of different temperature. Along with the 
basic density criterion and the common temperature criterion, many other features may distinguish 
a front, such as a pressure trough, a change in wind direction, a moisture discontinuity, and certain  
characteristics of cloud and precipitation forms. 
 
 
A Case for Detailed Surface Analysis by Frederick Sanders and Charles A. Doswell III - 
http://www.cimms.ou.edu/~doswell/sfcanal/surface_analysis.html 
 

http://www.cimms.ou.edu/~doswell/sfcanal/surface_analysis.html

