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Abstract: This study presents a new way to identify the sensitive areas, which are determined by invoking 
the negative anomalies of moist potential vorticity (MPV) for typhoon adaptive observations. It is found 
that the areas of negative MPV are the symmetric instability areas and can be taken as sensitive areas for 
typhoon adaptive observations. Three typhoons in 2008, Nuri, Fung-wong, and Fengshen, were simulated 
with the help of MM5 model. It is shown that these typhoons are well simulated in the first 12 hours. 
Based on these investigations, the calculations of MPV are carried out sequentially. The result shows that 
the negative maxima of MPV are always around the typhoon eyes for all the cases, which means that the 
sensitive areas are also near them all the time. 
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1  INTRODUCTION  

Studies have shown that, in a perfect model 
hypothesis, forecast errors are mainly caused by the 
initial analysis errors because of the scarce observation 
data and the immature data assimilation scheme [1-3]. 
Thus, supplementing observation in some areas lacking 
observational data is a main method to improve 
forecast. However, it is costly and unnecessary to add 
observations everywhere, especially for typhoon 
prediction, as the typhoons are almost all over the 
ocean during their lifetime, and it is shown that 
extensive observations obtained in the general region 
around the cyclones did not conclusively improve 
forecasts much more than observations only obtained in 
some particular regions [4, 5]. This is the idea of 
adaptive observation, and the particular regions are 
called sensitive areas [6, 7].  

Obviously, the key point of adaptive observation is 
the determination of the sensitive area. Currently, there 
are some strategies for identifying the sensitive areas. 
One strategy is based on the adjoint technique, such as 
singular vectors (SVs) [8], adjoint sensitivities [9], and 

adjoint-derived sensitivity steering vector (ADSSV) [10]. 
These kinds of methods are also named adjoint-based 
sensitivities [11]. Another strategy is ensemble-based, 
such as the ensemble transform [12], the ensemble 
Kalman filter [13], and the ensemble transform Kalman 
filter [14]. In the mean time, other methodologies are 
also proposed in the sensitive area determination like 
the quasi-inverse linear method [15], and the 
breeding-like method mentioned in the study of Lorenz 
and Emanuel [16]. Recently, Mu et al. [17] applied the 
method of conditional nonlinear optimal perturbation 
(CNOP) to the sensitive-area identification for typhoon 
prediction, and the results showed that this method is 
promising. In a work of the application of CNOP to 
adaptive observations, Zhou [18] found that the 
CNOP-identified sensitive areas are always located at 
the unstable area of the background fields, with a part 
of the sensitive areas located around the eye in the 
strong convective region. 

The above methodologies come from the 
dynamical viewpoints, and their identified sensitive 
areas are usually the place where the small initial 
errors would result in large forecast errors. In other 
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words, the basic states in the sensitive area are usually 
unstable, as indicated by Zhou [18], Ehrendorfer and 
Errico [19], etc. Thus, it is thought that the identification 
of the sensitive area can be taken as the identification 
of the unstable area from the view of physics; thereby 
we can determine the sensitive areas by analyzing the 
atmospheric instability. 

The stability can be classified into three types 
according to different forcing condition[20], such as the 
static stability when the vertical forcing is considered, 
the inertial stability when the horizontal forcing is 
considered, and the symmetric stability when both the 
vertical and horizontal forcing are considered. As for 
typhoons, there is strong slantwise ascending motion 
around the eye, and both the vertical and horizontal 
forcing exists. Thus the symmetric stability can be used 
to deal with the situation of typhoons. 

Usually, when a typhoon is about to land, it is 
mature enough to be taken as axisymmetric. In this 
paper, therefore, we consider the instability of 
axisymmetric typhoon circulation to find the unstable 
areas for typhoons. 

The structure of this paper is as follows. Section 2 
provides a description of the methodology. Section 3 
introduces the application of the methodology to three 
typhoon cases. Section 4 gives a brief summary and 
discussion. 

2  METHODOLOGY 

In this part, we will introduce the methodology 
from the viewpoints of energy and moist potential 
vorticity (MPV) respectively. 

2.1  The energy viewpoint 

In a cylindrical coordinate, the kinetic energy K  
can be written as 

mK K Kϕ= +              (1) 
where 
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2m r zK v v dVρ= +∫ ,        (2) 
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Here, M  is an angular momentum equaling 
to v rϕ ; , ,r zv v vϕ   are velocities in the , ,r z ϕ   
directions respectively, ρ  is the density, r  is the 

radius, V  is the volume, and 2
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energy U can be written as 
U udVρ= ∫               (4) 

where u  is the internal energy per mass. 

The potential energy G  is 
G dVρ= Φ∫               (5) 

where Φ  is the potential energy per mass. 
According to total energy conservation law, there 

is 
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where Q  is the potential vorticity (PV). 
Inequality (10) is also the necessary condition of 

instability. 
Because in the Northern Hemisphere there is 

0m
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the necessary condition of instability is 
0Q < .               (12) 

2.2  The MPV viewpoint 

Dry potential vorticity may not contain important 
information as there is abundant water vapor in 
typhoons,  the MPV is taken into account 
sequentially. 

In a cylindrical coordinate, the MPV can be 
written as 

1 1 e e
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where ω  is the absolute vorticity, and eθ  is the 

potential temperature. ,r zω ω  are the components of 
ω  in the ,r z  directions respectively, and their 
expressions are as follows: 
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Thus Eq. (13) can be written as 
1 e e
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Eq. (16) can be further expanded as follows: 
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 is the iso-angular momentum 

surface slope, and /
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 is the isentrophic 

surface slope. 
According to the theory of symmetric stability, 

when iso-angular momentum surface slope is smaller 
than the isentrophic surface slope, the symmetric 
instability happens. That is, the symmetric instability 
requires 
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Namely, 0eQ < , according to Eq. (17). 
Figure 1 is the schematic diagram of symmetric 

instability. 
Thus, we try to find the area where 0eQ <  and 

identify it as a sensitive area for typhoons. 

3  APPLICATION 

3.1  Experimental design 

The landing of a typhoon is the target and 
additional observations are added to improve the 
24-hour forecast. That is, the observations will be 
supplemented 24 hours before the typhoon landing. 
Apparently, the observed position should be determined 
before implementation, and we assume that the 
decision is made 12 hours ahead, i.e., 36 hours before 
the landfall of the typhoon. 

As mentioned above, for every typhoon case, we 
choose a 36-hour period to study. In this paper, three 

typhoon cases named Nuri, Fung-wong, and Fengshen 
occurring in 2008 are studied. These typhoons landed 
in the mainland of China, specifically, Nuri and 
Fengshen landed in Guangdong province, and 
Fung-wong landed in Fujian province, and the time 
periods leading up to their landing are studied. For the 
Nuri case, the time period is chosen from 0000 UTC 21 
August to 1200 UTC 22 August, and the observations 
are to be added at 1200 UTC 21 August. For 
Fung-wong, the time period from 0000 UTC 27 July to 
1200 UTC 28 July is chosen, with 1200 UTC 27 July 
being the observation time. The time period from 1200 
UTC 23 June to 0000 UTC 25 June is chosen for the 
Fengshen case, and the observation time is 0000 UTC 
24 June. 

We use the model of the fifth generation 
Pennsylvania State University–National Center for 
Atmospheric Research (PSU-NCAR) Mesoscale 
Model (MM5; Dudhia[20]) to study these typhoons. For 
all cases, the resolution is 30 km and the vertical 
direction has been evenly divided into 20 sigma levels. 
The horizontal grids are 87×91 (latitude by longitude) 
for both Nuri and Fengshen cases, while 91×91 
(latitude by longitude) for the Fung-wong case. The 
initial and boundary conditions are acquired from the 
National Centers for Environment Predictions (NCEP) 
Global Forecasting Systems (GFS) global analysis (1°
×1°), with GFS boundary conditions supplied every 6 
h during model integration. The physical 
parameterizations include the Kuo cumulus 
parameterization scheme, the Blackadar PBL scheme, 
the simple cooling radiation scheme, and the stable 
precipitation. 

The MICAPS (Meteorological Information 
Combine Analysis and Process System) data are used 
to offer the observed typhoon tracks. 

3.2  Results 

Figure 2 presents the simulation tracks and the 
observation tracks for each case. It is shown that for 
these typhoons the first 12-hour simulations are better 
than the second 24-hour simulations, as the track 
prediction errors are less than 100 km in the first 12 
hours. For the Fung-wong case, the simulation in the 
second 24 hours is also acceptable (Fig. 3b), as the 
track forecast errors are within 200 km. For the other 
two cases, especially for Fengshen case, the second 24 
hours forecast errors are large (Fig. 3a & 3c). It can be 
seen that the typhoons of Nuri and Fengshen are 
predicted to move northeastward in the second 12 hours, 
which is obviously deviated from the observed tracks 
which depict the northwestward movement of the 
typhoons. 

As mentioned in section 3, what we targeted in 
adaptive observation is the place where the 

Fig.1  Schematic diagram of symmetric instability. 
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observations should be deployed 12 hours later, thus if 
the typhoon tracks can be better simulated in the first 

12 hours, i.e., the simulation fields can be taken as the 
real situations for the first coming 12 hours, then we 
can determine the unstable areas according to the 
simulation results, since the real analysis cannot be 
obtained at the initial time. 

From Fig. 2, it is known that the typhoons are well 
simulated in the first 12 hours. Based on these 
simulations, we calculate the MPV. With the help of 
the methodology described in section 2, the atmosphere 
is unstable where the MPV is negative. Figure 3 
indicates the distribution of MPV on 500 hPa at the 
time of adding observation. It is shown that the 
negative maximum of MPV is around or in the typhoon 
eye for these cases. For Nuri, the most unstable area is 
at the south edge of the typhoon eye; for Fung-wong, it 
is at the east and west edge; for Fengshen, it is at the 
southwest edge. These unstable areas are identified as 

the sensitive areas for each of the typhoons as 
mentioned in the introduction. 

The distributions of the sensitive areas are of 
physical meanings, as it is known that there is strong 
convection around the typhoon eye, which may result in 
great instability. Although these locations may not be 
favorable for the adding of observations, they are 
indicated by the physical means.  

4  SUMMARY AND DISCUSSION 

In this paper, by combining the moist potential 
vorticity (MPV) theory and the symmetric instability, 
we found that the symmetric unstable areas are where 
the MPV is negative. Studies have revealed that the 
sensitive areas which are identified by using such 
dynamical methods as SV(singular vector) and CNOP 
(conditional nonlinear optimal perturbation) turn out to 
be unstable areas from the viewpoint of physics in 

Fig.2  Simulation tracks (dashed) from nonlinear MM5 and observation tracks (solid) from CMA. (a) Nuri, 
from 0000 UTC 21 Aug to 1200 UTC 22 Aug 2008; (b) Fung-wong, from 0000 UTC 27 July to 1200 
UTC 28 July 2008; (c) Fengshen, from 1200 UTC 23 June to 0000 UTC 25 June 2008. 

Fig.3  Distributions of negative MPV [shaded, unit: m2·K/(s·kg)] on 500 hPa and the sea surface pressures (contour, 
unit: hPa) for (a)Nuri, (b)Fung-wong, and (c)Fengshen at the time of adding observations. 
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adaptive observations for improving typhoon 
predictions. Consequently, we identify the sensitive 
areas by analyzing the unstable areas of typhoons using 
MPV. 

Three typhoon cases of Nuri, Fung-wong, and 
Fengshen occurring in 2008 have been studied. Results 
showed that these typhoons can be well simulated in 
the first 12 hours so that the MPV can be calculated 
based on the simulation results. For all the cases, the 
areas of negative MPV, or the unstable areas, are 
always located around the typhoon eye while the most 
unstable areas are a little different. This means that 
from the perspective of symmetric instability, the 
sensitive areas are always near the typhoon eye. 

This is a primary study of the application of the 
symmetric instability in identifying the typhoon 
sensitive areas for adaptive observation. More studies 
should be done in future work. First, more typhoon 
cases should be studied. Second, it should be tested if 
the identified sensitive areas really help improve the 
prediction of typhoons. Third, the sensitive areas, 
determined by the theory of symmetric instability, 
should be compared with other sensitive areas 
identified by dynamical methods, and the difference 
should be further studied. 

Nonetheless, this paper provides a new method to 
identify the sensitive areas in typhoon adaptive 
observations. 
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