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1.       Introduction 

The challenge in evaluating and applying regional 
atmospheric models is the poorly understood non-linear 
behavior of atmospheric processes. The non-linearities 
lead to an internal variability in the model. Therefore an 
ensemble of un-nudged simulations with different initial 
conditions and a diabatic budget study for potential 
temperature which accounts diabatic and dynamical 
contributions is applied on ensemble simulations to 
investigate the internally generated variability. Hence, the 
physical processes inducing inter-member variability (IV) 
in ensemble simulations can be analyzed and 
understood.  

The study is applied over the Arctic with the regional 
model HIRHAM5 from July 6

th
 2012 to September 30

th
 

2012. This time period is of particular importance 
because of the melting sea ice and its influence on 
atmospheric circulations and the resulting effect on the 
IV. In summer 2012 a strong sea ice melting occurred.  

2.       Model Setup 

The hydrostatic regional atmospheric model 
HIRHAM5 (Christensen et al. 2007) was first applied on a 
circum-Arctic region by Klaus et al. 2012. The dynamical 
core of HIRHAM5 is provided by the regional weather 
forecast model HIRLAM7 (Undén et al. 2002), the physical 
parameterizations by ECHAM5 (Roeckner et al. 2003). 
The model is driven by ERA-Interim (Dee et al. 2011) and 
runs with a spatial resolution of 25 km covering 218x200 
grid cells and 40 vertical levels up to 10 hPa. 

The ensemble consists of 20 members, running with 
the same lateral boundary conditions, but differs in their 
atmospheric initial conditions. Therefore the initialization 
time of each simulation shifts by six hours. The first 
simulation starts on July 1

st
 2012 at 0000 UTC and the last 

on July 5
th

 2012 at 1800 UTC. Each simulation is 
performed until September 30

th
 2012. The budget study 

is applied for the period that is covered by all ensemble-
members from July 6

th
 to September 30

th
 2012.  

3.       Method 

The applied equations of IV budget study for potential 
temperature was developed and described in detail by 
Nikiema et al. 2010 and 2011. IV of a variable φ is defined 
as the inter-member variance (σ

2
) of the 20 ensemble-

members (n) (Eq. 1). The initial equations are the first law 
of thermodynamics and the mass-continuity equations in 
vertical pressure coordinates for potential temperature 
and they can be combined to Eq. 2, where Θn is the 
potential temperature, Vn is the horizontal wind, ωn is the 

pressure vertical motion and Jn is the diabatic heating 
rate combining temperature tendency due to radiation, 
vertical diffusion, convection and condensation. Applying 
the Reynolds decomposition (Eq. 3) leads to a variable φn 
split in the ensemble mean <φ> and its deviation from 
the ensemble mean φ’n. Further transposing and 
combining of the equations lead to seven contributions 
of the potential temperature IV budget study (Eq. 4). 

 
The left-hand side of Eq. 4 is the diagnostic potential 

temperature IV tendency (LΘ) and on the right-hand side 
are the local changes of the inter-member spread 
variance in the ensemble simulations (Nikiema et al. 
2010). The right-hand side consists of seven parameters 
contributing to IV and describing different atmospheric 
processes. The terms Ah and Av are the horizontal and 
vertical transport terms. The terms Bh and Bv are the 
horizontal and vertical baroclinic terms and are linked to 
synoptic events. C is the diabatic source and sink term. 
The terms Eh and Ev are the third-order-terms.  

4.       Results 

The amplitude of potential temperature IV of the 
HIRHAM5 ensemble simulations fluctuates in time (Fig. 1, 
left) and depends on the height in the atmosphere (Fig. 
1, right). During the analyzed time period IV reaches high 
values between July 27

th
 and August 7

th
 with an absolute 

maximum on August 5
th

 2012 at 0600 UTC. The vertical 
profile shows strongest IV at 500 hPa. A smaller 
maximum is observed at 925 hPa and the lowest values 
of IV are found at the surface and at 300 hPa. 

Figure 1. Time evolution (left) and vertical profile (right) of the 
domain averaged inter-member variability of potential 
temperature.  



 

 

 
Figure 2. Spatial distribution of the time averaged inter-member 
variability of potential temperature at 925 hPa. 

The temporal (July - September) and vertical average 
of IV shows the spatial distribution and highlights 
locations with high and low IV. From the boundary 
toward the center of the model domain IV increases at 
each level. A detailed view on the 925 hPa level (Fig. 2) 
points two centers of high IV out, at the Laptev Sea and 
Beaufort Sea/North America. 

The time evolution of the seven contributions (Fig. 3) 
indicates that the horizontal and vertical baroclinic terms 
exert the strongest influence on IV. The positive values of 
Bh represent a generation and the negative values of Bv a 
reduction of IV. The other terms fluctuate around zero, 
because their contribution to IV in general is small (Av, Ev 
and C) or they are balanced over the model domain with 
regions where they contribute to an increase and where 
they contribute to a decrease of IV (Ah and Eh).  

The centers of high IV observed in Fig. 2 are mostly 
induced by Bh which reaches values of more than 20*10

-5
 

K
2
/s (Fig. 4, left). However Bv (Fig. 4, right) has a negative 

influence in these regions leading to a reduction of IV but 
with a weaker contribution, so that there is a strong 
baroclinic contribution to IV. 

These results for the Arctic are different to those 
Nikiema et al. 2010 and 2011 found for North America 
using the Canadian RCM. They obtain that the diabetic 
term C, followed by Bh contribute to a generation of 
potential temperature IV and Bv, followed by Ah are 
responsible for the reduction of potential temperature IV. 

  
Figure 3. Time evolution of the vertical and domain averaged 
contributions to the inter-member variability of potential 
temperature.  

5.       Summary and Outlook 

In this study a budget equation for potential 
temperature is applied to investigate IV generated in a 
regional arctic atmospheric model HIRHAM5 with 
ensemble simulations differing in their initial conditions 
for the period from July 6

th
 2012 to September 30

th
 2012. 

IV fluctuates strongly in time and reaches its maximum at 
500 hPa. IV is mainly generated by horizontal (Bh) and 
reduced by vertical baroclinicity (Bv). 

Further subjects will be analysis of IV and its 
contributions by investigating shorter time periods and 
individual events of high and low IV depending on sea ice 
melting. A further aim will be the application of the 
budget study for other years.  

Figure 4. Spatial distribution of the time averaged horizontal 
baroclinic term Bh (left) and vertical baroclinic term Bv (right) 
contributing to the inter-member variability of potential 
temperature at 925 hPa.  
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