
LA-UR- 97-1294 
Approved for public release; 
disiribution is unljmiied. 

Title: 

Author(s): 

Submitted to: 

Los Alamos 
N A T I O N A L  L A B O R A T O R Y  

Modeling of the Arctic Boundary Layer: 
Comparisons with Measurements from the 
Arctic Ocean Expedition 1996 

D.O.ReVelle, E.D.Nilsson, M.Kulmala 

12th AMs Symposium on Boundary Layers 
and Turbulence, Vancouver, B.C., Canada, 
July 28 - August 1, 1997 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
emplcyces, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product. process, or service by trade name, trademark, 
manufacturer, or otherwise docs not necessarily constitute or imply its endorsement, recorn- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

Los Alamos National Laboratory, an affirmative actionkqual opportunity employer, is operated by the University of California for the 
U.S. Department of Energy under contract W-7405-ENG-36. By acceptance of this article, the publisher recognizes that the U.S. 
Government retains a nonexclusive, royalty-free license to publish or reproduce the published form of this contribution, or to allow 
others to do so, for US. Government purposes. Los Alamos National Laboratory requests that the publisher identify this article 
as work performed under the auspices of the U.S. Department of Energy. The Los Alamos National Laboratory strongly supports 
academic freedom and a researcher's right to publish; as an institution, however, the Laboratory does not endorse the viewpoint 
of a publication or guarantee its technical correctness. Form 836 (1 0/96) 



DECLAIMER 



P6.6 MODELING OF THE ARCTIC BOUNDARY LAYER: 
COMPARISONS WITH MEASUREMENTS FROM THE ARCTIC OCEAN EXPEDITION 1996 

D.O. ReVelle 

E.D. Nilsson 

M. Kulmala 

Earth and Environmental Science Division, Los Alamos National Laboratory 

Department of Meteorology, Stockholm University 

Department of Physics, University of Helsinki 

I. INTRODUCTION AND OVERVIEW 

A. MODELING THE ARCTIC BOUNDARY LAYER 

Modeling of the Arctic Ocean planetary boundary 
layer (PBL) is in some ways quite similar to the 
modleing of the nocturnal boundary layer over land 
surfaces in middle and high latitudes. The key to an 
understanding of the Arctic boundary layer is the 
tendency for strong static stability of the air over 
most of the year. The underlying surface which can 
be relatively warm, temporally and spatially 
changing leads or ice fiows creates an environment 
that is very challenging to model. The International 
Arctic Ocean Expedition in 1991 (IAOE-91) greatly 
improved our understanding of the Arctic PBL 
characteristics (Nilsson, 1996), formation and decay 
of fogs and of related phenomena (Nilsson and 
Bigg, 1996), i.e., gravity waves, intermittent 
turbulence, etc.. 

B. THE ARCTIC OCEAN EXPEDITION-96 
AOE-96 OBSERVATIONS 

During the recent 3 month Arctic Ocean 
Expedition (AOE-96) to the North Pole during the 
summer of, 1996,an enormous amount of data 
collected on the Arcfic planetary boundary layer. 
The basic observations include rawinsonde 
launches, aerosol arid radiation data from helicopter 
flights, LIDAR and SODAR measurements, radiation 
and heat budget measurements (Nilsson et al., 
1997), fog microphysics, aerosol physics and 
chemistry, etc. The data set includes many 24 hour 
stations and a five day ice-camp. 

11. ARCTIC BOUNDARY LAYER OBSERVATIONS 
DURING AOE-96 

From the many days recorded during the 
expedition we have initiallly chosen two periods to 
model: 

Case963: July 27,1996 
(83.77 N,66.14 E): Very Stable PBL 

Case964: July 29, 1996 
(85.55 N,72.22 E) Extremely Stable PBL. 

All data have been used wherever possible to 
both initialize the model runs and also to help 
testhalidate the model outputs. Both 24 hour 
periods are indicative of barotropic and highly stable 
boundary layer conditions with periods of clear 
skies and light winds, etc., prevailing for two days 
prior to the initialization period. 

Even with this restriction we have found one time 
period which exhibited a great detail of very 
interesting physics. Not only was bursting (ReVelle, 
1993) or oscillations of the temperature and wind 
fields in the PBL evident, but similar oscillations in 
aerosol number concentration also occurred as well. 
The obvious question to be investigated is whether 
or not these aerosol oscillations are causally 
connected to those of the low level temperature and 
winds. 

111. THE BLMARC MODEL 

In preparation for the expedition, we have 
developed an expanded and quite flexible I - D  
computer code based on the successful work of 
ReVelle (1993) and of ReVelle and Coulter (1994; 
1995) on modeling of boundary layer "bursting", i.e. 
transition to laminar flow from a prior turbulent state 
and vice versa. This new code, BLMARC (Boundary 
Layer, Mixing, Aerosols, Radiation and Clouds), 
explicitly includes the physical and chemical effects 
due to the presence of clouds, aerosols and 
associated air chemistry. The aerosol model has 
been developed by Kulmala et. al. (1 991, 1995). 

IV. MODELING OF THE AOE-96 DATA 

Preliminary runs using BLMARC show quite good 
agreement between measurements of temperature 
and winds and the model predictions over a 12 hour 
time period. Temperature predictions were excellent 
compared to measurements, but even wind speeds 
and directions were quite well predicted. 

The second period chosen also exhibited periods 
of oscillations of temperature and winds and of 
aerosol concentrations observations taken during 
helicopter flights. During at least part of this period 
the aerosol concentration oscillations were 
correlated with those of temperature and winds in 



the lowest layers. As a general indication of the 
detailed capability of BLMARC we have included a 
plot of both the contoured eddy diffusion coefficient 
and the wind speed values as a function of height 
and time for case 964 in Figure 1. 
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Figure 1. Contour plot of modeled eddy diffusion 
coefficient (mA2/s) and of the wind speed (m/s) 
versus height and time for BLMARC: Case964. 

In Figure 2 we have also plotted a comparision 
between the modeled and measured winds during 
Case 964 

case 964 

Figue 2. Modeled and measured wind profiles during 
Case964 in AOE-96 (m/sec). 

Due to space limitations all the details of this 
work could not be reported here. The full details of 

this work will be submitted for publication later this 
year. 

V. SUMMARY AND CONCLUSIONS 

Using data from AOE-96 and the model BLMARC, 
we have begun a systematic effort to compare 
observations of the high Arctic boundary layer 
against numerical modeling results. Our preliminary 
results for case963 and case964 are quite 
promising. The second period exhibits what appears 
to be "bursting" effects in the temperature, the 
winds and in the aerosol concentration and our 
modeling efforts have shown a similar set of 
features as well. 

Current work also includes model experiments 
with BLMARC on the aerosol nucleation and growth 
in the Arctic PBL and cloud and fog formation. 
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