LAURG 3} - @ 57

Los Alamos

NATIONAL TABOR

Title:

Author(s):

Submitted to:

ATORY

REGIONAL CLIMATOLOGY SENSITLVITY STUDIES

James E. Bossert, EES-5

C. Y. Jim Kao, EES-5

Jahn 0. Roeads, Scripps/UCsSDh
§. C. Chen, Scripps/UcsDh

Judith 1. Winterkamp, EES-5

Proceedings of the Third ARM Sclenee Team MeetIng,
March 1-9, 1993, Normian, OK

MASTER -

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED |

| A LR

A U

1 on Alamas Natmnal L ahoratory, sn afirmaive setov/equsl opgrortundy sngikdyar, (6 opeated B tha Liveraity of Califrnia s the U Dapartmsn o § osigy
e contract W 7408 [ NG 30 1y sovosptane of this arvcis, the pubishet tsvugizas that the U5 Govenyne ielmins & nonas kisive tayalty fiae in nnae tn
pulsinh o reyrocuace tha pubiahed fonn of Hus contribution. o o alow ofheie o da s, foc U7 Govarinant potpoass The Los Alaies Natonnt | atiatory

s iunty thal e puiblishar kishlily i sti be sn werk pafored umdern the suspsces of the U S Depariimant of | nergy


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


REGIONAL CLIMATOLOGY
SENSITIVITY STUDIES

James T.. Bossert!, C.-Y. Jim Kao!, Judith L. Winterkamp!,
John C. Roads?, and Shyh-C. Chen?

'Farth and Environmental Sciences Division
Los Alamos National Laboratory
Los Alamos, NM 87545

*Seripps Tnstitution of QOceanography
University of California at San Diego
La Jolla, CA 92093

Submitted for the Proceedings of the Third ARM Scienee ‘Team Meeling

IFehruary 1993
DISCLAIMER

s veport wis prepared as an account of work sponsnied by an agemy of the Ulmited States
Government  Neher the Uanted States Govermuent nor any agency thereol, nor any ol theo
cmplovecs, makes any wartanty, expeess or nuphied, o asumes any legad baliliey o respona
bty Jor the acvonncy, completeness, o usetuloess of any intormation, appaatos, praduct, o
remess disclned, on tepresents tht it use would not anlonge prvabely owned opghits Relfer
cimee hevem Lo any ypeg e commeyoal ||||u||u|_ Plioea, ol aervie by toade marne, Lipde mark,
wanubactnges, ot otherwine does not necessaedy s owdgitnte o anply s cadonement, 1eomm
metdution, ar Tavormyp b the Uhitad States Government or any agency thereol The views
amd optony of anthory exypresard herein do oot secessnndy state o aellect those o e
Unued Statea Goveomment or any apeny theieol



Introduction

Recent interest in understarding climate and climate change at regional-scales has led
to the application of mesoscale models for regional climatology studies. These models can
provide an understanding of climate processes in a physicaliy consistent way at much higher
resolution than presently offered hy GCMs. The methodology and proof of concept for
regional climate modeling was initially undertaken by Dickinson et al. (1989) with the Penn
State/NCAR mesoscale model (MM4). Bossert ef al. (1992a) employed the RAMS mesoscale
model for preliminary regional climate simulations in a similar fashion to that of Dickinson
et al. Bossert et al. (1992b) discussed the development of a regional-scale climate model for
the western U.S. and corapared model generated surface fields for a month-long simulation
of January 1988 with observed data from over 300 surface cooperative stations.

In the course of our regional climate modeling with RAMS, several questions have arisen
which require further investigation. The first iuvolves the model validation procedure, To
date, regional climate simulation results have not undergone intense scrutiny aad comparison
with independent obecervational data sets. One reason for this is the lack of appropriate
mesoscale observations. Particularly in regions of complex terrain, such as the intermountain
west, the spatial coverage of existing surface and atmospheric observations is sparse. The
second question has to do with grid configurations and physical parameterizations of the
regional model and their suitability for long term simulations. While GCMs are global
and were developed to run for extended periods, the evolution of mesoscale modeling has
been far different and has focused upon short integration periods on the order of a diurnal
cycle, with grid domains covering only a small portion of the globe. Correspondingly, the
physical parameterizations within the mesoscale model bave not been thoroughly tested
for long integration periods. In addition, specification of lateral boundary conditions from
high quality, large seale data sets or GCM output is of eritical nnportance to the mesoscale
simulation,

In recent work, we have tried to address these questions to establish confidence in our
modeling procedure. A more rigorous comparison of our modeling results with various data
sety is reported in Roads of al (1992). In the present paper, we ase two simple numerical
experiments (o examine the impact of grid configuration on the predicted precipitation field
from the RAMS model. We intend te demonstrate that the choiee of the lateral bonndiries
and gricl conligurations can significantly impact the predicted lields of interest.

Approach

The experiments deseribed herein are based upon a continnous month long, simulation
of January T988 with the RAMS model. A more detailed explanation of the RAMS mode|
i contained in Kao and Bossert (1992) and elsewhere, "The specific model configuration
and parameterizations used 1or the regional climate simulation are Jdeseribed in Bossert of
al.  (19924). The regional clhimate model was initially developed to simalate the western
LS. inovart becanse the topopraphy of this region is complex and tuduees a high degree of
mesoscale vanability which we hoped o capture, and in part becanse we winted to test onr



model with a grid configuration similar to that of Gioergi (1989) for comparison purposes.
The actual grid configuration (see Fig. 2, Bossert et al. 1992b) was rather arbitrary, the
primary requirement being that it include the entire mountain massif of the western U.S.

In comparing the simulated monthly precipitation with actual amounts, we found the
greatest differences along the Oregon coast, which was too dry; and over the highest mountain
terrain of the Rockies, where the model prediction was too wet. A 5-day period from the
month-long January simulation (days 11-15), chosen for the sensitivity experiments, provides
a prime example of these differences (Figs. 1 and 2). Figure 1 shows that observed heavy
precipitation was limited to the coastal margin of the Pacific Northwest and the Cascade
Range. Other regions which received significant amounts include northern California and
northern Idaho. Little precipitation was measured over the Southwest or interior ranges
of the Rocky Mountain chain. The simulated 5-day precipitation rate (Fig. 2) from the
RAMS microphysics scheme shows that the model captured the heavy precipitation over
the Cascades in Washington which extended southward into northern California, as well
as the precipitatic, in Idaho, although the amounts there are excessive. The simulated
precipitation ficld does show large departures from observations in other regions, however.
For example, the heavy precipitation amounts observed along the coastal margin of Oregon
are misting, while substantial precipitation is simulated over the high mountain terrain of
Utah and Colorado. Although none of the cooperative stations are at elevations exceeding
2700 m, which prohibits ar: accurate determination of high :untain precipitation (snowfall)
in the central Rockies, the amounts there do appear to be too high, based upon the observed
storm track over the period.

To try and understand these precipitation differences, we hypothesized thid the National
Meteorological Center's 2.5 gridded data, used for model initialization and boundary nudg-
ing, may be too dry in the low levels of the troposphere over the eastern Pacifie. ‘The drier
lower atmosphere combined with the short advective time seale for flow from the model
domain boundary to the west coast led us to speculate that the western boundary of the
model domain should he located farther out into the Pacilic to allow for surface evaporation,
thereby increasing, the low level humidity, Consistent with this hypothesis was the high pre.
cipitation values over the high Rockies, which sugpested that too much mcisture was being
advected into the intermountain west at mid tropospherie levels and not rained out along
the coast,

T'hese obvious shorteamings within the climatology simulations provided the motivation
for the sensitivity experiments, For the first experiment, we designed a 5 day simulation with
a western boundary of the model domain that extended an additional 5 grid points (~ 2.57)
into the Pacitic Ocean. Another consideration for the lack of coastal precipitation concerned
the 0.5 resolntion of the model, which, while muoeh lugher than present day GCMs, was still
vather coarse for a mesoscale simulation and did not adequately resolve the coastal range,
enpecially in Oregon. Thus, for our second sensitivity experiment we ineladed a nested prid
with 0 125" resolution over the Oregon region to better resolve the topography and thereby
prouce more realistic orographic Jifting within the model,



Results

The results from the 5-day simulation with the extended western boundary are presented
in Fig. 3. The figure shows the precipitation difference field between the extended boundary
and the control case over the control case domain. The precipitation difference shows that the
westward extension does indeed produce the desired effect: increasing coastal precipitation,
while reducing snowfall over the high interior ranges of the Rocky Mountains dramatically.
The boundary extension increases the precipitation in northern California more than in
Oregon, perhaps because this area was closest to the model domain boundary (~350 km)
in the control simulation. As a result of this, the precipitation over the central Sierras now
appears to be excessive. In addition, the increase of precipitation along the Oregon coast
is rather minor, leading us to believe that the grid resolution over this region is inadequate
to realistically represent the Coast Range which induces the orographic lift necessary for
rainout,

In the second sensitivity experiment we implemented a nested grid over western Oregon
to better resolve the coastal mountains. ‘T'his nested grid was at a 4:1 ratio from the coarse
grid, having approximately 0,125 (~13 ki) horizontal resolution. Precipitation results on
the nested grid for the 5-day simulation are showin in Fig. 4. ‘Total vrecipitation amounts are
heavy along the crest of the Cascades, and along the southern Oregon/northern California
coast. The rest of the Oregon coast has only minor rainfall.  ‘Thus, despite the higher
renolution topography with the nested grid, precipitation is still underpredicted along the
Oregon coast. In fact, the coastal mountains are still not well represented, cven with this
increased resolution. Thus, an even smaller grid may be necessary to resolve this topographic
feature, which would increase the computational cost enormously.  ‘T'his point raises the
question of what is an adequate grid spacing to achieve “reasonable™ results in regional
climate models,

The nested grid results are averaged back up to the coarse grid and Fig. 5 shows the
resulting difference field between the nested grid run and the control run. In general the pre-
cipitation dillerences appear similar overall to those found in the extended western Loundary
sinalation, with more precipitation over the high terrain and coastal sections of the Pacifie
Northwest and less within the intermountain west, Several differences are apparent, however,
On the favorable side, the nested grid run concentrates the precipitation difference maxima
over the Oregon region and reduces that found over the Sierra Nevada, On the anfavorable
side, 0 huge differenee appears adong the Washipgton/Canada border. At present, we have
no explanation for this large precipitation increase outside the nested grid region,



Summary

In this paper we have presented results from two simple regional climate sensitivity ex-
periments designed to test the impact of grid configuration on the prediction of precipitation.
The simulated precipitation was first compared with observed data interpolated to model
grid points. Both experiments were found to improve the precipitation field by increasing
the amounts in the Pacific Northwest and reducing the amounts within the intermountain

cst. However, assessing the accuracy of the modeling results is complicated by the fact
that the mesoscale precipitation data set used for model validation is too sparse to provide a
rigorous evaluation of the model’s performance. This is especially the case over high terrain
where most of the winter scason precipitation falls. ‘This lack of necessary data is of great
concern, since validation of the results from regional climate models, especially precipita-
tion, is critical to their future use as a tool for climate change prediction. We are currently
examining precipitation data sets from a variety of sources to aid in this validation exercise.

The modeling results show that grid configuration must be given very careful consid-
cration before a regional model can be implemented for climate studies over a particular
arca of interest, The results presented here suggest that seemingly minor changes in domain
boundaries and grid resolution can have a dramatic impact upon predicted results. Looking
at the broader picture, our results demonstrate the need for adequate testing of the regional
climate model with respect to not only grid configuration but also boundary nudging and
physical parieterizations before we can establish confidence in its ability to he a useful tool
for climate studies. 'To date, little attention has been paid to any of these requirements. We
plan to continue to develop a regional model which is ideally suited for climate studies by
[urther examining the questions and problems brought out in this paper. Future experiments
will examine the impact of nudging upon the predicted lields and the performance of the
surface parameterization during & month-long integration.
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FIGURE CAPTIONS

Fig. 1. Observed precipitation (mm/day) for the period 11-15 January 1988, as deter-
mired from ~300 surface stations interpolated to RAMS model grid points.

Fig. 2. Simulated precipitation (min/day) for the period 11-15 January 1988 from the
RAMS model.

Fig. 3. Precipitation differences (mm/day) between the extended western boundary and
control simulations for the period 11-15 January 1988. Shading indicates extended boundary
precipitation exceeds control, dashed contours indicate extended boundary precipitation is
less tYian control. Contour interval 2.0 mmn/day.

Fig. 4. Simulated precipitation (inm/day) on the nested grid for the period 11-15
Jancary 1988 from the RAMS model.

Fig. 5. Precipitation differences (mm/day) between the nested grid and control simula-
tions for the period 11 15 January 198K, Shading indicates extended boundary precipitation
exceeds control, dashed contours indicate extended boundary precipitation is less than con-
trol. Contour interval 2.0 mm/day.
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