Characterization of errors in the boundary layer parameterizations over the state of
Odisha for contrasting monsoon seasons
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Introduction

850hPa wind bias with ECMWF (June, m.s-1)

Methodology, data and study domain

•

Many parts of India gets nearly 75-80% to the annual
rainfall during summer monsoon season.

•

Planetary boundary layer (PBL) is associated with
majority of the exchanges of heat, moisture and
momentum and provides feedback to large scale
systems like monsoon circulation.

•

An accurate understanding of the sensitivity and
systematic errors in the boundary layer of Indian
Summer
Monsoon
Rainfall
facilitate
better
understanding of physical forcing of the monsoon
circulation over the region.

•

Systematic errors in precipitation distribution in the
monsoon systems over the Indian region reduces with
inclusion of nonlocal closure scheme.

•

The state of Odisha and neighborhood regions are
considered as the gateway of numerous tropical
depressions emanating from Bay of Bengal, embedded
in mean monsoon as well as intra-seasonal scales.

Weather Research and Forecasting (WRF-ARW) model version 3.6.1
(Skamarock et al. 2008) is used for this study. The simulations are carried out
with two-way interactive nested domains having horizontal resolution 27 km
(d-01), 9 km (d-02) with 290×290, 325×334 grid points respectively. The
model was integrated for 96 hours starting at 0000 UTC of every day for the
monsoon periods of 2013 and 2014, (i.e. from 0000 UTC, 15 May to 0000
UTC, 30 September 2013 and from 0000 UTC, 15 May to 0000 UTC, 30
September 2014).
National Centre for Environment Prediction–FNL (Final) data at 1ox1o
resolution is used as initial and boundary conditions for the model. European
Centre for Medium Range Forecasting (ECMWF)-Interim re-analysis (ERAI)
data at 0.75ox 0.75o resolution are used for validation of model results; IMD
0.5ox0.5o data is used for rainfall validation.

Objectives
•

•

•

Segregation of error characteristics

Characterization of the PBL schemes and its systematic
errors have not been investigated exclusively over
Odisha and neighborhood regions.
Present work identifies and quantifies the variability in
the monsoon features through its active and break
phases using different PBL schemes in the WRF
model.
Monsoon seasons of 2013 (surplus) and 2014 (drought)
are characterized using different PBL schemes over the
eastern coast of India centered over Odisha.
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Fig. 1: study domain
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wind field in energy form is as follow:
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𝑉𝑒𝑠 • 𝑅𝑠 , where the total error is partitioned into its systematic (𝑉𝑒𝑠 ) and non-systematic (𝑉𝑒𝑟 ) part as 𝑉𝑒 = 𝑉𝑒𝑠 + 𝑉𝑒𝑟 , the systematic error of the total
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Summary
• MRF (ACM2) produces the least (highest) errors over eastern
India (i.e. Odisha). The boundary layer mixing processes are much
intense for all other schemes except MRF (Hazra and Pattnaik
2020).
• Stronger boundary layer mixing, mid tropospheric heating and
higher updrafts, lead to overestimated convection and thus
overestimated precipitation in majority of the PBL schemes except
MRF.
• Both the convergence and divergence of error energy are found to
be weak in MRF and MYNN, attributing to the lower error growth
rate and hence, the smaller systematic errors compared to ACM2
and YSU for both these monsoon seasons.
• Overall, it is found that the systematic component of the linear
(non-linear) error growth rate is contributed by the dynamics
(physics) components of the model (Hazra et al. 2021).
• MRF (non local closure scheme) turned out to be the best PBL
parameterization scheme over the study region particularly for
wind and rainfall forecast.
• These results will guide the model community and operational
agencies (e.g., IMD) to make a region-specific choice of an
optimal combination of PBL for better regional forecast.

Acknowledgements
The authors would like to thank Indian Institute of Technology Bhubaneswar
for providing us all the research facilities and helpful assistance required for
this purpose. We also thankfully acknowledge Indian Space Research
Organization (ISRO) for providing the financial assistance in term of research
grants (RP-063) for carrying out this work. The authors thankfully
acknowledge NCEP-FNL, ECMWF and IMD for providing us all those data
sets required for the initialization and validation of the WRF model.

