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Objective

A Develop and study the behaviour of idealised models for summer monsoon
based on QTCM, in particular whether bifurcation point exists. .

ACompare and reconcile the differences between the developed model a
previous studies.

A |dentify the conditions under which the model might admit bifurcation.




Outline

A QTCM & quick recap

A Modeld 1 (all assumptions): Development and results

A Comparison between Mo@el, Boos an&torelvmpandLevermanret al.

A Effect of changing precipitation parameterisation

A Models 2 (nonlinear advection of momentum): Development and results
A Modeld 3 (constanimeridionabarotropicvelocity): Development and results

A Possibility of bifurcations




QTCM-recap
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A The model variables are expressed using
Galerkinexpansion.
A The series are truncated with
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A The different parameters in the model are

dependent on these bdsiscitions
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A Final form of QTCM equations
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Reducing QTCM for monsoons

A Zonal symmetrgssumed

A Barotropiowvind component, visualized ag#eical meabackground flow,
IS neglectely setting it to zero.

A Diffusion terms are neglected.

A Thenonlinear advectiotermspresent ifthe momentum equation are
neglected asfiast approximation to linearize about a resting state.

A Effectof rotation ofEarth Isneglected for small scale systems.




Modeld 1

A Similarto Boos an®torelvmo2016
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Parameter

Symbol Description

(e

Reference value of gross moisture stratification

C

Sensitivity of gross moisture stratification to surface moisture perturbation
Reference value of dry static stability

v Sensitivity of dry static stability to boundary layer MSE perturbation

Sensitivity of rate of change of boundary layer MSE perturbation to horizontal advective fluxe:

temperature

w Sensitivity of surface moisture perturbation to horizontal advective fluxes of moisture
Ratio of gas constant to specific heat at constant pressure for air

Vertical average of temperature basis function

Vertical average of moisture basis function

mechanical damping time sé¢atdhorizontalwind

Modified convective adjustment time scale

3K

0.0505

3.6 K

0.0427

0.0314

-0.0505
0.285
0.4593
0.3150

3.5 day

10 hours 9

S




Modeld 1

A Similarto Boos an®torelvmo2016
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A It is found that temperatuasd moisture adjust rapidly, on smaller time scales, as
compared to winds

A The eigenvalugf the linearized system, corresponttirteeigenvector
approximatelglongu his found to be one order of magnitude lesser than the other
two eigenvalues

A Correspondingly, the time scale of responge wfll be one order of magnitude .
larger

A Winds,b form the slow manifold. Therefore, temperature and moisture equations
are assumed to be in steady state.
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A The horizontal derivatives are approximated usi
finite difference method for the box.
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A Two solutiond one positive and one
negative

A Negative solution corresponds to
monsoonal like circulation

A The negative solution is stable in nature
A Circulation increases in strength with Q

A No evidence of physically relevant
bifurcation.
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Comparison between Mo@<l, Boos and
StorelvmopandLevermanret al.

A Modet1 is a non steady state version of the BooStanelvmanodel.

A Because the time derivative of wind is retained inVadel a different box scheme is used, the

coefficients are different.

A L ever madelddes not have a moisture equation.
A Also, the vertical gradients of DSE are missing in the temperature equation.

A The precipitation parameterization used in the model is different compared to Bom®lanah
and Modell.
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Rewriting. e v e r madeln 0 s

G0 Ob G0

S L . Where, the coefficients are giasn
Precipitation is assumed to be linearly related to

the moisture content over land.

b 1n insteado® ——= @ V) 6 [an &C0 Wpr

To compare withevermannwe rewrite the I
model using QTCM basis functions and
parameters.
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