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Scientific objectives -

1. Determine the drivers of typical and extreme orographic precipitation in the Western Ghats &
Himalaya regions in observation-based datasets

2. Determine how mechanisms of orographic precipitation and precipitation extremes are represented
in models ranging from the convection-permitting, kilometre scale to global, parameterized
convection models

3. Determine what mechanisms controlling orographic rainfall and its extremes are missing from
models at a range of scales and inform model development
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2 Reading IMPROVE results

* New insights into interactions between Western Disturbances & Tropical
Depressions, explaining extreme events in northern India

* Role of WDs & TDs in landslides of upper-Indus basin

* Interpreting rainfall in terms of Froude number of the monsoon flow

« Controls of Western Ghats rainfall regimes at the larger scale

« Attempting to interpret the monsoon using a two-layer analytical model
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Key points: e

« WD and TD track catalogues
used to find 59 interaction case
studies

 Four different interaction types
identified

* Interactions either involve a
dynamical coupling of the two
systems or moisture exchange
between them (or both)

* Interactions involving a jet streak
entrance result in the most
intense rainfall

(c) TD-to-WD moisture exchange (d) WD-to-TD moisture exchange

Improve.monsoon.org.uk Published in Monthly Weather Review, doi:10.1175/MWR-D-20-0373.1
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« Majority of Upper Indus
Basin landslides occur
when a TD (summer) or
WD (winter) is present
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Ministry of

Reading = Kieran Hunt & A P Dimri » WDs favour landslides by
strengthening moist flow
from Arabian Sea
ziz-esisoio -« TDs (not shown) favour
N iy landslides by extending
===~ monsoon trough to NW or
===| enhancing southeasterly

WD present (W|th|n 2000 km) WD not present (or within 2000 km)
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Rainfall pattern based on Fr,,, from Mumbai soundings & IMERG precipitation, JJAS 2007-2016
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BSISO Phases & Fr,,at Mumbai ™"

= ; * Rainfall pattern responds to Fr,, of monsoon flow

£ $;+ gg  ° Fryvaries with BSISO phases
05 l * Insensitive to choice of upper-air station on west coast
. - * Prominently highlights the influence of Western Ghats
T 0 B a8 O * Useful for further study of orographic mechanisms
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Jennifer Fletcher et al.

Ramfall::iurT Ig:atloigyN (a) OffShore phase
NP » Earlier work from our INCOMPASS
NI : field campaign of aircraft & surface
S "fg%; o A observations found evidence for
nier] BT modes of onshore & offshore
coastal + : 150 .
O e i convection near Western Ghats
I B * We hypothesized these were

B e B controlled locally by a dry intrusion

B962)

| == N (L and at larger scales by the BSISO
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phase zzjnez|  {BIe0 Fletcher et al. (2019) The
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southern India: New observations ".
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Fletcher, Schiemann

Key points:

»EOF analysis used to identify periods of
“onshore” and “offshore™ rainfall occurr -' -
the vicinity of the southwest Indian coa :"qu, J

»Radiosonde and moisture trajectory an i‘E‘_ fl-n
shows rainfall location most sensitive t ;ﬁ
tropospheric moisture E Hr =<

» The BSISO exhibits a strong control on local
moisture profiles, and thus offers improved
predictability (see left) on offshore (phases 3
and 4) vs onshore rainfall (phases 5 and 6)

Published in QURMS, doi:10.1002/q}.3913
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i — LEE“; Earth Sciences e Can offshore and coastal phases of convection be driven by different flow structures
U(z) (and buoyancy frequency N(z)) interacting with orography of Western Ghats?

e Calculate 2D steady linear response over topography z = h(x). Use analytical solution

for special case: hydrostatic and non-rotating, with step profiles in U(z) and N(2).

* Work in progress

U=U,, N=N.
* Demonstrates ’ o ’

.y RS S 2=H —-=-=-=--
utility of using a e s
two-layer analytical Shown richt

own right is the response
model to study flow i vl ow ) (contou
perpendICUIar to a Responsedetirminedbytwo |
mou ntaln rldge nondimensional parameters:

F1 =N1H/U;, ¢ =NoUz/(N1U7).

2=0

e c.f. Western Ghats

e Remote response (over Arabian Sea) determined by R = ¢ /(cos® F; + ¢2 sin*F,).

e Standard case (U; = U,, N; =N,), get ¢ =1 and R = 1: low-level ascent.

e Reversed flow aloft (U, = —U,, N; =N,), get ¢ =—1 and R = —1: low-level descent.

e Interesting resonances are possible for certain values of F; and ¢.

e Can features of the response (e.g., near-surface convergence, mid-level ascent or de-
improve. monsoon.org. uk scent, changes in CAPE, etc.) suppress or enhance convection offshore (x < 0)?
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