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How can we use geomorphic data to understand the
distribution and relative magnitude of these events?
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On Aug 6th 2010 a
‘cloudburst’
devastated the
region —single rain
gauge missed main
impact




Event reconstructed using TRMM and modelled
as a Mesoscale Convective System

Leh Flood Precipitation
(August 2-6)
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So true scale of storm events and hence their relative
magnitude difficult to assess from meteorology data

Wolff and Fisher, 2008, Am. Met. Soc.
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Leh Flood Precipitation
(August 2-8)
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Geomorphic data relocates highest impact storm to northeast of Indus River

Leh Flood Precipitation
(August 2-6)

Impact of
storm event
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But how significant was this event?
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x11 19Be samples

in valley

Cross-sectional areas
times total length for
each order flow yield a
volume flux incorporating
corrections for pre-event
flow gulleys and levees
equates to ~70 mm of
surface removal.

Tom Le Divellec, 25/07/2015




Apparent (post-event) erosion rate (mm/kyr)
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Detrital 1°Be derived erosion rates

Max erosion rate = 18 mm/kyr

/0 mm equates to ~3900 yrs erosion
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What is the depth of surface stripping required to correct apparent
concentrations?

s
=20 . . . —
\ #

E ‘ # -

& 5 : L’ -

o 10 L

2 Fa

E 15} Ofr ’ T
c .
9 Q@ A7

V)

O %

Q p )
+— 10F 7 e _
cC ,

v PRy

> p

V .

1 Ve

> 7

O / 10 .
2 5| ) i Be shift suggests average |
e e surface removal was 5-20 cm;

ra

v L7 comparable to volume flux of 7cm
© P #

Q ’
I L

0 1 1 1
0 5 10 15 20

Pre-event, background erosion rate (mm/kyr)



>80% of debris channels by length have
average depth of <16 cm (i.e. 1t and 2nd
order channels) generated on highest
slopes
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Conclusions

 Geomorphic data required to resolve short-
lived convective storms

e Lladakh 2010 mobilised a surface flux that
represents > 3000 yrs of background erosion

* Majority of flux sourced from numerous
shallow debris flow gulleys on steep slopes



Rain Gauge data across India, but poor in Himalaya
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Map out debris



Methodology

1) Map debris flows and establish a stream ordering

2) Width/depth scaling relationship established for 281
sites covering full range

3) Find average cross-sectional area for each stream
order by plotting cumulative frequency of streams
order and of channel cross-sectional area and
assigning the same proportionate division from the
channel orders to the cross-sectional areas. Also
cross-checked that assighed area/orders are correct
based known location of measurements.

4) Obtain slope corrected lengths from remote imager
for each order and multiply by average cross-
sectional area.



| Erosion rates (mm/yr)
derived from detrital
10Be in quartz

A flux equates to 800- .
\ ( L Vv"‘.x . '~,‘ -
23/ }3{) 4 1200yrs of eros:on
a o ot1 1 , 2l @ :
* Dortsch et aI 2011 ‘ _ S o,
‘..' \\ 3 “{ ) ’ i
Munack et al., 2014 =« \ /xﬁ' 2\ > '\ P (

X Now data TDERIAR V¢ % APLERN. O

4 G .‘
o
f

<
4 S o : v
SRR, Ty

v,
A



78° E 800 E

30°N

1 - Badrinath
% - p(/isgnuprﬁyag
TRMM (3B42 V7 derived) A~ Fusen e
(16-17 Jun 2013) mm/d 5 - Gangotri
T . 0 Z Duarkasn
7 - Devprayag
S & & & £ 8 - Rishikesh
S o R K R 2t . 9 - Haridwar
o) O N ‘19 rﬁ.) I Kilometers 10- Dehradun
78°E 80° E

Kedarnath, Uttarakhand, 2013 Devranietal., 2015, Geophys. Res. Letts



‘, Elevation
L (in meters)

Elevation

Gradient in Y space 1-Kedarnath | N B f::ffgsesrs)

2-Garuriya = [ ] 2888-3,710
® 02 4-6 3-Ghindurpani ®  ]3710-4402

4-Rambara | 4492-5,351
4 [ ]5351-6924

5-Gaurikund \ I Kilometers

2-4 @ 6-8

Devrani et al., 2015, Geophys. Res. Letts



2000
4500 35 40 45 50 55
£ 4000} =
o
'f:'« 3500 I 10m
o | Aggradation
© 3000F T Incision [
E’ 2500} 1-Kedarnath
L 2-Garuriya
3-Ghindurpani |
20007 4-Rambara
" . ) 5-Gaurikund
1998 5 10 15 20 25

Distance (in km)

Devrani et al., 2015, Geophys. Res. Letts



Mehta et al., 2012



1413-1980 (Wasson et al., 2013)



Conclusions

 Geomorphic analysis is the only technique
that yields high resolution reconstruction and

relative magnitude of extreme storm events in
Himalaya

* Ladakh and Uttarakhand events represent the
biggest events in last 1000-10,000 yrs.

* Does this represent a change to the system?
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Unaffected valley above Ney (Basgo)
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Debris flows from side valleys and widening and aggradation of main valley in Basgo
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Increased numbers of precipitation events based on weather stations
(Roy and Balling, 2006, Int. Jour. Clim.)

¥ Station with inadequate data
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BASGO 10Be samples:

BAS11

BAS5

BAS2

B6S7

B6S12

B6S13
BASGO-02-BGS7
BASGO-04-BGS12
BASGO-05-BGS13

34.30627
34.25405
34.26511
34.30627
34.25405
34.26511

77.33621
77.2935
77.29596
77.33621
77.2935
77.29596



