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Deuterium excess in arid zone hydrology
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Monitoring and modeling

Definition: d=6°H-86'°0 (Dansgaard,1964)

Affecting factors: vapour source, relative humidity, SST, wind speed

Theoretical relation using
Craig and Gordon, 1965
and global closure:

—— Merlivat and Jouzel, 1979
— Uigm=omis

== Merlivat and Jouzel, 1979
U‘] 0m:1 Oml’s

Pfahl and Wernli, 2009
100% soil evaporation

= Pfahl and Wernli, 2009
40% soil evaporation
60% transpiration

Empirical relation
— Pfahl and Wernli, 2008 (Aemisegger, 2014)




BNIW: Beijing Network of Isotopes in Waters
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Precipitation Groundwater

Precipitation: event-based, in operation since 2014

Groundwater: sampling in the wet season (September) and in the dry season (April)



Precipitation stations and instruments

The amount of precipitation
(P, mm), temperature (T, °C),
relative humidity (RH, %),
and so on are measured at
each observation station.

Automatic temperature Microclimate instrument

and humidity recorder



Eventful monitoring of isotopes in precipitation
in Tianshan Mountains

Meteorological station

Urumchi station
(918 m)

Monitoring stations at various elevation in
the Tianshan Mt. (Pang et al., 2011, Tellus B)
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The extreme storm event in Beijing on 21 July 2012

The heaviest rainfall in 6 decades fell in Beijing on 21 July 2012 with a
record-breaking amount of 460 mm in 18 h. Part of the city was heavily
flooded, causing casualties and loss of properties.

Beijing

Distribution of rainfall amount in 24 hours (21 -22 July) (Lietal., 2015)



The extreme storm event in Beijing on 21 July 2012

Our sampling at
Shihua Cave (39.788N,
115.938E) is just
located in the center of
this extreme storm.
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180 variations
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Three rainfall processes are indicated :
» single-vapor source rainfall (stage 1)
» mixing of two vapor sources (stage 2)
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» double-vapor source rainfall with strong rainout effects (stages 3 and 4)

(Li et al., 2015)



Identification of moisture sources
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29% of the initial moisture was precipitated in stage 1, Two different moisture trajectories
and 56% of moisture was precipitated in stages 3 and 4. \ obtained from HYSPLIT at 0400 and
1600 LT 21 Jul 2012.

¢ Stage 1 < Stage 1

o Stage 3
A Stage 4

o Stage 3
A Stage 4

The isotopic composition was reconstructed using the Rayleigh depletion model, which

demonstrates that the rainout effect is the dominant process during the rainfall event,
except during stage 2.




D-excess and moisture sources in the 721 storm event

-

’ Stage 1 { [Smge 2 Stage 3
14 | '
12 ! : -

_—

= T

10

'

|}

=3
—

0 - -y A m—} 2 T r
09:00 11:00 13:00 15:00 17:00 19:00 21:00 23:00 01:00  03:00
07/21 07/22

time

During stage 2, deuterium excess remains around 10, suggesting back-
building as the source of warm moist air, which was probably extended from
offshore areas westward over Beijing.

Two moisture sources were identified for the storm event, comprising a

southwest trajectory and a southeast trajectory.
(Li et al., JHM, 2015)
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Tarim Basin in Xinjiang Uygur Autonomous region
is one of the driest regions in the world

%

Kazakhstan i . UNEP Aridity Index

Hyperarid
Arid

Semiarid

Dry Subhumid
Humid

Cold

. I’2"011 Era Techn
Viy 7 -
, 7L HPUSDepeTls atelGe 7
#, ; o 7% - 91011 GeocentrelConsulting i

I 7 e - £ 032011 Mapabcicomg 3
A o . SO S treaming| 11111115100 % Kl




Climate change in Xinjiang is strong-causing glaciers
to be quickly reduced...

Rising in precipitation

Temperature change
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The region Is sensitive to climate change, which has been
recorded in rivers in the north and south regions, respectively,
and heavy floods take place some times during the summer.

Runoff (10B m3/a)
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Urumgi and Kumalak Rivers in north Kumalak River in Sourthern Xinjiang
and Sourth Xinjiang, respectively. Increases by




Precipitation isotopes affected by local processes

Through the
comparison between | | Gk i
O-18 and d-excess, s, Voigurg_recyclng  evaporatio
k<] 4 \ ~
three processes can N ,/ e 2 A .
identif T @y / s
be identified, namely ~

adibiotic cooling,
moisture recycling
and sub-cloud
evaporation in
shaping precipitation
Isotopes in Tianshan
mountains.
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(Pang et al., 2011, Tellus B)



The inverse altitude effect of deuterium excess

d excess (%o)

Villacher Alpe 2140 mas.|

Bad Bleiberg 904 mas.l.
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Limit of artic moisture : North Xinjiang but not south

Altay mountain "> : | 3 sy Altay Mountain
' 2 %7 MLl okl TJagmpn 437"

No seasonal changes of isotopes and d excess
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(Tian et al., 2007)

Eastern Tianshan
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0
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(Zhao et al., 2008) (Pang et al., 2011)
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Using d-excess to quantify recycled moisture

P=P,+P,
N Evaporatian Terrestrial d= defe+ da(l'fe)
‘. surface
| \ N
Fl i : =
| M A Terrestrial \ f = d da
i ' i source area e d -d
e “a

P: precipitation

d: d-excess

P.: precipitation from

local moisture

d.: d-excess of P,
Oceanic P,: precipitation from

Oceanic \‘\fourcearea W0 _9:""' external moisture

surface e R d,: d-excess of P,

(Pang et al., 2005)



The calculation of “f” factor

% .
7 Evaporation loss: V,, .t

Er
Vevap :4nrD(1+?)(pa _pb) -

where, P iIs precipitation amount; V,,,,Is evaporated velocity of precipitation ;
t is falling time of water droplet, which depends on average falling rate of
droplet(V) and falling elevation(H):

t=H/V

vap

V:9.58{1-exp[-(Wr%)1'147]}

where, ris the radius of water droplet (Kong et al., 2013)



The calculation of d,

There is almost no sub-cloud evaporation and mositure
recycling for precipitation below 0°C!
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b=

d, =-0.52T + 11.6
where T Is average temperature

-25
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(Kong et al., 2013)

* Houxia 0-18 © Goashan O-1B = Houxia dexc —=— Goashan dexc



Recycled fraction in Precipitation

The precision of the d
excess method
computed by Monte-
Carlo simulation is
less than 1%.

Recycling fraction (%)

8% is less than the
global average.
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(Kong et al., 2013)



Data points of water isotopes plot over the GMWL in the
Northwest China affected by moisture recycling

Precipitation

Basin Groundwater

Basin River

Mountainous Groundwater
Mountainous River

——LMWL
y=6.8x-1.6

(Kong and Pang, 2016, JH)
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D-excess in determining sources of water salinisation

Previous study: 8'80(62H)-TDS only works for the condition of same
Isotope composition in original water, not including watersheds scale

d-TDS has less to do with original isotope composition

A1, B1, C1:initial water
A2, B2, 6 C2: sampled water
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(Huang and Pang, 2012)



D-excess in determining sources of water salinization
The relationship between f and d

d =6H -8°0
el LEIGENO = (R/R oo — 1) 1000

Rayleigh fractionation:  |ielaif kel hel

d = (5, 2H +1000) f "D —8(5,*%0 +1000) f “° + 7000

(Huang and Pang, 2012)



D-excess in determining sources of water salinisation

The relationship beween f and TDS

mineral dissolution
and/or transpiration

D
volume: 1 evaporation r

salinity; S, ; volume: f
S/-S, | salinity: S

(S,d) initial water gvapo-concentrated water
= T (source water) {sampled water)
sample

S=S,+(S/-S)+D

0)

. initial salinity: S,/S
|  mineral dissolution
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» andlor transpiration < avapoconcentration: (S,/f-S)/S=S (1-1)/(Sf)

T ITrrmy TTTTTTTM
| 10 100 _mineral dissolution s o 1/5-1.3 /(S
TDS (g/L) andlor transpiration:

Contribution ratio

Evaporation and condensation :  [EYARSHIEEERIERBIERH
Dissolution (or transpiration): (s—so/f)/s=1-s,/(s-f)

(Huang and Pang, 2012)



The Tarim river salinization case study

source stream
river
lake and reservoir

modern groundwater
pre-modern groundwater

Qiala and Daxihaizi
water reservoirs

/,x"'o’riginal 180/°H composition changed greatly:
180 (-11.2%0"’-7.8%0)
8°H (-78.9%0~-54.0%)
original d-excess changed a little:
the average d is 9.9%.
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(Huang and Pang, 2012)



The Tarim river salinization case study

source stream

river

lake / reservoir
pre-modern groundwater
modern groundwater

80 [TarimR. &
Kongque R, AABL

D source stream
QL&DX river

lake / reservior
pre-modern groundwater
modern groundwater

60

H
o

Deuterium excess (%,)
N
o

——
=]
o~
S—
| o=
O
—
(0
—
(=R
w
=
4]
[
..
—
o
——
e
=
Y

o

o
—
=

o

w
D
O
©

—

Leh)
=

=
(-

o

| -

o
e

=
L
-

—

<

o
o

T 10
TDS (g/L) TDS (g/L)

o
e

(Huang and Pang, 2012)

The dissolution account for 67%~77% of the total salinisation



Conclusions

High frequency eventful monitoring

of precipitation isotopes in Beijing

and Xinjiang has offered new insights et
into complicated processes in arid _
regions. 4 ;
D-excess has been found useful in:
Identification of Different Moisture
Sources; Quantifying recycled
moisture fraction in precipitation;

Determining the water salinisation i

mechanism
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http://www.igg.cas.cn/drzyyjzx2017/index.html

