
Marielle Geppert1, Stephan Pfahl2, Ulrich Struck3, Ingo Kirchner2, Elisha Shemang4, Kai Hartmann1, and Frank Riedel5

Dr. Kai Hartmann (HA 4368/3-1)
Prof. Dr. Frank Riedel (Ri 809/34-1)

Marielle Geppert
marielle.geppert@fu-berlin.de

Contact: 

PI:

1Institute of Geographical Sciences, Freie Universität Berlin, Berlin, Germany    2Institute of Meteorology, Freie Universität Berlin, Berlin, Germany    3Museum für Naturkunde - Leibniz Institute for Evolution and Biodiversity Science, Berlin, Germany
4Department of Earth and Environmental Sciences, Botswana International University of Science & Technology,  Palapye, Botswana    5Institute of Geological Sciences, Freie Universität Berlin, Berlin, Germany

-50

-25

0

25

50

-5 0 5 10

Groundwater

Lake

Ocean

Precipitation

River

Sample Type
GMWL

ALMWL

δ18O [‰]

δ2
H

 [‰
]

following referred to as the start point (t =0 h), while the
earliestpoint iscalledendpoint(t= 54hinthisexample).
Thedashed blue linegives theevolution of theair parcel’s
specific humidity (q).TheDq0 barsabovethethinblueline
denote moisture increase (Dq0 0 ),andb el owa mo i sture
decrease (Dq0 0 )duringa 6h t ime i nterval :

Dq0 tðÞ¼q~x tðÞð Þ q~x t 6hð Þð Þ; ð2Þ

where the superscript 0 indicates that this is a total
diagnosedmoisturechangeatasourceregion (ascompared
toaweightedvalue,seesection2.2below),and~x(t)denotes
theparcel position at time t. It is assumed that when an air
parcel enters the boundary layer, turbulent fluxes can
exchange moisture between the air parcel and the
surrounding boundary layer air Hence if a Lagrangian

time (Figure 1, label 4). In rough agreement with the
parameterizations of theECMWF model, it is assumed that
clouds exist and precipitation falls whenever a relative
humidity threshold of 80% is exceeded. The amount of
precipitation at the target area is diagnosed from the
de rease in Dq0

Wernli
Jamesetal. Sodemann

et al., 2006].
[12
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Figure1. Sketchof themethod for identifyinguptakesalongabackward trajectory of anair parcel on
the way from the Atlantic ocean to Greenland (black line). Time before arrival is given at the top. q
(dashed line), specific humidity in the air parcel (g kg 1);Dq0, changes in specific humidity of an air
parcel between two timeintervals;BLH, boundary layer height. Thick bluesectionsalong thetrajectory
denote sections of moisture increase, and red arrows are identified evaporation locations.
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Ranges:
   δ18O:     -7.61   –    9.38
   δ2H:      -48.40   –    40.18
   D.exc:   -52.54   –    25.99

 (adapted after Chevalier & Chase, 2016)
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Identification of source-sink relationships in southern Africa by stable 
water isotopes analyses and Lagrangian moisture source diagnostics

Aims

Methodological Approach

Preliminary Conclusions

Preliminary Results

 ?  Identify principal moisture source areas for precipitation over southern Africa 
 ?  Assess influence of different transport patterns on the isotopic composition of precipitation

  !  Derive a modern analogue for palaeoclimate isotope studies in this region

Transport patterns related to: ITCZ, SE trades, Westerlies, a high pressure area above Angola

Effects of topographical forcing clearly visible in isotopic composition
Partly strong influence of evaporation on isotope ratios of rain droplets and surface waters

Detection of moisture uptake locations
 - Based on variations in specific humidity along the backward
   trajectories

Calculation of 
Lagrangian backward 
air parcel trajectories 
 - Using LAGRANTO
   (Sprenger & Wernli
    2015) 
 - Based on ERA5 
 - Tracing back 
   10 days with
   3h timesteps

 (Sodemann et al. 2008)
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Collecting different types of water samples 
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Analysis of modern stable water isotope compositions 
(δ2H and δ18O)

 -  Arid/humid 
    vapor source
 -  Evaporative 
    loss

Estimation of moisture sources contributing to precipitation by: 

(1)

(2)
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2-day backward trajectories of selected 
samples from the different zones of 
seasonal rainfall dominance showing 
transport pathways related to:
 
 -  Westerlies 
    (blue and partly purple traj.           ) 
 -  SE trades 
    (red traj.      )
 -  A high pressure area above Angola
    (yellow traj.       )
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