
For this study, MPI-ESM has been continued from simulations without isotopes
included, which have been run into equilibrium using identical boundary
conditions. We have performed PI, 6k and LGM simulations of 200 years each
in T63/GR15 configuration (horizontal resolution of 1.88° and 1.5° for the
atmosphere and the ocean respectively) and consider here the last 100 model
years for our analyses. All our simulations follow the PMIP4 protocol.

For the validation of MPI-ESM-wiso, we compare model values to several
available observational dataset (GNIP and GISS database, ice core and calcite
speleothem data).

The 6k simulation is as the PI simulation, but with Mid-Holocene orbital and 
radiative active trace gas forcing. For the LGM simulation, the isotopic results 
are preliminary and we prescribed an oceanic glacial increase in !18O of +1‰.

The deuterium excess is defined as dex = !D ! 8 " !18O. This second-order parameter signal of the evaporation flux 
from the ocean surface is mainly influenced by the relative humidity above the ocean surface and the water 
temperature during evaporation.

MPI-ESM-wiso reproduces reasonably well the distribution of annual mean !18O in precipitation and in ocean surface
water for PI conditions.
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Water stable isotopes (H2

16O, H2
18O, HD16O) are integrated tracers of climate

processes occurring in various branches of the hydrological cycle. The explicit
modeling of these isotopes in GCMs allows to evaluate their performance and to
study the past and present-day hydrological cycle evolutions. Here we present
the first results, under pre-industrial (PI), Mid-Holocene (6k) and Last Glacial
Maximum (LGM) conditions, of the ongoing implementation of water stable
isotopes in the fully coupled Earth system model MPI-ESM (release 1.2.01
“CMIP6”), called hereafter MPI-ESM-wiso. It includes the atmospheric model
ECHAM6, the dynamic vegetation module JSBACH and the ocean/sea-ice
module MPIOM.
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The simulations of water isotopes with 
the new coupled model MPI-ESM-wiso
are promising. The next step is to 
produce long steady-state isotopic 
climate simulations of the different time 
periods presented here. 

As a part of the PalMod initiative, this 
work will be an important contribution to 
the Paleoclimate Modelling 
Intercomparison Project. Indeed, the 
models with an explicit water stable 
isotope diagnostics make it possible to 
perform direct comparisons, at different 
time periods, with environmental records 
and to reduce the uncertainties resulting 
from the interpretation of these records in 
terms of climate signals in model-data 
comparisons.
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The spatial !18Op/T relationship under PI
conditions is very well simulated by
MPI-ESM-wiso (a). In most of the grid
cells, the simulated temporal LGM-PI
!18Op/T gradient is below the modern
spatial one (b).
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For this study, after a spin-up period of 2 years, a control run simulation of 10 
years at a T63 horizontal resolution (1.88°) and with 47 vertical layers has been 
performed.  The  soil  moisture  in  JSBACH is  represented  by  a  single  bucket 
scheme.  For  the  validation  of  ECHAM6-wiso,  we compare  model  values  to 
several  available  observational  dataset  and  to  the  previous  model  release 
ECHAM5-wiso (at the same horizontal resolution but with 31 vertical layers):

-! For the global validation of ECHAM6-wiso, we use the Global Network of 
Isotopes in Precipitation (GNIP) [1].

-! As the ice cores in Antarctica provide an unique archive of past climate, and 
that this area constitutes an extreme test for isotope-enabled GCMs, we make 
use of the Antarctic observational database compiled by [2].

-! As we want to compare our results with those from ECHAM5-wiso, the same 
climatological boundary conditions have been prescribed, including the mean 
monthly  AMIP sea-surface  temperatures  and  sea-ice  cover  for  the  period 
1960–1990. Potential improvements in simulating the stable water isotopes 
signal due to overall enhancements between ECHAM5 and ECHAM6 can be 
expected  (treatment  of  shortwave  radiative  transfer,  new  surface  albedo 
representation,  new aerosol  climatology,  height  of  the  model  top,  a  more 
complex representation of the land surface, etc.).

ECHAM6-wiso  improves  the  modeling  of  the  isotopic  composition  of 
precipitation over Antarctica.

ECHAM6-wiso reproduces reasonably well the present-day distribution of annual mean !18O in precipitation (!18Op). Improvements can be expected by prescribing the 
more complex 5-layer soil hydrology scheme instead of the single soil moisture reservoir.
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Water stable isotopes (H2

16O, H2
18O, HDO) are well-known tracers of the past 

and present-day hydrological cycle. A key tool to improve our understanding of 
water isotopes in the Earth’s hydrological cycle are general circulation models 
(GCMs) with an explicit diagnostics of stable water isotopes. Here we present 
the Þrst  results  for  present-day conditions  of  the ongoing implementation of 
water stables isotopes in the latest version of the ECHAM atmospheric GCM, 
ECHAM6,  enhanced  by  the  JSBACH  interactive  land  surface  scheme 
(ECHAM6-wiso). 

This study represents the Þrst step of the incorporation of water stable isotope 
tracers in all components of the fully coupled Earth system model MPI-ESM. 
The project is part of the PalMod initiative (“Paleo Modelling: A national paleo 
climate  modelling  initiative”),  funded  by  the  German  Federal  Ministry  of 
Education and Science (BMBF).
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The simulations of water isotopes with the new atmospheric model ECHAM6-wiso are promising. Further tests concerning the implementation of water isotopes in the 
new soil scheme (5-layer soil hydrology scheme) are necessary. The next step is to implement these isotopic tracers in the oceanic component MPI-OM to be enabled 
to simulate water isotopes with the fully coupled model MPI-ESM.
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Stress Perturbations along Sumatra Island due to Mega-Earthquake Occurrences
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A large earthquake plays an important role in perturbing the stress 

properties e.g., maximum stress orientation, stress loading and relaxation 

zone [1,2]. 

According to the cumulative seismicity rate along Sumatran subduction 

based on International Seismological Centre (ISC) Bulletin, it shows that there 

are 4 great earthquakes (Mw > 8) i.e., 2004 Sumatra-Andaman event, 2005 

Nias-Simeulue event and twin events of 2012 off west coast of Sumatra.  

Regarding this issue, it becomes an interesting issue for identifying the in-situ 

stress properties and its evolution due to mega-earthquakes occurrence. 

As a result of this study, we expect our outcomes could be used to better 

understand about the mechanisms of stress rotation due to great earthquake 

in order for assessing the post-seismic hazard analysis.

Methodology : stress inversion and Coulomb stress changes

In this study, we first apply the stress inversion to retrieve the principle in-situ 

stress orientation prior and after 2004 event within some segments defined 

from seismogenic volume. We run the stress inversion using iterative joint 

inversion technique proposed by [3] which applied on 652 focal mechanisms 

catalog compiled by Global CMT and ISC. Based on cumulative seismicity 

rate (Figure 1), we divided the time period into two intervals i.e., from June 

1976 to November 2004 (background rate) and from December 2004 to 

August 2017 (After 2004 event)

For modeling the stress changes, we used the co-seismic slip data from 

[4,5,6] to produce static Coulomb failure stress (∆CFS) model of each great 

earthquake. We utilized COULOMB3.3, an open-source software from USGS 

for computing the stress changes following a fault slip [1,2]. 

Cumulative Seismicity Rate and Focal Mechanisms DistributionIntroduction and Motivation

The evolution of maximum stress orientation after 2004 earthquake exhibited 
remarkable changes on segment B and D (see Table 1 and 2) with the difference of 
orientation approximately ~30° and ~16° respectively. 

The acuracy of stress inversion depends on the number of focal mechanisms 
inverted and on the noise level in the data [3]. Thus, the inversion results on 
Sumatran fault (segment F and G) could possibly yield uninterpretable result due 
to low data quantity.

Stress Inversion Result

∆CFS models of large earthquake showed that most of the aftershocks focal mechanisms distribution consistent with the area of 
increased ∆CFS and few aftershocks focal mechanisms occurred on stress shadow zone.

Coulomb Failure Stress (∆CFS) Model

To better understand the influence of mega-earthquake in perturbing the background stress orientation, we calculated 
co-seismic principal stress orientation and found that the 2004 and 2012 events yield a difference direction supporting the 
result of stress inversion after mega-earthquake.

Mainshock Principal Stress Orientation

Conclusion

Principal stress orientations estimated in this study adequately reveal the changes in maximum stress orientation after 
the occurrence of mega-earthquake. The most noticeable changes lie within segment B and D which suggesting the 
rotation of maximum stress direction point out the location of the corner of Sumatera Island and the surrounding of Nias 
Island.

The high stress accumulation of ∆CFS models seems to support the rupture propagation of co-seismic slip. Based on 
the analysis of mainshock principal stress orientation, it shows the difference of background stress orientation in 
respect to the co-seismic stress orientation. This difference indicates that large earthquake could possibly perturb the 
background stress field in Sumatra subduction evinced from alike pattern of stress orientation after 2004 event.

Future Works

Propose accurate fault plane solution from seismogenic zone based on Mohr-Coulomb 
criterion

Modeling Coulomb stress transfer for background rate and after large earthquakes 
occurrence using proposed fault plane solution

Mapping future event zones according to existences of mega-earthquake (Mw > 8) 
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Tabel 2. Stress inversion evolution toward 2004 Sumatra-Andaman earthquake 

Tabel 1. Stress inversion result from background rate
Prior 2004 Event

After 2004 Event

2004 Event 2005 Event 2012 Event 2004 Event 2005 Event 2012 Event


