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Future projecBons of Arabian sea OMZ in downscaled regional (ROMS) 
simulaBons

Currently investigating the drivers of the 
Arabian Sea oxygenation in the downscaled 
simulations…

The Approach:
• ROMS climate change simulations (ROMS_CC) forced with OBS + CMIP5 anomalies
• ROMS projection = ROMS_CC – CTL
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Poor representation of 
mean state in CMIP5

Improved mean state 
in regional simulation

Downscaling:
BeOer strategy to study future projecBons of Arabian sea OMZ

ROMS_CTL

Regional ROMS 
simulations with observed 
present-day forcing (CTL)

All simulations with different resolutions 
indicate contraction of Arabian Sea OMZ, 

however with varying magnitude

µmol/l

WOA18: Annual OMZ (O2_200_700m_avg)WOA18: Annual OMZ (O2_200_700m_avg)WOA18: Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

ROMS_CTL: Annual OMZ (O2_200_700m_avg)ROMS_CTL: Annual OMZ (O2_200_700m_avg)ROMS_CTL: Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

CMIP5_HIST (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)CMIP5_HIST (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)CMIP5_HIST (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

CMIP5_RCP85 (MPI-ESM-LR): Annual OMZ (O2_200_700m_avgCMIP5_RCP85 (MPI-ESM-LR): Annual OMZ (O2_200_700m_avgCMIP5_RCP85 (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

CMIP5_RCP85 (MPI-ESM-LR): OMZ_response_AnnualCMIP5_RCP85 (MPI-ESM-LR): OMZ_response_AnnualCMIP5_RCP85 (MPI-ESM-LR): OMZ_response_Annual

40E 50E 60E 70E

0

10N

20N

30N

-50.00 -40.00 -30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 40.00 50.00

ROMS_CC (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)ROMS_CC (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)ROMS_CC (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

ROMS (MPI-ESM-LR): OMZ (CC-CTL) AnnualROMS (MPI-ESM-LR): OMZ (CC-CTL) AnnualROMS (MPI-ESM-LR): OMZ (CC-CTL) Annual

40E 50E 60E 70E

0

10N

20N

30N

-50.00 -40.00 -30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 40.00 50.00

ROMS_CASE1 (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)ROMS_CASE1 (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)ROMS_CASE1 (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

ROMS (MPI-ESM-LR): OMZ (CASE1-CTL) DJFMROMS (MPI-ESM-LR): OMZ (CASE1-CTL) DJFMROMS (MPI-ESM-LR): OMZ (CASE1-CTL) DJFM

40E 50E 60E 70E

0

10N

20N

30N

-50.00 -40.00 -30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 40.00 50.00

ROMS_CASE2 (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)ROMS_CASE2 (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)ROMS_CASE2 (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

ROMS (MPI-ESM-LR): OMZ (CASE2-CTL) ROMS (MPI-ESM-LR): OMZ (CASE2-CTL) ROMS (MPI-ESM-LR): OMZ (CASE2-CTL) 

40E 50E 60E 70E

0

10N

20N

30N

-50.00 -40.00 -30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 40.00 50.00

-50 -30 -10 10 30 50

WOA18: Annual OMZ (O2_200_700m_avg)WOA18: Annual OMZ (O2_200_700m_avg)WOA18: Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

ROMS_CTL: Annual OMZ (O2_200_700m_avg)ROMS_CTL: Annual OMZ (O2_200_700m_avg)ROMS_CTL: Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

CMIP5_HIST (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)CMIP5_HIST (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)CMIP5_HIST (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

CMIP5_RCP85 (MPI-ESM-LR): Annual OMZ (O2_200_700m_avgCMIP5_RCP85 (MPI-ESM-LR): Annual OMZ (O2_200_700m_avgCMIP5_RCP85 (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

CMIP5_RCP85 (MPI-ESM-LR): OMZ_response_AnnualCMIP5_RCP85 (MPI-ESM-LR): OMZ_response_AnnualCMIP5_RCP85 (MPI-ESM-LR): OMZ_response_Annual

40E 50E 60E 70E

0

10N

20N

30N

-50.00 -40.00 -30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 40.00 50.00

ROMS_CC (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)ROMS_CC (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)ROMS_CC (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

ROMS (MPI-ESM-LR): OMZ (CC-CTL) AnnualROMS (MPI-ESM-LR): OMZ (CC-CTL) AnnualROMS (MPI-ESM-LR): OMZ (CC-CTL) Annual

40E 50E 60E 70E

0

10N

20N

30N

-50.00 -40.00 -30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 40.00 50.00

ROMS_CASE1 (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)ROMS_CASE1 (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)ROMS_CASE1 (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

ROMS (MPI-ESM-LR): OMZ (CASE1-CTL) DJFMROMS (MPI-ESM-LR): OMZ (CASE1-CTL) DJFMROMS (MPI-ESM-LR): OMZ (CASE1-CTL) DJFM

40E 50E 60E 70E

0

10N

20N

30N

-50.00 -40.00 -30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 40.00 50.00

ROMS_CASE2 (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)ROMS_CASE2 (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)ROMS_CASE2 (MPI-ESM-LR): Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

ROMS (MPI-ESM-LR): OMZ (CASE2-CTL) ROMS (MPI-ESM-LR): OMZ (CASE2-CTL) ROMS (MPI-ESM-LR): OMZ (CASE2-CTL) 

40E 50E 60E 70E

0

10N

20N

30N

-50.00 -40.00 -30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 40.00 50.00

WOA18: Annual OMZ (O2_200_700m_avg)WOA18: Annual OMZ (O2_200_700m_avg)WOA18: Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

ROMS_CTL: Annual OMZ (O2_200_700m_avg)ROMS_CTL: Annual OMZ (O2_200_700m_avg)ROMS_CTL: Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

CMIP5_HIST (IPSL-CM5A-MR): Annual OMZ (O2_200_700m_avg)CMIP5_HIST (IPSL-CM5A-MR): Annual OMZ (O2_200_700m_avg)CMIP5_HIST (IPSL-CM5A-MR): Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

CMIP5_RCP85 (IPSL-CM5A-MR): Annual OMZ (O2_200_700m_avCMIP5_RCP85 (IPSL-CM5A-MR): Annual OMZ (O2_200_700m_avCMIP5_RCP85 (IPSL-CM5A-MR): Annual OMZ (O2_200_700m_av

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

CMIP5_RCP85 (IPSL-CM5A-MR): OMZ_response_AnnualCMIP5_RCP85 (IPSL-CM5A-MR): OMZ_response_AnnualCMIP5_RCP85 (IPSL-CM5A-MR): OMZ_response_Annual

40E 50E 60E 70E

0

10N

20N

30N

-50.00 -40.00 -30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 40.00 50.00

ROMS_CC (IPSL-CM5A-MR): Annual OMZ (O2_200_700m_avg)ROMS_CC (IPSL-CM5A-MR): Annual OMZ (O2_200_700m_avg)ROMS_CC (IPSL-CM5A-MR): Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

ROMS (IPSL-CM5A-MR): OMZ (CC-CTL) AnnualROMS (IPSL-CM5A-MR): OMZ (CC-CTL) AnnualROMS (IPSL-CM5A-MR): OMZ (CC-CTL) Annual

40E 50E 60E 70E

0

10N

20N

30N

-50.00 -40.00 -30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 40.00 50.00

ROMS_CASE1 (IPSL-CM5A-MR): Annual OMZ (O2_200_700m_avg)ROMS_CASE1 (IPSL-CM5A-MR): Annual OMZ (O2_200_700m_avg)ROMS_CASE1 (IPSL-CM5A-MR): Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

ROMS (IPSL-CM5A-MR): OMZ (CASE1-CTL) DJFMROMS (IPSL-CM5A-MR): OMZ (CASE1-CTL) DJFMROMS (IPSL-CM5A-MR): OMZ (CASE1-CTL) DJFM

40E 50E 60E 70E

0

10N

20N

30N

-50.00 -40.00 -30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 40.00 50.00

ROMS_CASE2 (IPSL-CM5A-MR): Annual OMZ (O2_200_700m_avg)ROMS_CASE2 (IPSL-CM5A-MR): Annual OMZ (O2_200_700m_avg)ROMS_CASE2 (IPSL-CM5A-MR): Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

ROMS (IPSL-CM5A-MR): OMZ (CASE2-CTL) ROMS (IPSL-CM5A-MR): OMZ (CASE2-CTL) ROMS (IPSL-CM5A-MR): OMZ (CASE2-CTL) 

40E 50E 60E 70E

0

10N

20N

30N

-50.00 -40.00 -30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 40.00 50.00

WOA18: Annual OMZ (O2_200_700m_avg)WOA18: Annual OMZ (O2_200_700m_avg)WOA18: Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

ROMS_CTL: Annual OMZ (O2_200_700m_avg)ROMS_CTL: Annual OMZ (O2_200_700m_avg)ROMS_CTL: Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

CMIP5_HIST (GFDL-ESM2M): Annual OMZ (O2_200_700m_avg)CMIP5_HIST (GFDL-ESM2M): Annual OMZ (O2_200_700m_avg)CMIP5_HIST (GFDL-ESM2M): Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

CMIP5_RCP85 (GFDL-ESM2M): Annual OMZ (O2_200_700m_avCMIP5_RCP85 (GFDL-ESM2M): Annual OMZ (O2_200_700m_avCMIP5_RCP85 (GFDL-ESM2M): Annual OMZ (O2_200_700m_av

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

CMIP5_RCP85 (GFDL-ESM2M): OMZ_response_AnnualCMIP5_RCP85 (GFDL-ESM2M): OMZ_response_AnnualCMIP5_RCP85 (GFDL-ESM2M): OMZ_response_Annual

40E 50E 60E 70E

0

10N

20N

30N

-50.00 -40.00 -30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 40.00 50.00

ROMS_CC (GFDL-ESM2M): Annual OMZ (O2_200_700m_avg)ROMS_CC (GFDL-ESM2M): Annual OMZ (O2_200_700m_avg)ROMS_CC (GFDL-ESM2M): Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

ROMS (GFDL-ESM2M): OMZ (CC-CTL) AnnualROMS (GFDL-ESM2M): OMZ (CC-CTL) AnnualROMS (GFDL-ESM2M): OMZ (CC-CTL) Annual

40E 50E 60E 70E

0

10N

20N

30N

-50.00 -40.00 -30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 40.00 50.00

ROMS_CASE1 (GFDL-ESM2M): Annual OMZ (O2_200_700m_avg)ROMS_CASE1 (GFDL-ESM2M): Annual OMZ (O2_200_700m_avg)ROMS_CASE1 (GFDL-ESM2M): Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

ROMS (GFDL-ESM2M): OMZ (CASE1-CTL) DJFMROMS (GFDL-ESM2M): OMZ (CASE1-CTL) DJFMROMS (GFDL-ESM2M): OMZ (CASE1-CTL) DJFM

40E 50E 60E 70E

0

10N

20N

30N

-50.00 -40.00 -30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 40.00 50.00

ROMS_CASE2 (GFDL-ESM2M): Annual OMZ (O2_200_700m_avg)ROMS_CASE2 (GFDL-ESM2M): Annual OMZ (O2_200_700m_avg)ROMS_CASE2 (GFDL-ESM2M): Annual OMZ (O2_200_700m_avg)

40E 50E 60E 70E

0

10N

20N

30N

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

ROMS (GFDL-ESM2M): OMZ (CASE2-CTL) ROMS (GFDL-ESM2M): OMZ (CASE2-CTL) ROMS (GFDL-ESM2M): OMZ (CASE2-CTL) 

40E 50E 60E 70E

0

10N

20N

30N

-50.00 -40.00 -30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 40.00 50.00

GFDL IPSLMPI

200-700 m 200-700 m 200-700 m

Ex
pa

nd
in

g
Sh

rin
ki

ng

Sensitivity to model resolution

MPI
GFDL
IPSL


