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Climate change and ocean

GLopaL TEMPERATURE TRENDS

Surface Troposphere
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Global Thermo hal ine 1, thermal forcing, when water is cooled and sinks, and

. P 2, haline forcing, when excess precipitation makes
Cinriilatian S \ .
circuiarvion. water iess dense, and thus resistant to sinking.

Global Conveyor Belt
Driven by the

sinking of cold,
saline water

with "Atlantic deep
circulation”
plays an important |
present climate. |

http://science.howstuffworks.com/ocean-current3.ht
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Global Carbon Budget

Flux of Carbon (Pg C/yr) Ocean uptake

~2.4 PgCyr-!
Mainly biological

Y
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- Emissions from fossil fuel

. Net release from land-use change
|:| Unidentified sink

. Oceanic uptake

- Atmospheric accumulation

Releases

A small fraction of
carbon-flow through
the ocean system
So variability can
have a big effect on
balance

Accumulations

| | | | | | 1 1 | |
1850 1865 1880 1895 1910 1925 1940 1955 1970 1985 2000

-1

http://www.whrc.org/carbon/missingc.htm
Unidentified sink of 2.1+/-1.1 PgC/yr needed to balance budget
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+ Objectives and Backgrounds

+ Development of TaIwan Multi-scale
Community Ocean Model (TIMCOM)
- http://efdl.as.ntu.edu.tw/research/timcom
- North Atlantic Ocean Modeling System
- North Pacific Ocean Modeling System

* Parallel Domain-decomposed TIMCOM (PD-
TIMCOM)

- Parallel EVP solver
- Preliminary results

* Summary
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Objectives

» Building a high performance, multiple-
grids global ocean circulation model for
global ocean climate study in an Earth
System Model Framework

* Resolving multi-scale dynamics with the
most efficient two-ways coupling
approach (serial code) or parallel solver
(parallel code) in high accuracy

» Studying the Pacific ocean climate

» Investigating the regional circulation in
the vicinity of Taiwan
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Taiwan Earth System Model
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MEDINA model: Bathymetry (km) and sub-
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® 4t order accurate, Z-level, rigid-lid approximation
Mixed Arakawa "a" and "c" grid TaiCOM
® The control volume equations include fluxes of the conservation of
momentum, heat and salt across control volume faces.
® Bathymetry:
® Interpolated from unfiltered ETOPO2 depth data
® Supplemented with NCOR's 1-minute high accuracy depth archive.
® The vertical resolution ~ linear-exponential stretched grid, 26 layers

® 7-=6,20, 36,54,75,98, 126,159, 198, 244, 298, 364, 442,537, 652,
790, 958, 1161, 1408, 1709, 2075, 2520, 3063, 3725, 4532 m.
® Varying latitude and uniform longitude grid (Mercator grid).
® Surface forcing:
® Use interpolated monthly Hellerman and Rosentstein winds (Hellerman and
Rosenstein, 1983).
® Use Levitus'94 climatology (Levitus and Boyer, 1994) to initialize the model
and determine its surface sources of heat and fresh water.
® The northern boundary is closed. The southern boundary condition (30°5S)
is slow nudging toward climatology in a sponge layer. The bottom is
idnsula’red, with non-slip conditions parameterized by a nonlinear bottom
rag.

® Sub-grid scale vertical mixing is parameterized by eddy diffusivity (for
temperature and salinity) and viscosity (for momentum) using a modified
(Rligg%dson number based approach based on Pacanowski and Philander
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Theory, observation and modelling
Strait of Gibraltar domain

37 6

Annual averaged sea
+ surface height and

R Ny velocity vectors (1000m)
34.5 -6

N velocity maximum L

B is 48.9 cm/s 4 Dietrich et al. (2008)
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Theory, observation and modelling

Strait of Gibraltar domain
Western Alboran Gyre (WAG)

Atlanti

/ region // Curren t

Figure 3. Sketch of the upper circulation (0-200 m) in
the western Alboran basin. The surface Atlantic cur-
rent, characterized by a salinity minimum, may enter
into the western Alboran gyre (WAG) crossing the iso-
lines of dynamic hetght anomaly produced by the deeper "'r = __-!u_ 1 -‘7. ,,-_J ay 3 '-l}. |_
density gradients of the gyre. After mixing briefly with
water in the core of the WAG, this surface Atlantic cur-
rent leaves the WAG through the impinging region on
the African coast.

Viidez, Pinot and Haney (1998)
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NPB (North Pacific Basin) Domain:

DLIC1| ar.,d PGCIflC 30°S to 60'N and 150°F to 80'W
grid resolution 1/4°
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General seasonal circulation pattern-DUPOM
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+ Objectives and Backgrounds

+ Development of TaIwan Multi-scale
Community Ocean Model (TIMCOM)
- North Atlantic Ocean Modeling System

- North Pacific Ocean Modeling System

* New Parallel Domain-decomposed TIMCOM
(PD-TIMCOM)

- Parallel Error Vector Propagation (EVP) solver
(Tseng and Chien, 2011, C&F)

- Preliminary results
* Summary
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* To solve the pressure correction
equation in OGCMs with hydrostatic
approach, an efficient Poisson equation
solver is needed.

([ 0%u  d%u
_|_
dx?  dy?
Boundary Condtion

=0

A,

- In a finite difference discretization

form

5x ? Sy ? "
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. Choos an initial guess
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* To establish the linear relation between vector along ¢;;in
terms of e, ;, We obtain the recursion relation for the
error propagation.

N ¥
€ =261+ 5)( TS (ei—l,j +ei+1.j)_ei.j—1

10p% % X% Periodic BC |- 101% % Periodic BC
ol % Dirchlet BC s Dirchlet BC

9 X initial guess |- 9x ; marching point [
- With this S - | % initial guess

] R T T R ERERREE 1 R EEEEEE RS
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linear system of
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Stabilized Error Vector Propagation Method

- However, EVP will failed because influence matrix can't afford
the round-off error.

marching
large error

10 % x-x Periodic BC [
X Dirchlet BC
Il % nitial guess |]
4
X

R ui,+1,j - 2Ui’,zj +U; 1] ui,,j+1 - 2ui’.2j + ui’,j—l -y
OX. oy ’

i1l We may apply the residual at
il |1 blue point, take the influence
liwsxxnnsldl  matrix product and march
ol sn sk a4 again to get correcfgd
i iiss:.4 interiorinitial condition (IC).
it
3l s Periodic BC
Lo % el The error of EVP will not
ol % mae==1 blow up enough block along y

6 8 10

direction is applied.
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Parallel Implement to SEVP

* Requirement of differential operator.

* Use of ghost-cell to compete the

scheme.

10 b -3

ghost cell

Dirchlet BC
initial quess ||
F.D. Scheme ||

2

4

B 8 10

ghost cell

Dirchlet BC
initial guess ]
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....................................
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2
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Decomposed matrix product,
colorful point denotes the
vertical processor and solid
line denote the horizontal
processor.
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Platforms for parallel
performance test

Platform CPU ionel Network
cores
IBM Woodcrest 3.0GHz .
C1350 (dual-core x2) 4096 |l InfiniEana
Cray XT5 OFVEREN 2482 (50 | pegs SeaStar
core x2)
IBM Intel Nehalem 2.67GHz .
iData Plex | (quad-core x2) S0 il

Yu-Heng Tseng HC/EFDL, NTU (e
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FS: simulation time

EVPC: Communication in EVP solver
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Total time (hour)

—
o

10

One year 1/4'x 1/4” global simulation

i8]
T

~6~IBM cluster350|

= Q- Cray XT5
=#-|BM iDataPlex

number of cores

Roughly 10 CPU hrs/per

simulation year

Speedup

Parallel speedup

FS: all computation
NC: full computation without
the communication

Overall speedup

T T T T T Fa
—6— FS(c1350) //
L= Qum FS(XD) b ;,;,f ....... .
' 4 \o
-©-NC(c1350) | e
0 NC(X5) Ve

5 10 15 20 25 30

number of cores
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60

1/4" x 1/4 global r'esolu’rlon (domam 1442x720x26)

40

N
o

Latitude(')
o

-20

408
0 50 100 150 200 250 300 350
Y
0 20 40 60 80 100 120

Global velocity speed field (day 5, Year 49)

Yu-Heng Tseng HC/EFDL, NTUNG




1/4° x 1/4° global resolution (domain 1442x720x26)
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Time evolution of globally averaged Total Kinetic Energy and

potential temperature
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Near-surface Eddy Kinetic Energy
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Meridional overturning streamfunction and
global heat transport
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Animation of global surface velocity speed
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The mean Gulf Stream IR northwall pathway t1o
Gu I f ST ream (standard deviation) by Cornillon and Sirkes
Mean Sea Surface Height Standard deviation

* e

ISF

50+

Latitude ( )

45 - - 40

Latitude ¢ )

40|

35¢

5 280 285 290 295 300 305 310 35 320 325 330
-40 Lontitude ()

30+

275 280 285 290 295 300 305 310 315 320 325 330
Lontitude (7

HYCOM Run 9.4 (12-15) Sea Surface Height Standard Deviation
with NAVO IR Mean Path

b

50

Latitude ()

45 -

Latitude
B
A

5 280 285 290 295 300 305 M0 M5 320 3% 330
Lontitude ()

modelled ten-year standard deviation

(year 41-50) of equivalent sea surface

280 290 300 ?_10?19“332 330 340 350 helgh‘l' (ln Cm)
Courtesy of Jim Richman (NRL)

35~

30

Yu-Heng Tseng HC/EFDL, NTUW




Kuroshio Current System
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Standard deviation

Agulhas Current System
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Summaryv
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High-resolution Parallel Domain-decomposed TaIwan
Multi-scale Community Ocean Model (PD-TIMCOM) is
developed

- Based on TIMCOM

- Based on an efficient parallel EVP solver

- Ideal (scalable) for parallel domain-decomposition

Reasonable mean, standard deviation and skewness
states

Eddy-resolving global circulation patterns
Fifty year simulation is almost completed

Further validations and extremely high-resolution
(1/16°) in Global Oceans and investigate the global
ocean climate
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Overview

Atmospheric and Ocean Modeling
Computational Fluid Dynamics

Lahoratory experiments \

=Coastal upelling
Atmosphere

»Internal wien e
=Cogstal dynamics
=Hasin scale
=Density current

= aney bouncany
2tmospheric boundary layer

Data assimilation

Climate change detection

High-performance Compulting &
Environmental Fluid Dynamics
Laboratory (HC/EFDL)

QQuestions.....?2
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