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BSC Earth Sciences Department

Why

Environmental modelling and forecasting Our strength ...
ieseaichi:

... operations ...
... services ...
... high resolution ...

MareNostrum
supercomputer

How
Develop a capability to model air quality

processes from urban to global and the
impacts on weather, health and ecosystems

Climate
prediction

Implement climate prediction system for
subseasonal-to-decadal climate prediction

Develop user-oriented services that favour
both technology transfer and adaptation

Use cutting-edge HPC and Big Data
technologies for the efficiency and user-
friendliness of Earth system models
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Air Quality Modelling

CALIOPE
(www.bsc.es/caliope)

* Quantify relation between
emissions, meteorology and air
concentration

* Forecast air pollution episodes

* Provide and develop short and
long term mitigation plans

Domains:
Europe (12 km, 480 x 400 cells)
Spain (4 km, 399 x 399 cells)
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Initial and boundary conditions
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Atmospheric Composition modelling:
NMMB-MONARCH

| Themain system is build on thmeteorological driveNMMB

I Multiscale: global to regional scales allowed (nesting capabilities)

I Nonhydrostaticdynamical core: single digit kilometre resolution allowed
| Fullyon-line coupling:weatherchemistryfeedback processeslowed
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NMMB-MONARCHData Assimilation

observations

NMMB-MONARCH coupled with a
Local Ensemble Transform Kalman
Filter (LETKF) for the assimilation of
aerosol optical depth observations

ensemble
forecast
E [N E E

ensemble mean analysis

[
»

analysis-initialized
forecast

Mineral dust application

The ensemble forecast is based on
uncertainties in the dust emission
scheme

Dust AOD (550nm), Control Simulation | Dust AOD (550nm), DA Simulation

- vertical flux, ﬂ

- size distribution at emission orin

= Data Assimilation

- threshold on friction velocity | — control AERONET Validation

.o| & A Dust observations

(DiTomascet al., GMD, 2016)
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Mineral Dust modelling: Dust sources

Natural

Understanding of he
mineral dust sources
Natural and anthropogenic
based on MODIS Deep

Frequency of Occurence DoD > 0.2

Anthropogenic (agricultural)
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Mineral Dust modelling Topography




Mineral Dust modelling Topography

Impactof the topography on dust transport
MSG/RGBVarch19, 2012

19 03:00

191800 ./ 19 21.00
(Basart et al., AeoliaResearch2016)
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Mineral Dust modelling Topography

17 Mar 2012 12UTC 18 Mar 2012 12UTC

-

19 Mar 2012 12UTC
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Twosimulations using the
NMMB/BSCGDustmodel
demonstratesesults demonstrate
how the dust prediction in the
vicinity of complex terrains
improves using highorizontal
resolutionsimulations.
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altitude (km)

NMMB/BSCDust 19March-2012 18UTC

-Dust Dust Conc: (pg/m?), Wind, Pot.Temp LAT = 24.0°N

9
forecast for 18UTC 19 MAR 2012

NMMB/BSC-Dust Dust Concentration (ug/m*), Wind Pot.Temp LAT = 24.0°N

forecast for 18UTC 19 MAR 2012

T e v v BIKINE v

W s WO N

(Basart et al., AeoliaResearch2016)

e &

5

. S o ettt o Somn S T T

gt

2650
1280
640
320
160
80

20
10

10




Mineral Dust modelling Haboobs

MSG/SEVIRI RGB dust pmduc¢ - [l MSG/SEVIRI RGB dust product . o e e ony Wl i i oot e )
14:00 UTC 14/07/2011 : N 22:00 UTC 14/07/2011 : ' . : 7 [ L 'S

- H:

. The haboob (pink) separates from its
At the beginhing of  cold pool originatecBREREATROM (red) S8 e o [l SRS AT
outflow formation moves northwest

MSG/SEVIRI RGB dust produc! MSG/SEVIRI RGB dust pfoduct
10:30 UTC 15/07/2011 €, 22:00 UTC 15/07/2011 B 3\

Vertical Velocity (m/s) 12th layer, Wind (kt) Vert. Velo. (m/s), Wind (kt), Pot. Temp. (K)
22UTC 14 JUL 2011 10, 22UTC 14 JUL 2011 - LAT = 18.5 N
N f

: The haboob propagation Stops after
The haboob (pink) extends for more 24 h and 1000 km covered (size
hundreds of kilometers of the lberian Peninsula

MODELCONFIGURATION
SIUdydomaln' 66 2-1&3 % 1% wlﬁ b Wind Speed (m/s), Wind (kt) Wind Speed (m/s), Wind (kt), Pot, Temo (K)
Studyperiod: from 14to 15July2011 M - T YT B e
Horizontal resolutionn ®n o0 6 En ®n o P - dallodiggdziplicio | ,

convection

Verticalresolution: 60" -layers(12-15" -layersin the first 1000m)
Coldstart (Nodata assimilation)

(Vendrellet al., inpreparation)



Mineral dust Services

BSC dusbperationalforecast
(global and regional domains) .
http://www.bsc.es/ESS ol Nl
V' Contributionto the ICAPmulti-model ensemble =

(global) http://icap.atmos.und.edu

WMO Dust Centers BRI E
SDSWAS North Africa, Middle East and Europe g SRR

Regional Centerhttp://sds-was.aemet.es
started in2010¢ Research

BarcelonaDust Forecast Center
First specialized WMOenter for mineral dust predictio
http://dust.aemet.es started in 2014 Operational °
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http://icap.atmos.und.edu
http://icap.atmos.und.edu

BSC dust operational forecast

BSC-DREAMED NMMB/BSC-Dust

MA-ME-E Domain

Spain

NMMB/BSC-Dust Dust Load (g/m* ) and 700 hPa Wind NMMB/BSC-Dust Total Cloud Cover

18h forecast for 0BUTC 18 Oct 2017 . 18n forecast for DEUTC 18 Oct 2017 . | © October|2017 *| © ‘
[projects/earthscience NMMB—BSC— DUST/ http:/ funew bee s/ projects feart hecience { NMMB— BSC— DUST/
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100 mfs

NMMB/BSC-Dust

Dust load & cloudiness

Dust Optical Depth & Cloudiness
Dust Dry & Wet Deposition

Dust Surface Conc. & Prec - MSLP
Dust concentration profiles

Dust Vertical cross sections

12
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http://www.bsc.es/ESS
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http://www.bsc.es/ess/bsc-dust-daily-forecast
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The WMO SDSVAS project

........

World Meteorologlcal Organization
Weather = Clim » Water

| A Identify and improve products to

OBJECTIVES:

monitor and predict atmospheric
dust by working with research anc
operational organizations, as well
as with users

I A Facilitate user access to
iInformation

A Strengthen the capacity of
countries to use the observations
analysis and predictions provided

by the WMO SDW/AS project

DTS ECTEN
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The SD3VAS Regional Centers

120 90 : 30 0 30 60 50 120 150

0 7 14 28 55 12 365

Lyydzht YSEY FTNBIdzSy 08 ¢ROOBENDERE.? (dzd) ATOMS (29BD9% )raérosel
indexx0.5 (blue), and OMI (20Q2006) aerosol index0.5 (green). Thisocontoursof TOMS and OMI have
been removed over oceans for clarity.

Barcelona .
Supercomputing Extractedrom Ginouxet al. (2012, Rezeophyg
Center

Cenlry Nacional de Suparcampulacicn

OHNNoO

15



SDSWAS Asian RC

WMO Sand and Dust Storm Warning Advisory and Assessment System(WMO SDS WAS)

ASIA/CENTRAL PACIFIC REGIONAL CENTRE

Concantration
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SDSWASPanAmerican RC

WMO Sand and Dust Storm Warning Advisory
and Assessment System (SDS-WAS) HOME  ABOUT  FORECASTS & PRODUCTS  OBSERVATIONS ~ PROJECTS & RESEARCH ~ NEWS &EVENTS ~ CONTACT

ly Pan-American Regional Center

‘b Ve 4§

WMO Sand and Dust Storm Warning Advisory and
Assessment System (SDS-WAS)
Pan-American Regional Center

Enhancing the ability of countries to deliver timely and quality sand and dust storm forecasts, observations, information and
knowledge to users through an international partnership of research and operational communities.

http://sds-was.cimh.edu.bb/
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SDSWAS NAMEE RC

TheCenteris managedby a consortiumof AEMET and the
Barcelona SupercomputinGenter(BSGCNS)

/\ r— Barcelona
li.} CoBlERNE | B e l Supercomputing
DE ESPANA  DEMEDI O AMBIENTE ‘ MJ
Kt i Agencia Estatal de Meteorologia center
Centro Nacional de Supercomputacion

Nexusll Building. Barcelona MareNostrumsupercomputer

Supercamputing http:// sdswas.aemet.es

Cenirg Nacional de Suparcamgulacitn
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SDSWAS NAMEE RC

‘;i NORTHERN AFRICA-MIDDLE EAST-EUROPE (NA-ME-E) REGIONAL~CENTER
(2)

WMO Sand and Dust Storm Warning Advisory and AssesSmeank System (SDS-WAS)

World
Meceorsiogical
Organization

You are here: Home

Home
. Northern Africa-Middle East-Europe (NA-ME-E) Regional Center
Prancesce Bezincas — Lol moclbasd May 29, 20120 ™
Forecast & Products
Outstanding Subscribe to the Public Newsletter!
Projects & Research 7 F
Addressing Sand and Dust Storms in Sustamable To be informed about cur activities, news and events related
Materials Development Goals Implementation to dust. Frequency is almost monthly.
News WMO supports the !n‘.mm-‘.icn?:l Conference on sand and | Full Name I
dust storms currently held in Tel
[ Your email |
Events

SDS-WAS will contnibute to UN Conference on sand and
dust storms to be held in Tehran

— ‘Subscribe”

New members of the SDS-WAS Regional Steering Group for

Sl _S_ggcﬁ Northern Africa, Middle East and Europe
Portal manual

ith Training Course on WMO SDS-WAS Praducts (Satellite ;

Latest News - - . < > Please find a brief manual here.
and Ground Observation axd Modelling of Atmospheric

Atmosphere. Special issue "Studying Dust)

the effects of dust on weather”

Oxt 20, 2017 Dust forecasts

Impact of &

=t deposition on wheat
production

Ot 19, 2007

- |

» H B |
Paper on the pulsatin ture of large- t
scale Sabaran dust art 0% ]
Oxt 17,2007 i ]

Upcoming Events

International Workshop on Middle

£\ a 3 .
! | o=—a fég *,
x-l {Re al) Dust Sources and h. 4 4 abd .- :.A : ’ X
Their Impacts | - ’ N
Oxt 29, 2007 - Oxx 23, 2007 Butaral
Turkory Compared Dust Farecasts Forecast Evaluation
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SDSWAS NAMEE: Dust Forecasts

Dust prediction models provide 72 hours (at 3-hourly basis) of dust forecast
(AOD at 550nm and surface concentration) covering the NAMEE region.

(@ (C;pernicus

S Crrnnn

S a? JLLYUULL Met Office

Barcelona
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MODEL _ﬁkjﬂNE DOMAIN DATA ASSIMILATIORN
BSEGDREAMS8b 12 Regional No
CAMSECMWF 00 Global MODIS AOD
DREAM&NMME 00 Regional CAMSanalysis
NMMB/BSCGDust 00 Regional No
MetUM 12 Global MODISAOD
GEO$S 00 Global MODISreflectances
NGAC 00 Global No
RegCM4 EMA 00 Global No
DREAMABOL 12 Regional No
WRFCHEM NOA 12 Regional No
SILAM 12 Regional No
LOTOEUROS 12 Regional No

http://sds -was.aemet.es/ 20
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BSC-DREAMSb v2.0

CAMS-ECMWF

SDSWAS NAMEH:Iles Download

DREAM-NMME-MACC

NMMB/BSC-L

NASA-GEOS-!

PUBLIC Files

Barcelona
M s« Wung
RESTRICTED Files O wens'fe (( ot

PUBLIC Files

RESTRICTED Files " ro0ci Website Copemicus

PUBLIC Files

Model website

RESTRICTED Files

Title

latest - [downlood oll)

Size

4.0 kB

4.0kB

4.0 kB

4.0kB

4.0 kB

4.0kB

4.0 kB

20017 - (downloed all)
NCEP-NGAC
20016 - (downloed all)
DREAMABOL 2015 - (downloed all)
2014 - (downloed all)
EMA-RegCM4
2013 - (downioed all)
20012 - (downiloed all)
Barcelona
Supercomputing
i‘.‘r'rnl‘nr
Macional e SUpancamBulacity  Agencia Estatal de Meteorologla

7 crrunnp
S a? VLLYTULL

Muadified

Ot 19, 2017 10:40 PM
Oict 03, 2017 10:40 PM
Dec 03, 2016 10-40 PM
Mar 07, 2016 12:45 PM
Mar 07, 2016 12:49 PM

Mar 07, 2016 12:45 PM

Mar 07, 2016 12:45 PM

A Daily forecasts of dust

surface concentration and
dust optical depth will be
displayed on a page together
with a menu to allow
visualization of the archived
products and/or download of
the numerical files for a
selected range of dates.

Acess to the download
pages shall be restricted to
those groups that authorize
the exchange of their own
data.

Needed registered user!

http://sds -was.aemet.es/ 21



SDSWAS NAMEEIloint Visualization

WMO SDSWAS N Africa-Middle East-Europe AC WMO 5D5-WAS N Africa-Middle East-Europe RC WMO SD5-WAS N Africa-Middle East-Eurcpe RC
BSC-DREAMED  Dust SUrface CONCEntration (pg/m) CAMS-ECMWF  Dust Surface Concentration (ugim?) DREAMB-NMME-MACC Dust Surface Concentration (ug/m?}
Run: 12h 1% OCT 2017 Valid: 12h 15 OCT 2017 (H+00) Run: 00h 1% GCT 2017 Valid: 12h 15 OCT 2007 (H+12) Run: 00h 15 ©CT 2007 Valid: 12h 15 OCT 2017 (H+12)

Aot
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BT

N L 2l
W oW & W 0F 0E B 0T

WMO SDSAWAS N Africa-Middle East-Europe RC WMO SDSWAS N Africa-Middle East-Europe RC WMO SDS-WAS N Africa-Middle East-Europe RC
WMMB/BSC-Dust  Dust Surface Concentration [Lg/m?) NASA GEOS-5  Dust Surface Concentration (ug/m?) NCEP NGAC _Dust Surface Concentration (lgim?)

Run: 12h 15 OCT 2017 valid: 12h 15 OCT 2017 (H+00} Run: 00 15 OCT 2017 valid: 12h 15 OCT 2017 (H+12) Run: 00h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12)

""&S§§§§§

: EREE s
w oW o It N WL WE WL

=0 |
Wi @l WE

WMO S5DS-WAS N Africa-Middle East-Europe RC WMO SDS-WAS  M.Africa-Middle East-Europe AC WMO SDS-WAS  N.africa-Middle East-Eurcpe RC
EMA RegCM4  Dust Surface Concentration (pg/m?) REAMABOL  Dust Surface Concentration (pgim?) NOA WRF-CHEM Dust Surface Concentration {pg/m?)
Run: 00h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12) Run: 000 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12) Run: 12h 15 ©CT 2017 Valid: 12h 15 OCT 2017 (H+00)
0N
50°N
N
30°N
0N
N

oW low & W 0F 0 Wb WE

WMO SDSWAS N Africa-Middle East-Europe RC WMO SD5-WAS N Africa-Middle East-Europe RC
SILAM Dust Surface Concentration (ug/m?) MEDIAN Dust Surface Concentration (ug/m?}
Aun: 00h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12) Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00)

DustSurfaceConc
from 15-Oct201712:00 to
18-Oct201700:00

Barcelona

Camr ALmer

CEndrd Maciena) 38 SuparcamSuldcityl | Asencia Estatal de Meteorologia

http://sds -was.aemet.es/ 22




SDSWAS NAMEEIloint Visualization

WMO SDS-WAS N Africa-Middle East-Europe RC WMO SD5-WAS N Africa-Middle East-Europe RC WMO SDS-WAS N Africa-Middle East-Eurcpe RC
&b Du WF  Dus NMME-MACT

BSC-DREAMBD 5 CAl REAMB- X L
Run: 12h 15 OCT 2017 Vall h 15 OCT 2017 (H+00) Run: 00h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12) Run: 00h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12)
-

WMO SDSWAS N Africa-Middie East-Europe RC WMO SDSWAS N Africa-Middie East-Europe RC WMO SDS-WAS N Africa-Middle East-Europe RC
NMMB/BSC-Dust  Dust ADD NASA GEOS-5 Dust ADD NCEP NGAC Dust AOD
Run: 12h 15 OCT 2017 valid: 12h 15 OCT 2017 (H+00) Run: 00h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12) Run: 00h 15 OCT 2017 valid: 12h 15 OCT 2017 (H+12)

WwW 1w & W #F %E @l Wt

WMO SDS-WAS N Africa-Middle East-Europe RC WMO SD5-WAS N Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Eurcpe RC
EMA RegCM4  Dust AOD DREAMABOL  Dust AOD NOA WRF-CHEM Dust AOD
Run: 00h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12) Run: 00h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12) Run: 12h 15 ©CT 2017 Valid: 12h 15 OCT 2017 (H+00)

WMO SDSWAS N Africa-Middle East-Europe RC
MEDIAN  Dust ADD
Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00)

s

. DustAOD at 550nm
) from 15-Oct201712:00 to
i 18-Oct201700:00

http://sds -was.aemet.es/ 23
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SDSWVAS NAMEBMulti-model

DustAOD at 550nm

Surfaceconcentration

WMO SDS-WAS N.Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC
MEDIAN Dust Surface Concentration (ug/m?) MEAN  Dust Surface Concentration (ug/m?)
Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00) Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00)
e
20000 20000
60°N
5000 5000
50°N
2000 2000
A0°N
500 500
o 200 200
20°N 50 50
10°N 20 20
[ - [ 5 = - - 5
"W W o 10°F 20°F 30°F 0°F 50 20°W  10°W 0" 10°E 20°E  30°E  40°E  SO°E
WMO SDS-WAS  N.Africa-Middle East-Europe RC WMO SDS-WAS  N.Africa-Middle East-Europe RC
STDEV Dust Surface Concentration {g/m?) RANGE Dust Surface Concentration (pg/m?)
Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00)
20000 20000
5000 5000
2000 2000
500 500
200 200
50 50
20 20
5 5

WMO SDS-WAS N.Africa-Middle East-Europe RC
MEDIAN Dust AOD
Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00)

T 2e) |
10°E  20°E  30°E  40°E  50°E

20°W 1o'WW o

WMO SDS-WAS  N.Africa-Middle East-Europe RC
TDEV  Dust AOD
Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00)

oW W o

10°E 20 30°E  40°E  S0°E

oW W o

WMO SDS-WAS N.Africa-Middle East-Europe RC
MEAN  Dust AOD
Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00)

- -
20°W  10°W 3 10°E  20°E  30°E  40°E  50°E

WMO SDS-WAS N.Africa-Middle East-Europe RC
INGE  Dust AOD
Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00)

10°E  20°E  30°E  40°E  S0°E

from 15-Oct201712:00 t018-Oct201700:00

Model outputs are bf A Y S NI @&
model products are generated:

CENTRALITKhedian- mean
SPREAtandard deviatiorg range of variation

AYGSNLRE |

7

4GSR

02

I O2YYZ2

/

Barecelona

Supercomputing | /Vl ej-
Center | .

CEndrd Maciena) 38 SuparcamSuldcityl | Asencia Estatal de Meteorologia
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SDSWVAS NAMEBViulti-model - ICAP

DustAOD at 550nm
from 15-Oct201712:00 t018-Oct-201700:00 Only global models!

WMO SDS-WAS N.Africa-Middle East-Europe RC ICAP Multi Model Ensemble
MEAN Dust ACD MEAN Dust ACD
Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00) Run: 00h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12)

6.4

3.2

1.6

1.2

0.8

0.4

0.2

0.1

WMO SDS-WAS N.Africa-Middle East-Europe RC ICAP Multi Model Ensemble
STDEV Dust AOD STDEV Dust AOD
Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00) Run: 00h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12)

http://sds -was.aemet.es/ 25
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SDSWAS NAMEEDOD Model Evaluation

A Evaluation with AERONHiRta
A Graphical NRT Evaluation by site
A Evaluatiorscoresmonthly/ seasondlannual
andsites

WMO SDS-WAS N.Africa-Middle East-Europe RC
MODIS AOD,,, - 2016

A Evaluationwith MODISdata onto the Atlantic
A Evaluatiorscoresmonthly/ seasondlannual

WMO SDS-WAS N.Africa-Middle East-Europe RC
MODIS DEEPBLUE AOD;;, - 2016

A Evaluation of dust models with MODIS Deep Bhatrievals -
A Evaluationscoresmonthly/seasondlannual
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SDSWAS NAMEEDOD AERONET Evaluatio

Santa_Cruz_Tenerife (Spain) - March 2016
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SDSWAS NAMEEDOD AERONET Evaluatiot

Duate: | - Select Year - ¥
Jan 2016 - Dec 2016. Dust Optical Depth.
Threshold Angstrom Exponent = 0.600
BIAS
L CANMS DA NS KMMAE LUK Mt RASA KNCEP ERLA IHEEAM KOA-WRT L AN MEMNAN
IHEEALESS ECMIWT RMME BTt Ciitice GEDS-5 KGAL HegC M4 AR CHEM
BLAL
SahelSabhara -0.30 -0.17 -0.20 411 -0.16 -0.20 -0.06 0.03 -0.13 -0.13 -0.06 -0.18
show simtions
Mliddle East -0.12 -0.10 -0.05 -0.17 -0.12 -0.16 .11 L.13 0.06 -0.14 0.0l -0.13
show siations
Mediterranean -0.16 -0.12 -0.12 -0.15 -0.10 -0.14 -0.05 -0.02 -0.09 -0.12 -0.10 -0.13
show simtions

A Set Ofeva,l u ati O nm etri CS are TOTAL -0.24 -0.14 -0.16 -0.13 -0.14 -0.18 -0.06 0.08 -0.10 -0.13 -0.07 -0.16
selected Bias RMSE,

. - ROOT MEAN SQUARE ERROR
correlation coefficientand

ns CANE [HEENRES NMMA LUK ME RASA WCER ERIA IHEEAS ROIA-RT SHLAM  MENAN
FG E DEEAME  ECMWI WMME-SALT BT Ciffice GEDSS RIGAL HegEM4 ARG CHESM
SahelFahara 0.51 0.42 0.45 043 0.44 0.42 0.39 0.64 048 0.44 0.62 042
show siations
Mliddle East 0.35 0.25 0.28 0.44 0.27 0.31 0.28 1138 0.34 0.3z 0.62 0.28

Calculation®valuation
m etrlCS are d O n efo r Mediterranean 0.30 0.29 0.30 0.28 0.27 0.29 0.27 0.40 0.30 031 044 0.28

show siations

A m O nth Iy/ Seaso n m an n u aI TOTAL 0.44 0.37 0.39 0,39 0.38 0.38 0,35 2.06 042 0.39 0.7l 0.37

A Sltesand reglons CORRELATION COEFFICIENT

L CANMS DA NS RMMA LUK Mt RASA RCEP ERLA IHEEAM KOA-WRT L AN MEMNAN

IHEEALESS ECMIWT RMME-SALT BTt Cilicw GEDS-S RGAL HegC M4 AR CHEM
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SDSWAS NAMEEDOD MODIS Evaluation
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