- HIGHRESOLUTION GLOBAL |

:DUST SO{URCEMAI |

‘Mapping Methodology and Results
. . : ! -4 . . . | . |
YA _w_chlzuzmé +AYADS
] AEEER SSANEEE
Faculty of Agriculture, University of Belgrade, Serbia

| SPI for UNCCD
| pa_zisad.ana@qm'ail.cqr;nanavuk@aqr_if.bq._ac.rs‘



mailto:pazisadana@gmail.com
mailto:anavuk@agrif.bg.ac.rs

INTRODUCTION

A Global Sand and Dust Storms Source Base Map&SSBM)is made under consultancy engagement with UNCCD.
A Acknowledgements:

UNCCD coordinator of the work wdschangKang gkang@unccd,int

Bojan/ @S (i {ReiblidHydrometeorological Service of Serbia; Faculty of Physics, University of Belgrade) provided inpt
performed formatting and helped in forming mapping methodology;

Work was also supported with discussions during thérflernational Workshop on Sand/Dust storms and AssociBestfall
OCSYSNATSUOZ | b 9YyOBANRYYSYyuQa {lFIYR YR 5dzaid {U2NXa ¢SOK
Storms Technical Workshops, WMO, October 2018, (Geneva).

A Goal to assess globally the capacity of soil surfaces to produce sand and dust storms in case of favorable wind coi

A SDS source isare topsoil surface susceptible to wind erosion or any surface capable to emit soil particles in favoral
wind conditions

Assumption:Areas that include SDS sources have fine soil texture and bare or sparsely vegetated surfaces, which can experiel
frozen and lower soil moisture conditions.

A SDS source intensiig capacity of soil surface to emit soil particles under favorable wind conditions.
A SDS source activigepends on frequency of high wind.

A SDS sources may be distinguished according to their change in intensity:
A permanentSDS sources: surfaces that have capacity to emit soil particles annually

A dynamicalSDS sources: surfaces that have capacity to emit soil particles seasonally or occasionally
(during extreme events)



SDS SOURCES: DRIVERS

Drivers that impact SDS sources intensity and activity:
A Climate conditions
F NARAGEZ aSlazylft gSI iKSNEX
A Weather conditions
SEGNBYS G6AYREIT RNRAAKGZ X
A Surface conditions
{2Af OGSEUGdNBX &d2Af Y2AalddaNBxX G§SYLIS

direct and indirect human impact
Drivers are in mutual interaction.

SDS SOURCES: ANTROPOGENIC

When human activities are predominating driver for SDS sources intensity, these |

productive areas can be calleghthropogenic sources
Direct human impacts

weather
conditions

NJ {0 dzNB

climate
conditions

activities

S5DS

A land cover changes, disturbance of the topsoil and loss of soil structure (agriculture: tillage and /

livestock breeding),
A use of water for irrigation, hygienic needs (especially for large urban areas) and industry,
A other factors: deforestation, fires, mining, etc.

Indirect human impacts
A climate change

direct impacts

N

indirect impacts




SDS SOURCES: STUDIES
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SDS SOURCES: SDS EVENTS

SDS sources contribute to wide range of spatial and temp
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SDS SOURCES: SCALES OF SDS AND SDS SOURCES

CLIMATE IMPACTS
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GLOBAL MAP NEEDS TO INCLUDE CONTRIBUTION FROM DIFFERENT DRIVERS AND SOURCES Ol
USING UNIQUE METHODOLOGY FOR MAPPING IN ALL AREAS OF THE WORLD.



SDS SOURCES: MAPPING METHODLOGIES

Methodologies for SDS source mapping can be distinguished in two groups:

Data Advantages Disadvantages
SDS source Observations | good representation (high spatial and temporatoverage of observations is not
. of SDS confidence) oEynoptic overview of | continuous lower resolution than mapping resolutions ¢
mapping from . . . .
(satellite and | major and frequently active SDS other soil related parametersiot able to
data on SDS ground) sourceareas(permanent and recognize/delineate small scale and occasionally active
occurrence seasonal)recognize global and SDS evenizlimatological approach (averaging of long
regional sources that dominate in | term data) gives advantage to natural (permanent and
SDS generation seasonal) and/or larger scale SDS sourgeserestimate
SDS sources which are small scale and/or not frequent
active.
SDS source Soil and contains data on soil characteristicq require relativelycomplex combination of information

mapping from
data on surface
conditions

surface data

and land usegan provide high
resolution SDS source patternsan
detect/delineate small scale source
and distinguish SDS soutcet

spots include surfaces with high
potential for SDS generation in
extreme weather conditions even if
they have low activity.

from different sources of databecause of high spatial
variability and not sufficient soil samplingyality on soll
information may be low which requires implementation
of additional information; does not include information
on frequency of SDS generation




SDS SOURCES: MEANING OF THE RESULTS

Results obtained with different methodologies can have different meaning:

Meaning

Advantages

Disadvantages

SDS source mapping
from data on SDS
occurrence

Map represents frequency of SDS
assuming that areas with highest
frequency are the strongest
sources of SDS

Indirectly includes impact o
high wind frequency

Does not include surfagaroperties; pacement
of SDS sourcanay be biased (dislocated); lov
resolution

SDS source mapping
from data on surface
conditions

Map represents SDS sources
intensity (capacity of soil surface
to emit particles) in case of high
wind occurrence

High resolution, gives
locationSDS sources with
different intensity

Does not includdigh wind frequency,
meaning that frequency of real activation of
SDS sources is not included

~

Combined surface
conditions and
atmospheric data

Includes SDS sources intensity
based on surface data and activit
of sources based on real wind
impacts on SDS sources with
defined intensity

Gives high resolution
informationabout SDS
sources distribution
including their intensity and
activity

Global high resolution quality wind data,
including local extremaigh velocity episodes,
does not existin climate changing world
constant update is needed, because increast
frequency of high wind velocity storms




SDS SOURCES: CHOICE OF METHODOLOGY

Chosen methodology iSDS source mapping from data on
surface conditions.

Why this choice of methodology?

A

Gives information aboupecific locatiorof land surfaces that
have capacity to emit soil particles in case of high wind
conditions

Gives detail information 08DS sources intensitydistinguish
soil surfaces with higher and lesser capacity to contribute to
SDS formation

Can recognize lochbt spotsc surfaces with high resolution
local maximums of SDS sources intensity

Why real wind data are of secondary importance for SDS
source mapping?

A

High wind episodes will happen everywhere in world and if
surface with some SDS source intensity exgstsvill emit
particles

Inclusion of wind impact may reduce importance of SDS
source hotspots

No global high resolution wind data (with wind gusts) exists

SDS SOURCES MAPPING: EXAMPLE OF DIFFERENT METHODOLOGIES
MAPS

SDS source mapping from

LAND SURFACE

\,e“‘

@ hot-spot
sources



SDS SOURCES: CLUSTER OF DATA ON SURFACE CONDITIOI

Datasets for mapping:

SOIL CHARACTERISTICS

A soil characteristics
susceptibility of soil surface particles to wind erosion
(fixed soil properties, but can be variable under stress from
direct human impact)

A land cover LAND COVER
surface exposure to wind erosion
(fixed and variable land cover properties)

national data

national SDS
source map )

A soil condition
moisture and temperature
(variable soil properties)

SOIL CONDITION

MOISTURE TEMPERATURE

Implementation of better quality and more information fronational datacan improve resolution and accuracy of SDS sour
map and knowledge on their origld national SDS source map




G-SDSBM: INTRODUCTION

Basic information:
A represents gridded (gereferenced) information on the

distribution, intensity and variability of sand and dust storms (SDS) sources developed from publically available
datasets.

A The map shows maximum potential of the surfaces obtained from thefdata to
produce SDS in case favorable wind conditions occur.
A Values of the GSDSSBM aré twhere O represents that surface has no potential

(capacity) to produce SDS, and 1 represents highest SDS source intensity, meaning most productive SDS surfas

case of high wind conditions.
¢about 1km at the Equator) in regulkt-lon grid, projection WGS84.

G-SDSSBM is based on development of four monthly maps:
/ as a month with lowest temperatures and minimum vegetation for northern hemisphere and with opposi
conditions on southern hemisphere;
, as a month when vegetation starts to develop (beginning of the growing season) on the northern hemisphe
and when vegetation cover decrease and vanish on southern hemisphere;
, as a month with highest temperatures and developed vegetation for northern hemisphere and with opposite
conditions on southern hemisphere;
, as a month when seasonal vegetation decreases and vanishes on the northern hemisphere and when
vegetation cover starts to develop on southern hemisphere.



G-SDSSBM: MAPPING AND MAJOR CONCERNS

Priority in detecting SDS sources

A soil texture information

A free surface % (without vegetation, snow/ice cover, water
bodies and non frozen soil)

Challenge in soll texture informatio(picture A)
A Soil texture data are low quality on global level, because not
enough measurements or quality national data were not include

IN DEFINITION OF SDS SOURCE in global datasets

fraction of surface in reality: vegetation — no emission possible — no source Chal |enge in definition of free su rface(pictu re B)

A High variability of vegetation and snow cover, soil temperature
and water bodies extent
E Requires implementation of information on seasonal
variability of free surfaces
E Need to related percentage of free surface with satellite dat:

fraction of surface in reality: bare — possible emission - source

IN DEFINITION OF SDS SOURCE MAP

grid point:
area is sparsely vegetated — possible emission

100%?



G-SDSSBM: SOIL TEXTURE (1)

How is derived improved solil texture information for SDS source detection

A from soil texture databases is estimated fine particles content (layer 1); topsoil fraction of soil

texture that is susceptible

A increased fine texture content in areas with high probability for high to wind erosion

alluvium content, and reduced in areas with low probability (layer 2)

soil texture correction factor

i )




G-SDSSBM: SOIL TEXTURE (2a)

Obtaining fine particles content of topsaoill

AVAERAGE of two databases for soil texture were used:

A ISRIQInternational Soil Reference and Information Centre) World soil Information
database that provideSoilGridgsoil global gridded information), at 30 arcsec
resolution provides global sets for m&ssction of clay, silt and sand (%) 200

A STATSGBAO(Natural Resources Conservation Service US General Sail Map
Food and Agriculture Organization) databasé&/8DA soil texture typgs
combination of US 30arcsec and for the rest of the world FA@BinUSDA soil‘ .
database that is usually used in numerical modeling of weather and climate. 4

NOTEUSDA soil texture types in STATSBO 40/ clay s
are translated to fraction of clay, silt and sand in 20 \ clay loam \c,ay ,oam\o
%, using ISRIC database and changing by /a“dy clay '°a'“/ "
minimum percent of soil texture fraction to “ oam AYAY,
correspond to USDA soil texture type in STAFSGO LY St 3
FAO map in case the criteria is not already met. sand \ sand si
2 % % 3 % S B ¥ B

<«—— Sand Separate, % ———



G-SDSSBM: SOIL TEXTURE (2b)

Example explaining the reason for using of combination of two soil texture databaBesteled.

Fine particlesolay+sil}
content in top soil from ISRIC
database (%).

: }'. bind| Soil texture types from
i STATSGEAO database

1 |[sand silt+1.5clay<15

MpX &aAf b
silt+2clay<30
X, s 5 ‘ TXKOE F &% v
gy 3 |[sandyloam|[&a At GbHOf I &
sand>52

TXOE F@FHT
6 |loam HY XKaAf Grf p
&k YRXpH

2 loamy sand

Google Earth image of the selected domain:
1. Bodeledepression, 2. Tibesti mountains.




G-SDSSBM: SOIL TEXTURE (2¢)

Global soll texture data

180 oW 0 90E 180

0O 10 15 20 30 40 S50 60 70 80 90 100

Average value of ISRIC sc
texture values and convertec
STATSGBAO soil texture;

in the image i€lay+siltin %

STATSGBAO soil texture categories
(1-12) and bedrock in grey

| [ e | | | —
P e Y T ] 0 10 15 20 30 40 50 60 70 80 90 100

“clay/silt/sand; in the image day+siltin %.




G-SDSSBM: SOIL TEXTURE (3a)

Approach applied for increasing contribution from topographical pits

Adopted approach: Sunction according toGinouxet al. (2001)

7. —Z:\°
S=( x :)
Zx_Zn

180 0w 0 90E 180

Z s maximum value in the box
Z,is minimum value in the box
Z is value i

To Do o I»

S has values from 0 to 1, and higher
values distinguish topographical pits
(have high probability to contain

alluvium)
180 aow 0 90E 180
BOX — T T T T T T T e
Original Sunction in 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
. dx S galn_ouget al.t(200|1)t_|s Sfunction Ginouxet al. 2001) masked with
gria p ('atrr:Vt? on re?ig( 1'8; low annual precipitation thresholédproved to
\clzvfjllculggosrzzoef OSunction or correspond well with satellite data




G-SDSSBM: SOIL TEXTURE (3b)

Development of soil texture correction factor

The idea:

Results from different
box sizes (large to
small) can recognize
different scales of
topographical lows
(large to small).

Chosen box sizes and resolution for calculation

On global level ensemble of fowfihction datasets
are calculated on 1/12€(30 arcsec) resolution:

A SFO (box = IR100)

A SF5 (box =50

A SF2 (box = 2¢82.5)
A SF1 (box = 1.261.2%)

10°x10°

SFO database

SF5

5°x5
2.5°x2.5°
1.25°%1.25°

SF2

SF

Adopted Sfunction value:

Average of 4 values is used as fir&igtion value,
which is used for definition of correction factor
SF = (SFO+SF5+SF2+SF1) / 4

Correction factor:

assumption 1. FP : FPTOT = :EFSTQT
assumption 2. CSTOF 0.5 ( FPTOT + SF)
FR.= FP x0.5 (1 + SF/FPTOTE) FP XCF

6Ct A& OFfeéxkaAitia O2ydsSyis

(



G-SDSSBM: SOIL TEXTURE (3c)

Corrected global soil texture database for SDS source mapping

soil texture gcla¥+siltz%

0O 10 15 20 30 40 S50 60 70 80 90 100

SF = average-fanction

I I
0 0.1 02 03 04 05 06 07 08 0.9 1

final soil texture clay+sil) in O to 1 fraction values

T =1 T e
0O 0.1 0.15 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1 (x100=%

NOTE soil texture data were missing in some areas of dried wate
bodies and melted glaciers, and were filled in with nearest value.



G-SDSSBM: SOIL TEXTURE (3d)

Example for corrected global soil texture database for SDS source mapBdgeled.

Sfunction 1\

i T ;
"1""‘ e

0 01 02 03 04 05 06 07 08 09 1 ¢ 02 04 06 08 1 .2 1.4 16 2 3

26N

24N

xture (clay+silt)%" sy

o

J ? i \‘v N . ‘.
15E 21E

0 0.1 015 02 03 04 05 06 0.7 08 09 1

(x100=%)



G-SDSSBM: SOIL MOISTURE AND TEMPERATURE

A ECMWEF analysis on 0728&solution, for each day for 00 and 12 UTC for Jan., Apr., July and Oct. fferitive 20142018for the top soil layer.
51 0F gSNB UNXY¥YaF¥F2NN¥YSR U2 on |NDaSO NbazfdzuiAzy 0 ex0.23adarod J0mrgsdac rasdfuson tayes |
the same values as value representative for that grid box in original files.

Soil moisture data Soil temperature data

For each month from this-$ears period is derivechinimum value For each month from this-$ears period is derivethaximum value

Using minimum soil moisture content instead of average can representUsing maximum soil temperature instead of average can represt

maximum possible dryness for each grid pothiat may happen in maximum possible nofrozen conditions for each grid poirthat

present and probably near future climate. may happen in present and probably near future climate.

Soil moisture is used to defiri&\F(soil mositure factor). Soil temperature and moisture is used to define
TFHtemperature freezing factor).

JANUARY
0

S0W 90E

JANUARY

260 265 270273.15275 280 285 290 300 310 320 330

0.0010.005 0.01 0.05 0.1 0.15 0.2 0.3 0.4 05 0.6 0.7



G-SDSSBM: BARE LAND FRACTION (1)

MODIS EVI data

A

A

Using minimum positive value instead of average can
representmaximum possible bare land fraction for
each grid poinithat may happen in present and
probably near future climate.

JANUARY
0

MODIS EVI data are derived for months January,
April, July and October for every year in the period
20142018

Data are from MOD13A3 dataset on 1km resolutior|

For each month from this-gears period is derived =
minimum positive value

Bare land fraction is defined fronkV|,;, for each
month.

EQ

308

0 0.1 0.15 0.2 03 04 05 06 0.7 08 0.9



G-SDSSBM: BARE LAND FRACTION (2)

MODIS land cover data

A 180 90w 0 90E 180

MODIS land cover data product MCD12Q1 Version 6, variable LC
Typelc IGBP classification

A Annual dataset on 1km resolutiomas not available until 2018: used
data for 20122016 (maximum extension of4 types). 30N

A Used for recognition of type of sources and to support EVI
parameterization of bare land fraction

EQ

MODIS land cover types, simplified map obtained from data 20I5:  sos
1) barren or sparsely vegetated,
2) cropland and cropland / natural vegetation mosaic,
3) grasslands,
4) open shrublands, :
5) closed shrublands, 6) woody savannas and savann = T 5 = 5
7) forests, 8) urban and buillp, 9) water, 10) permanent wetlands.

Land cover types 1)4) can be SDS productive.
MODIS data are used to determiri@_Hbare land fraction).




G-SDSSBM: ALGORITHM (1)

Calculation of SDS sources intensity: emission scheme applied

% initialization over land SOURCE=0

bare fand fraction BLF BLF=0 1 source-0 | definition of bare land fraction (look at previous slide)
BLF>0
T TFR definition of soil freezing temperature depending

freezing temperature TFR SOURCE=0 . . .
on the soil moisture (look at net slide)
T>TFR

definition of soil moisture factor for emission reduction outside

S

=

o

S

L

&)

®©

)

é il moi f SMF

° soflmoisture factor arid and semarid areas (look at next slide) _ _

= | | | TXF (soil texture factorg
e assumption: strong wind that can produce SDS can happen factor for contribution of
S cLAY ST >AND everywhere: run emission scheme for each particle size  particle categories:

o | | | category (clay, silt, sandnder assumption that friction A TXF=0.17 for clay

> EMISSION EMISSION EMISSION velocity is 1m/s including impact of soil moisture depending A TXF=1 for silt

;__%’ | | | on the clay content (Fecan et al. 1999) and SMF A TXF=0.05 for sand

v total concentration cToT calculate total emitted concentratiorclay+silt+sang

- - .

- N p— calculate 99 percentile of all values and scale with |it =rmission functl?]n. 2

normalization erc . . *t i
P (for results above 1 is assigned value 1) SC; ~ SINF; x [1 - (U—) ]Uf
S SOURCE final result: SOURCE = SDS source intensity SINF =BLEx TXEx SMVF,
Sources with maximum value 1: (Nickovic et al. 2001)

A top 1% intensity of all global SDS sources.



G-SDSSBM: ALGORITHM (2)

If land cover type gives an information that surface is bare or sparsely vegétgped 14), or it can be bare or sparsely
vegetated in some seasons (seasonal and occasional SDS sources), excluding urbanandnsaitd
value ofEVI over these regions provide furthaformation about fraction of bare surface:
At26SNI GKNBaK2fR T2NJ 9+L A& aSd G2 nonuz G2 SEOf dzR!
A from 0.02 to 0.03, BLF is linearly increasing to 100%, and stays 100% for all EVI values bellow or equal to 0.1; 1

values from 0.1 to 0.15, BLF is decreasing from 100% to 0%;
A SALISOALFtte FT2NJ ol NNBy¢ flFyR O20SN) GelLISs @I f dzSa 2

, dependson soil moisture
If the soilisdrier (lessthan 0.2) it isassumedhat TRHAs 260K
If soil moisturecontentis equalor above0.2, TFRncreasesasSMCGincreasesup to value272Kfor SMC0.4, whichis nearthe maximum
SMCfor mostof the soils
If input soiltemperatureis abovedeterminedthreshold TFRsoilis not frozenandis possibleto produceparticlesemission
If input soiltemperatureis equalor lower than TFRsoil particlesemissionis not possible

To Do o Do

Soil moisture increase threshold friction velocity for emission (depending also on the clay céeigantet al. 1999 this
parameterization is based on the observations for arid and sedisoils for wetter soil surface additional reduction factoeeded.
SMFincludesadditional restriction on emission if the SMCis higher than 0.15, SMFdecreasedrom value 1 (100%), accordingto
formulae0.15SMC,meaningthat for wet soilsit decreasesip to third of efficiencycomparedto dry soils

A Noupperthresholdfor SMCfor emissionis defined,becausan highwind conditionssoil surfacecandry fastand emit someparticles

o

To




G-SDSSBM: RESULTS (1)
G-SDSSBM: MONTHLY

180 90W 0 90E 180
180 90W 0 90E 180
OCTOBE 5/
-
60N =, e A S
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G-SDSSBM: RESULTS (2)
G-SDSSBM: ANNUAL

180 90w 0 90E 180

60N

\ 30N

\

\

Ginoux et al.
(2012)

Annual average global SDS source base mapémanent SDS SOUICES| permanent sources are considered

] | [ [ | | [ | here as sources that have intensity
0 01 02 03 04 05 06 0.7 08 0.9 0.99 value above 0 in all months.




