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General introduction



Chapter 1 | General introduction
1.1 Background

1.1.1 Global change driving water scarcity
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study changes in climate and land use using model simulations and isotope data
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shaped the future of climate science and policy in the decades that followed (Bony
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contributes to more frequent and severe extreme weather events such as droughts
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1.1.2 Solutions to water scarcity?
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Box 1.1 Regreening and forestation

/..."A 1...iA"A OAiA 1..i Ve "Vi«l ev A|}A|i”R}ngeAnlhgl--A>AvwceA|Al>| e
~iAl >A iVeAPAli* AiAleA>i"e”™ >7" ""V.0 iA] LOI "A el ontTi Tee]
Forestation “A “iw~i> >A >~ ""VAi>Ai "~ veeAiAl Ve UiA > ""VeO iA Leel.. Aiv
A dT..i AiAleA>1"e” v veAiAilA] > >vveAiAi>1"e”] U.. V.. “iAVA“L

Ai}cee”A U°1...e0l «Ai0"eOA T1Aii VeeUiA°
[..i ®@UiA>ee > v 1.."A 1...iA"A veVOAAIA =~ A|}Aii””}° eUiliA]

A«iV'wV>eeb " veeAiATA® ... >«liA { veVOAIA Aceieb @™ veeAiAIA Tce
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1.2 Climatic effects of forests

1.2.1 Local cooling or warming?

Vegetation helps to compensate for the anthropogenic carbon emissions by

capturing CO, for photosynthesis and storing it as biomass in vegetation and
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effective at reducing atmospheric CO,] >~ Al>L"«"a" "} 1 N s -
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The combination of these different factors determines whether forests contribute
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these temperate regions there is an intermediary effect that is dependent on soil
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1.2.2 Local drying or wetting?
Evapotranspiration links the surface energy budget to the hydrological cycle and
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The cycling of water between land and atmosphere can be referred to as the
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Regreening can also contribute to local drying due to enhanced evapotranspiration
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moisture transport it is not straightforward whether an increase in evapotranspiration
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regreening initiatives should be conducted in regions where evaporated water
AITOA"A >A «AiV «i>1"e” seV>eep®

[ iAD " TiA "2 «AeViAAIA] Aie>li> Toe 1.1 iTiA}p L>e>"Vi > . F
“"TAe OVi l..i Ve“«eiY"Ib cev 1...i >Al.. APAITi“° Joe vDeeb O™ iA~
“>p Ve TALOTi Tae A>""v>ee i~ .>"Vi“i"l > ""VAiI>Ai> U>1iA >0>"«
™ “>"p ""vVviAiTl «AeViAAIA “OAl Li iY«eAi'® b ""UiAI"}>1""}

1.1 "A +cAl 1..Ae0O}... iU>«®iA>"A«"A>1"e™ AiIIOA“A >A A>""
A1 O .00 iA Ai}ATI™ ") Ve TALOTIA Tee i...>"Vi® VAIA..U>1iA «

[.."A v>" Li A0 "i"] U 1...ceOl iY«e "V ieb AIO P "} >ee v I..i
OA~"} >1*eA«...iA"V “c"ATOAI AivbVe""}°

1.3 Atmospheric moisture recycling

1.3.1 Terrestrial moisture recycling
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the chances of evaporated water to return as precipitation over land and boosts
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1.3.2 Zooming in on moisture recycling
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Figure 1.1. A schematic overview of terrestrial moisture recycling, including local moisture recycling
(R). Evaporated water that does not return as rainfall locally, yet returns as precipitation over land
can be considered targeted rainfall enhancement (P ). ET: evapotranspiration

1.3.3 Atmospheric moisture tracking
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Figure 1.2. Method and output of a Lagrangian moisture-tracking model. Top: in a Lagrangian
moisture tracking model air parcels are released at the evaporation source. These parcels are
tracked through the atmosphere using information on wind speed and direction, precipitation,
evaporation and atmospheric humidity. Along their trajectories, parcels release moisture in
the form of precipitation. All the parcel trajectories are combined in the evaporationshed or
precipitationshed. Bottom left: the evaporationshed describes where the evaporated water
from below the red dot precipitates. Bottom right: the precipitationshed describes where the
precipitation in the location below the red dot originated from as evaporation. The evaporationshed
and precipitationshed are the multi-year (2008-2017) average for the month July.
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1.4 The underlying dynamics of summer precipitation

*AeViAATL>Ai> “c icA V>~ Li OAi> Toe AIO b 1...i "“«>VI1 cev Ai}Aii™""]
P> VA v «AiV i« I>1"@e™ ""i "“«eAl>"1 TATUIA v ceV>e «AiV
which is the vertical transfer of air through the atmosphere driven by temperature

JA> CiTTA° e 0ivite™ "A > "“«eAl>"1 A UiA cev AD““iA «AiV «"l
i1 > 0i Al %A AQAvV>Vi T..i 1...7°7 «>PiA cev > A >LeUi
Ai>AIA Tee AAi° 7..i" 1...i AA~"} >*A Ve~i>""A AOvwV~i~i U>iiA 0>
Ve UivVIitOi A>""v>ee] U..."V... "A cevii” Aii” >1 1...i i”> cev l...i >VIiA~
>p -7>ee>Vi >" @LLA O44E®° e UiVite™ V>~ TA}}A T...i veeA“>T
1.1 Ji0iece« U"1...7" > A Al «iA"e” v "I > ™ > UiAb cccV>.

of these clouds is strongly dependent on land surface characteristics and affected by
> tOAI V..>"}A - >"A il >¢° Q4££/£ 80 il >+° 0400®"°

The underlying processes of convective rainfall take place within the atmospheric

LeO " >Ab +>bPiA° /..i >1“®@A«...iA"V LeO " >Ab «>biA "A 1..i sce
>1“eA«...iAi] “"AiViep ~"yOi“Vi® Lk 1A Ve i>VI U%l... 1...i >Al.. %A |
T...i > AOAv>Vi] l...i AOAv>Vi U>A“A 1...i >"A >LceUi 1] AiAD-I""}
To.i Jii«i”™™"} cev 1..i LeeO" " >Ap ¢>pbiA --10e¢e £™Mpn®° /...i >1"A«
V>~ }AeU O« lee AiUiA>e Z e “ilAiA i«i™ ™"} @@~ “"vviAi"l v>VieAA]
cev ...i>1""} >1 1..i AOAv>Vi > ..U i>A%ep >~ >"A «>AVis V>~ A"
Al>L"«"1b cev I...i >1“cA«...iAi --10ee £™Mnn®° /...i IP«i cev +>"" VeeUi
> AeOd}..."iAA v l..i «>7> AOAv>Vi ""yOi"Vi 1...i iYV..>"}i o
LiTUI™ T o> > >i“ceA«...iAi] > 1..iAiveeAi] 1..i "i0iece«*i"l cev |
Led " >Ab «>biA > Yii« Ve UiVi“Ui VeeO A 1..>1 V>~ }i"iA>1li Ve~
E™MNnAE e " }A il >+° OAELEA 6>~ iiAU>>A"I" > [i0«""} O4E£{&E 6"+D
il >e° OAEX®° -"“Oe>1""} 1..i O iA+bp "} «AeViAAIA v I...i >I“eA

development provides insight into how land cover changes affect the development of

Yl Ve UivitOi VeeeO A 1...>1 V>~ TA"}}A Ve UivVIitUi «AiV i« 1>1" e’
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Figure 1.3. The Mediterranean-type climate regions across the globe as studied in this thesis:

south-west US, the Mediterranean Basin, central Chile, the Cape region of South Africa, and south-

west Australia. The Mediterranean-type climate regions are based on the Képpen-Geiger climate
ENCUUK,ECVKQP 2GGN GV CN 6Q QDVCKP ,XG EQPUGEWVKXG CTG
areas with a semi-arid climate are included.
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1.6 This thesis

1.6.1 Knowledge gaps
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The local return of evaporated water as precipitation may provide insight into whether
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1.6.2 Research aim, objectives and thesis outline
The aim of this thesis is to understand how regreening can contribute to local
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T° Determine the impact of forestation on the development of the atmospheric boundary

e>piA > tii« Ve UiVIi“Ui VeceO A "~ 1...i i 1iAA>"i>" >A""°
{° "AVOAA ..U i>A}ili> A>""v>ee i".>"Vi“i"]l V>~ Li >~ eL+iVI"Ui v vee
x° 0>e0>li 1...i AeV©il>e "“«>VI cev I...i AiAi>AV.. Ve " OVIii® veA 1.."A |
INChapter2] 1...i *ceV>e iU>«eA>1"e™ AiVPVe""} A>1"e "A pd>"1"wi> DA™}
“oe”ATOAI Ve ~iVitee A >1 1...i ..."}...iAl A«>1">+ AilGapfi3ck™ VOAAI" Ik
OA "} 1..i A>*i .."}...tAiAeOI"e” “® AIO0AI Ve " iVI"e "A] seV>: «A
HO>"1"wi'°® aeecU""} 1...i AiAe+Ol"e™ cev l...i >1“eA«...iA"V “e A0/
iTCTIAA>TI>"t1b«i Ve >1i Ai} e ™A] 1...i eeV>e iU>«eA>1"e™ AiVPV.""}
T...i VA>VI"e” cev iU>«eA>1i" U>T1iA 1..>1 AiTOA"A >A «AiV « I>1"e™ |
AeOAVIAE 1..i ccV>e «AiV « 1>1"e™ AiVPVe""} "A Jiw™i> >A 1..i >0

A~} >0 Utl...7" v>° xaZ* vAe* U...iAi "1 A>""A ®0l°

InChapters2and3] Ai>1"AI"V>e “ce’ieA >Ai OAi* lce >">pAi >~ ""AVOAA T
between local evaporation and precipitation recycling and various atmospheric and

«>"" AOAvV>Vi V..>A>VIiA"AI"VA° [...iAi > >«pAiA «AU~i ""A"}..1.
ceV>e “"AIOAI AIVPVe""} >7 o> " t>1"A«...iAi ""TiIA>VITe™A] 1.0

U>A~>L"« 1P >VA®eAA 1..i wOi “>ecA i "1iAA>"i>"fib«i Ve “>]i A
show which atmospheric and landscape characteristics promote high local moisture
AivbVve "} > U 1.."A U>A"iA >VAeAA 1..i wOi i liAA>"i>"1]
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iTTTiAA
“>p 7.,

l...iAi V..>«liAA .ie« Toe ">AAcU U~ U..iAi "~ 1. iAi
Ai}ce™A AilAii~""} “>b i >"Vi «AiV «I>1"e” > U...iAi "l
InChapter4 > «AceViAATL>Ai “ ise "} >««A®>V.. A OAi> ie A “C
a land cover change from bare soil to forest on the development of the atmospheric

LeO " >Ab «>PiA > Yii« Ve "UiVI"Ui Ve O A "~ 1..i i"1TiAA>"i>"
provides insights into how part of the atmospheric dynamics could be affected by
veeAiAl>T"e” > .U 1.."A TA>"A«>1iA Tee V..>"}iA "~ Ve UiVI’
Chapter 5 dives deeper into the potential of forests to contribute to rainfall

eU0 " 7. 0iAISA L >«liAA Of{ veeVOA ®” c@V>e AiVbVe""}]
“e fteeV>e AiVPVe "} /.."A V.. >«liA iY«eeAiA 1...i Ai>litoevii.
1.1 >eeU Toe ""Ti}A>1i 1>A}ili> A>""vy>ee i" . >"Vi“i"l " vaeAiAl:
[...i AiAi>AV... e0i«OIA vAce* ..>«iiAGhaptex$Ak.i0¥.O0>TAVOAAIA
if the transdisciplinary research approach that was adopted in this PhD research is

Li“iwV~™>e Toe }i"iA>1i AceV7il>e "“«>VIi > T...i "i0icce«“i”l cev >~ i>A-

Boundary
layer model

Regional

Regreening projects for

natural water production

Figure 1.4. Schematic overview of how each of the chapters (CX) in this thesis contribute to the
realization of the strategic planning of regreening projects for natural water production (green
arrows). The content of Chapters 2-5 is used to assess the societal impact of the research activities
that relate to this thesis (grey shapes). The blue colours indicate the chapters that study atmospheric
moisture recycling on various scales, with the colour intensity indicating different methods. Chapter
RTQXKFGU C IGPGTCN KPVTQFWEVKQP HQT VIJKU TGUGCTEJ CPF %JCR
contribute to realizing regreening projects that contribute to natural water production.

21



The focus of this thesis narrows from Chapter 2 to Chapter 4 as Chapter 2 adopts a

JeeL>s «iAA«iVITOI] ..>«liA T iVY>*"iA i""TiIAA>"i>"tiP«i Ve *>1i A
T..i }eceLi] >7°  ..>«liA { VITTAIA 1...i i"TiIAA>"i>" >A""° ~ >«
i..i veVOA cev 1...7A 1...iIA"A iY«>""A >}>""° . >«liA x > e«lA >

"1 "AVOAAIA T...i "e"feceV>e ..b Acece} V> ivviVi cev veeAiAI>]1"
AiAi>AV.. w™ " ""}A ""lee «iAA«iVI“Ui Lb iU>«0>1""} ..U 1...iP Ve
AeV’il>e ““«>ViChapterFRp~1...iAaiA 1...i ceUiA>ee w"""}A v I.."A
describes how the outputs may be used to strategically plan regreening initiatives

T..>1 > veeA A>""vy>ee 7. >7Vi“i"l] > ""AVOAAIA e««@AIO™17iA \
schematic overview of how each chapter contributes to the realization of the strategic

«e>""""} v AiYAIIT"} 17517 00A veeA ">10A>e U>1iA «Ace OVite™ "/
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Local moisture recycling
across the globe



Chapter 2 | Local moisture recycling across the globe
@e>""> /..ii®UI"] A% -1>>] "LLi /O""i"LOA}] iAl >“i«iAA E -liv>" iZZiA

This chapter has been published as:

[...iiOUI"] ©° ° °] -1>>¢] ,°]1 /O""i"LOA}] "°,°] >*“i«iAA] °6° °]1 E iZZiA] -° °
“@ AIOAI AiVPV+""} >VA®ARME d}Pp eLic>Al... -PAGC-GRIT\EHKICtE{CE®
Abstract

Changes in evaporation over land affect terrestrial precipitation via atmospheric
“e@ " ATOAI AivbVe""} > Ve Aipdi"lep VAIA..U>1iA >U0U>"e>L"

“e”ATOAI AiVPVe "} >1 Ai} e™>e >"" Ve I ""i"i>e AV>+iA >Ai Aie>1"(
the patterns of local moisture recycling and the main variables that impact it remain

077U~ 7i V>eVOe>li l...i eccV>e “"AIOAI AiVPVe""} A>i"ce -
i0>«eA>1i" “e@ AIOAI 1..>1 «AiV « 1>1iA U"1..7" > ""AI>"Vi v
vAe* "TA AceOAViI] "i"i"vb U>A">LeiA 1..>1 VeeAAi«>li U"1.. "I
AIO P "TA “@’is Ji«i™i"VP° 7i "iA"0Ui Ai>A®™>s >7" >""0>. , OA""
Ve “>leee}b -044nqO04E£EC® v “ 1...eb >UiA>}i" >1“A«...iA"V “@
> AV>ei ev 4°xc e@LI>""i" vAe"* > >}A>"}">" >i“eA«...iA"V “e Al
7i w™ 1...>1] >7"0>eep] @~ >0iA>}i £°C~ -Al°i0° r £°£°® cev iU>
AiTOA™A >A «AiV « 1>1"@™ seV>eebp] LOI U"1... +>A}i li“«eA>e >7" ]

, «i>ZA "7 AO““iA > eUiA Uil > “e071>""edOA Ai} e A° "OA
I..>1 Uil"iAA] eeAe}A>«...p] «>17107i] Ve " UivI"0i >0U>"e>Lei «c

A«ii’] > leel>e VereO Ve UiA Ve AAis>li Vei>Aeb U"1... ] """V
Uil Ai}cee™A U T... ¢ 1lei U > AlA@e™} >AVi© """} >"A >Ai v>U0e0
"">eep] Ui W™ T..>1 A«>1">e «>11iIA"A @V eeV>e AiVPVe "} >A
CVVIATTT “oetieAl Pil 1.0 “>}77101 ev AivbVe "} U>A"iA° "OA AiAC
AlO b "“«>VIA v iU>«@A>1"e”™ V..>"}iA @ eeV>e «AiV « 1> @’
VeeA iY>“«ei] AiYAIIT") >7 U>TiA “>~>}i“i"1°

“1.."A V..>«liA] AD««ei“i"Ii>AP i>LeiA > w}OAiA >Ai

AiviAi“Vi® OA~"} >~ YU-% -i°}°] />Lei -£] "}OAiI -O®° /..iAi
supplementary materials are not included in the thesis

“TAiev LOIT V>~ Li >VViAAi® 0°> [..i voeseceU""} "7 > + ¢
code: Supplement to Chapter 2 .
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O°f "1Ae"OVie~

Jd*eA«..iAV “® "AIOAI Ve " iVIiTe A Ai""AIA"LOIi U>liA vAe"
lee «AiV « 1>1"e”™ A"ZA] >vviVI™"} Ve “>1iA }ealL>+eb] Ai} ™
connections are key in the global hydrological cycle and are used to understand the
““«eAI>"Vi cev 1HAAIATA >e iU>«eA>1"e” veeA U>1iA >0>"e>L"e"]

V>~ 1A>0ie O« lce 1...ceOA>""A cev Z sce“ilAIA "~ 1..i >1*“®@A«...iAi]
V>" >vviVl «AiV i« 1>1"0e” °" > «>A}i >Ai>° " iU>«eA>1"e"A...i" -6>
O4£1® “"iIAVA LIA U...iAi iU>«eA>1i" “e”ATOAiI VAe" > A«iV wV A
> 1...iAiveAi] V>~ Li OAi" 1ee AIO P -£® 1...i V..>"}iA °~ «AiV «"I
following a change in evaporation in the source region and (2) atmospheric moisture

AiVbVe "} e@L>eeb] “ccAi l..>" ...>ev cev liAAIATA">e iU>«A>Ii"
> _6>" “iA "1 il >e° Oafa&k /O0°"i"LOAY il >.° 0a0aL®] U.."V
THAAIATA > “”ATOAI AivbVe "} " 1"e™>eeb] >LeO] ..>v

A"} >TiA vAce® «>7 -/O""i"LOA} il >+° 0a0&aL®° i"Vi] 1iIAAIATA"
W>A > "tk Al>"T VeTTATLOT ™ Tee U>TiA >U>"e>L e 1P° A
U>1iA AiAeOAVIA A"} ">1iA vAe" iU>«eA>1"e” eUiA OA>A">

OAT..iA*eAi] >Ai>A V>~ >e¢Ace vii® «AiV '« 1>1"e” le 1..i"Ai-
“e”ATOAI AiVvbPVe "} ~ 1.0 ,“>ae” L>A""] ET” cev I...i iU>«eA>Ii" "
U T..."" T..i L>A"" “TAisv -/O""i"LOA} il >+° 04a04L®° [iIAAIATIA"

Ve A iAIT >7 iVee APATI® AiIAUVI - iPA il >e° QALEA >+Zi"“>AZ il
>e“ce Al 04" cev 1HAAIATA >e «AiV « 1>1"e” A"} "">1iA vAce* Ui}il>
AiVPVe "} - iPA il >¢° O4£E®° @U 1..."A iVeAPAIli* AiAU"Vi "A
“iveeAiAl>1"e”] V>~ Li A0 i OA°"} >1*eA«..iAV “®@"AIOAI Ve~
e"ATOAI AivbVve""} ..>A Lii” OAi> lee AIO P "U 0" "“«>VIA «
- >}eib il >¢° OQA£O0A& iPA il >«° OQA£0& 7>7}F Ae>""AARce” il

>vviVli Leel... T..i “>}7710%1 > «>11iA” cev “ce”AIOAi AivbVe""]
O4a£{®] > " 1...i "“«>VI cev iVeeAPAIi“A &~ cl..iA iVeAPAIi“A -"
i"Vi] >1*eA«...iA"V “e"AIOAIi Ve~ iVite~A V>~ Li OAi> veA VA
Tee O iAATI>"" >7 “>">}i 1.0 "“«>VIA cev «>"0Ai V..>"}iA "o

V...>"}A "7 VAIA..U>TiA >0>"«>L"«"1P veeA "AA"}>1"e” > ">i0
il >e° Q404K 1i 77IAZ il >+° Q40£®° @A iY>"«si] «AiU"®eOA 2
{x cev l..i >Al..%A «>"" AOAv>Vi] >~ ""VAi>Ai "~ Ui}il>1"e” "A L
U>1iA >0>"e>L"e"Ib - O il >¢° 0400®"°

-e V>A] >">ebi"V>e AiVPVe "} “aicA > “"AIOAITIA>VZ "} “oe
study terrestrial recycling and downwind impacts of land cover change on global and

Ai}ce™>e «ilisA - OA i > <>7"}0" Q44LAE 6>~ iA “1 il >+° O4f
veeVOA ™ 1...i Ai}"e™>e« AiVbVe "} veeA A«iV'wV Ai}"e~A] U"1... >
500km up to several thousands of kilometres -i°}°] il1>0 il >e¢° £M™MC™/E [Ai~I

27



gmmmE OAY | OA44ELA o "}0ia il >+° QA4E/LE -1>>¢ il >¢° O4£n®°
AiVPVe "} ™ > A«>1">e AV>ei cev £°xc ...>A Lii~ A1O "i" }eceL>eep OA"
T1A>VZ""} “e’is] >AAO“""} > Uieet“ Vi >1"A«...iAi -6>" "iA 7l

Oaf£®° 1 U>A “iL>1i> 1..>1 Ai}Toe™>« AiVPVe "} A>1"eA >Ai ~"vwV(
CVVIAITVIA T T All>«i >7 Atai cev T..i ATOTCI Ai}ce”A -6>" TiA
OALE£®° /..iAiveeAi] 0>~ iIA ~1 > ->0i " i -O4££® “iw™i" 1..i b«
cev iU>«eA>1"e@” AivbVe""}] U.."V.. V>~ Li OAi> le Ve“«>Ai LilUi
SA ST A “Ti«i™il cev b..i Al ee" A Atai > A>«i® /LA it} A
““VAISA"} Ai}oe">e AiVPVe "} > '] 1. iAiveAi] A > «<AeYP veeA >~ >
eUiUiA] "1 "eiA "cel >eeceU veeA 1..i pO>"I"wV>i"e” ev i..i >0
O 1.7 T Ciw™is AiYcee™ >7 1. iAive Al “eiA "l «AceU™ i ub>"1"1>1"
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i7..>"Vi iU>«@A>1"e” e@V>eeb - AU~ il >¢° Odaax&E >VZAce™ il
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[...i Al>Titeevil..it>Al ..."}...1AiAe01 e~ >1"®A«...iA"V " "AIOAI V¢
T..i >}A>"}">" >1*®@A«...iA"V “c"AIOAITIA>VZ "} “aie °1L/IA>VZ» >ee
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describes which fraction of evaporated moisture recycles within its source grid cell and

“TA i”}...1 AOAA®O™ """} }JA™ VieeA° @ AIOAI AiVbVe""} ...>A "l Lii~ /
Yo FAIAeeDite” AV>ei JeoeL>eeb® /e }il > LilliA «...PA"V>e O iA
Ui ~i71"vb U..."V... v>VieAA VeAAi>li U°1... "i1° 7i >">+pPAi I..."A v/
loe >VV@eO~l veeA “"vviAi~l Vies ATaiA >VA®AA «>17107i° >VieeAA "7\
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«oeli1">« i"iA}P] >1“®@A«...iA"V “e"AIOAI yOY] U™ A«ii’] Toel>e Vecel
e>PiA ...i"}...1 > AOAv>Vi "il Acee>A A>">1"@"™® /...iAI U>A">LeiA Aije>
eceV>e Uil"iAA] A “e"AIOAI 1A>"A«eAl >U>p vAe“1...i AeOAVi sV
>A "“«@Al>"1 v>VieeAA veeA cceV>e “e”AIOAI AivbVe""}° OAI..iA“Ai]
eUiA T...i }eeeLi > 1..A0}...ceO1 1...i Pi>A veeA > £41Pi>A Ve “>lcee
>A CTA AV>e™"} > “aeie ii”i"Vp°

28



2.2 Methods
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, AT i VASVITe” cev iU>«eA>lit “e”ATOAI T...>1 «AiV «I>1iA o
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To.i 1. A w1 e A ev E i the dinounv/of moisture evaporated from
source grid cell i,j° /...i VA> VI£|‘j teat meewipitates within its source grid cell and
TA -n A O{® "i"}..LeeOA""} YA™ Pyjes MITAKT U Vari& A 1
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r,Ir,] >7r, AiAO«T °7 “"vviAiTl ceV>e “e”AIOAI AiVPVe""} A>1"eA >VAc
-0 ® Peaks over the oceans where precipitation is relatively low and evaporation is

Aie>1"Uiep «>A}i] U.."V... AiAOQ«IA "~ Aie>1"Uieb «>A}i AiVPVe""} A>
iYVici“e"™>eeb sl U>«0iA eUiA “0"1>"" «i>ZA] bil "cel ccUiA >e»
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«i>ZA eUiA “071>""e0A > +eU AivbVe""} eUiA 1...i eeVi>"A° /.
explained by enhanced convection over mountains due to orographic lift and strong

U A ceUiA T...i eVi>~"1..>1 V>AADP “ce”"AIOAI >U>b vAe"“ 1A AeOA\
r, and r,, seem to capture multiple physical processes that are important for moisture

transport and the formation of precipitation better than the patternof r ° ~ eOA Al P

we do not focus on r,] >A “aeiA “cel "TVeO i >ee A“>eetAV>ei yeeUA v +xia
because moisture can evaporate from cell ij] >~ «AiV -« i1>1i "~ 1...i > «>Vi"l Vie.
U..7«i TA>"A«ceAl «i"}1... "A «xaz“> OAIl..iA\enAT] ardsiimilar «>11iA"A ce
> >}Aii U°1... @®OA O iAAI>""""} cev Ai+iU>"1 «AceViAAiIA] Ui “iv"™
local moisture recycling ratio (LMR) asr, Tce Zii« 1...i A«>1">¢ AV>ei >A A*>ee >A «c

oel;;“]the distance between the centre of the source grid cell and its surrounding grid
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2.3 Results

2.3.1 LMR obtained from output of UTrack
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Figure 2.1. 10-year climatology (2008-2017) of the seasonal averages of local moisture recycling

CETQUU VJG INQDCN NCPF UWTHCEG *GTG NQECN OQKUVWTG TGE]
evaporated moisture that precipitates in its source grid cell and its eight neighbouring grid cells

(r,). Different seasons are DJF: December—February, MAM: March-May, JJA: June-August, and

SON: September—November.
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Figure 2.2.r .., the fraction of evaporated moisture that recycles within its source grid cell of
1.5° (top). The relative deviation betweenr . and rWAMz_Iayers_(bottom). This deviation is calculated
using the fraction of moisture recycling within one grid cell at a resolution of 1.5° obtained from

the datasets by Tuinenburg et al. (2020b) and Link et al. (2020).
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2.3.2 Factors underlying LMR
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