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Characterizat ion of turbulence andthermodynamic stability in the AtmosphericBoundary Layer for air quality and networkapplicat ions
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Characterizing the structure and evolut ion ofABL
• ABL st abi l i t y st r uct ur ei nf l uence t he di sper si on ofpol l ut ant s, t her ef or echar act er i z i ng t het her modynami c st r uct ur e of t hi sl ayer i s r el evant f or ai rqual i t y appl i cat i ons.
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Characterizing the structure and evolut ion ofABL
• ABL st abi l i t y st r uct ur e i nf l uencet he di sper si on of pol l ut ant s,t her ef or e char act er i z i ng t het her modynami c st r uct ur e of t hi sl ayer i s r el evant f or ai r qual i t yappl i cat i ons.
• Local c i r cul at i on and t ur bul encedue t o di f f er ent sour ces det er mi net he CBL hei ght and t he r esi duall ayer char act er i st i cs, whi ch i nt ur n ar e al so det er mi nant f or ai rqual i t y ( Q. Li et al . 2021) .
• A bet t er knowl edge of ABL pr ocessesi s essent i al f or i mpr ovi ng t hepar amet r i zat i on of t hese pr ocessesi n numer i cal model s ( Löhner t et al .2014) . 4



JOYCE: Jülich Observatory for CloudEvolut ion
• ACTRI S Nat i onal Faci l i t y f or Cl oudRemot e Sensi ng at JOYCE has beenoper at i ng f or mor e t han 10 year s
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Strong strat ificat ion cases
• Whi l e weak st r at i f i cat i on i nABL i s bet t er descr i bed bysi mi l ar i t y t heor y andnumer i cal model s, st r ongst r at i f i cat i on i s mor edi f f i cul t t o r esol ve ( Mahr etal . 2014) .
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• Whi l e weak st r at i f i cat i on i nABL i s bet t er descr i bed bysi mi l ar i t y t heor y andnumer i cal model s, st r ongst r at i f i cat i on i s mor edi f f i cul t t o r esol ve ( Mahr etal . 2014) .
• Ai r pol l ut i on epi sodes ar eknown t o be st r ongl y r el at edwi t h per si st ent t emper at ur ei nver si ons ( Lar ger on et al .2016, D. Zhao et al . 2019) . Mexi co Ci t y
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Synergist ic approach: Turbulence andstability
Wi nd component s and t her modynami c pr of i l es wi t h hi ght empor al r esol ut i on avai l abl e at JOYCE
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Synergist ic approach: Turbulence andstability
Doppler w ind lidar• Back- scat t er and moment sof t he Doppl ervel oci t i es al l ow t ocl assi f y t he t ur bul encemi xi ng i n t he ABL( Manni nen et al . 2018) .

Wi nd vel oci t y and t her modynami c pr of i l es wi t h hi ght empor al r esol ut i on avai l abl e at JOYCE
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Synergist ic approach: Turbulence andstability
Doppler w ind lidar
• Back- scat t er and moment sof t he Doppl er vel oci t i esal l ow t o cl assi f y t het ur bul ence mi xi ng i n t heABL ( Manni nen et al .2018) .

MWR
• Temper at ur e pr of i l es ar eused f or boundar y l ayerst abi l i t y r esear ch ( Saeedet al . 2016, D. Zhao etal . 2019) .

Wi nd vel oci t y and t her modynami c pr of i l es wi t h hi ght empor al r esol ut i on avai l abl e at JOYCE
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Doppler lidar ABLClassificat ion

( Manni nen et al .2018)
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Thermal stability fromMWR
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Thermal stability fromMWR
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Comparing convect ive layer heightand 𝑵𝟐
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𝑵𝟐 tested for ABL classificat ion (T. Marke)
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𝑵𝟐 tested for ABL classificat ion (T. Marke)



Preliminary Conclusions
• Empl oyi ng JOYCE obser vat i ons wi t h hi gh t empor alr esol ut i on al l ow us t o bet t er characterize theevolut ion of ABL stability and turbulence , whi ch ar ecr uci al pr ocesses f or model i ng and ai r qual i t yappl i cat i ons.
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• Combi ni ng MWR wi t h DL gi ves compl ement ar yi nf or mat i on on ABL st r uct ur e and i mpr oves ABLcl assi f i cat i on.
• The i mpl ement at i on of 𝑁2 i n t he ABL cl assi f i cat i on,al l ows t o ident ify more accurately the sources ofturbulence .
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Preliminary Conclusions
• Empl oyi ng JOYCE obser vat i ons wi t h hi gh t empor alr esol ut i on al l ow us t o bet t er characterize the evolut ion ofABL stability and turbulence , whi ch ar e cr uci al pr ocessesf or model i ng and ai r qual i t y appl i cat i ons.
• Combi ni ng MWR wi t h DL gi ves compl ement ar y i nf or mat i on onABL st r uct ur e and i mpr oves ABL cl assi f i cat i on.
• The i mpl ement at i on of 𝑁2 i n t he ABL cl assi f i cat i on,al l ows t o ident ify more accurately the sources of turbulence .
• The present turbulence and stability characterizat ion can becombined w ith in situ observat ions of aerosols in the frame ofACTRIS.
• Future: est i mat i on of Ri char dson number and t her modynami ci ndi ces wi l l hel p us t o bet t er char act er i ze t he ABLst abi l i t y and i dent i f y sour ces of t ur bul ence.
• Future: i nvest i gat i on of sensi bl e and l at ent heat f l uxesi n ABL empl oyi ng hi ghl y r esol ved t emper at ur e and WVmeasur ement s ( f r om Raman l i dar ) and vel oci t i es ( f r omDoppl er l i dar ) .
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