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Ñëàáàÿ òóðáóëåíòíîñòü ìîðñêîãî

âîëíåíèÿ è ñïóòíèêîâàÿ

àëüòèìåòðèÿ
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Ìèõàèë Êðèíèöêèé1, Ìàðãàðèòà Ìàðêèíà1

1Èíñòèòóò îêåàíîëîãèè Ï.Ï. Øèðøîâà
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Â ýòîì ñîîáùåíèè

1 Îñíîâû àëüòèìåòðèè. Êàê ïîëó÷èòü áîëüøå, ÷åì åñòü?

2 Ñòàòèñòè÷åñêàÿ òåîðèÿ âîëíåíèÿ äëÿ àëüòèìåòðèè

3 Êàê ðàáîòàåò ôèçè÷åñêàÿ ìîäåëü êðóòèçíû âîëíåíèÿ?

4 Summary

Ïðåçåíòàöèÿ è íå òîëüêî

badulin.si@ocean.ru
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Êàê àëüòèìåòð �âèäèò� ìîðñêèå âîëíû?

Øåðîõîâàòîñòü ïîâåðõíîñòè èñêàæàåò èìïóëüñ ýõî

λc ≈ 2.2cm, Lpulse < 1m
Íàêëîí ôðîíòà ⇒ âûñîòà âîëíû Hs

Ìàãíèòóäà ⇒ óäåëüíàÿ ïîâåðõíîñòü ðàññåÿíèÿ σ0
Hs è σ0, âîîáùå ãîâîðÿ, êîððåëèðîâàíû
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Êàê ïîëó÷èòü áîëüøå?

Èìååì

Ïîðÿäêà 1 ìëí. èçìåðåíèé â ìåñÿö äëÿ îäíîé ìèññèè

(â 2017 ãîäó � 5 ìèññèé)

Ðàçìåð �ñíèìêà� Lfootprint ≈ 5km � òî, ÷òî íàäî äëÿ

îïåðàòèâíûõ ìîäåëåé

Ôîòîãðàôèÿ èëè êèíî?

1 Ïàðàìåòðè÷åñêèå ìîäåëè Hs σ0 ⇒ ??? èç �òî÷å÷íûõ�

èçìåðåíèé

2 Ôèçè÷åñêèå ìîäåëè � òðàåêòîðíûå èçìåðåíèÿ �

�êèíî�=äèíàìèêà âîëíåíèÿ
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Ñòàòèñòè÷åñêàÿ òåîðèÿ âîëíåíèÿ äëÿ
àëüòèìåòðèè

Óðàâíåíèå Õàññåëüìàííà

∂E/∂t + Cg∇E = Snl + Sin + Sdiss

Äîìèíèðîâàíèå Snl � KZ áàëàíñ ýíåðãèè è ïîòîêà{
∂E/∂t + Cg∇E = Snl
〈dE/∂t〉 = 〈Sin + Sdiss〉

(1)

Eω4
p/g

2 = αss

(
ω3
pP/g

2
)1/3

; where P = dE/dt

Èçìåðåíèÿ íà òðàåêòîðèÿõ äàåò òîëüêî ïðîñòðàíñòâåííóþ

èçìåí÷èâîñòü

dE/dt → Cp∇E

Æåðòâóåì âðåìåííîé èçìåí÷èâîñòüþ (?!)
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Ôèçè÷åñêàÿ ìîäåëü äëÿ êðóòèçíû âîëíåíèÿ

Ïðîñòîå âûðàæåíèå äëÿ ïåðèîäîâ

Badulin, S. I. (2014), A physical model of sea wave period from
altimeter data, JGR Oceans, 119, doi:10.1002/2013JC009336.

Tp = 21/5πα
−3/10
ss

√
Hs/g |∇Hs |−1/10; αss ≈ 0.67

Î÷åíü ïðîñòîå âûðàæåíèå äëÿ êðóòèçíû

µ = 2−2/5α
3/5
ss |∇Hs |1/5 = 0.596|∇Hs |1/5

where steepness is de�ned as follows

µ = 〈akp〉 =
π2Hs

gT 2
p
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Äâà âàæíûõ ìîìåíòà

Ïðèìåíèìîñòü ïðîñòîé (ñëèøêîì ïðîñòîé)
ìîäåëè;

Çàíèæåíèå çíà÷åíèé ïðè îöåíêàõ âäîëü
åäèíñòâåííîé òðàåêòîðèè
(cos θ)1/5 or (cos θ)1/10

Î÷åíü âàæíîå ÇÀ
Íàøà êèíî-ìîäåëü äàåò ìãíîâåííîå çíà÷åíèå, íî íå

�íàèáîëåå âåðîÿòíóþ� (best �t) îöåíêó ïàðàìåòðè÷åñêèõ

çàâèñèìîñòåé (ôîòîìîäåëüíóþ)
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Pointwise vs gradient measurements 1
Wave steepness (unknown wave direction)

ERS-2 � European Remote Sensing Satellite (1995-2011)

Envisat � Environmental Satellite (2002-2012)

Jason-1 � Joint Altimetry Satellite Ocean. Network (2001-2013)

Parametric � Hs , σ0 � best �t

µ is the most probable for a

pair (Hs , σ0)

Physical � ∇Hs � here and now

µ respects a physical law for a

pair (Hs ,∇Hs)
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Pointwise vs gradient measurements 2
Wave growth in dimensionless H̃ = gHs/U

2
10 and T̃ = gTp/(2πU10)

Parametric � Hs , σ0 � best �t

The most probable Tp shrinks

distribution for a pair (Hs , σ0) �
µ is almost constant

Physical � ∇Hs � here and now

The physical law for a pair

(Hs ,∇Hs) respects physics of

wave growth

Dashed � constant steepness;

hard line � the Toba law Hs ∼ T
3/2
P
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Buoy-satellite match-ups
Parametric vs physical

Match-up: ∆R < 30km, ∆t < 30 minutes

The along-track estimates of the peak wave periods vs the

mean wave periods of the parametric model.

The most probable values follow the physical model
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Satellite crossovers (Envisat�Jason-1, 2011)

Crossovers is a chance to get

the full vector of gradient ∇Hs

and, hence, a `full' wave period

`Single-track' wave periods

`Full' Tp vs parametric
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Satellite crossovers (Envisat vs Jason-1, 2011)
Single-track and `full' estimates of wave steepness

An along-track derivative underestimates the gradient ∇Hs in

µ = 0.596|∇Hs |1/5

The low exponent makes this acceptable in many cases.

A probabilistic model of evenly distributed directions of wave

�eld (red line) says: µtrack/µfull > 0.7 with 85% probability.

Envisat Jason-1
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Global distributions of wave steepness.
Top � physical model, bottom � parametric model
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Does climatology of steepness make sense?
Gray � physical, black � parametric (the best �t)

All measurements Sampling means (2◦ × 2◦)

Please, explain the shrinkage of the distribution for our model

No climate but weather for wave steepness distribution
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Summary

Ôèçè÷åñêàÿ ìîäåëü êðóòèçíû ïîçâîëÿåò èçâëå÷ü

äîïîëíèòåëüíóþ èíôîðìàöèþ èç àëüòèìåòðè÷åñêèõ

äàííûõ (êèíî áîãà÷å ôîòîãðàôèè);

Ïîòðàåêòîðíûå èçìåðåíèÿ àëüòèìåòðîâ äàþò õîðîøåå

ïðèáëèæåíèå, ïî êðàéíåé ìåðå äëÿ ãëîáàëüíûõ îöåíîê

(µ ∼ |∇Hs |1/5, Tp ∼ |∇Hs |−1/10);

�Êëèìàò âîëíîâîé êðóòèçíû� óíèâåðñàëåí (ãèïîòåçà !).
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Thank you
Open access data of the ESA initiative Globwave (http://globwave.ifremer.fr/)

and portal AVISO (http://www.aviso.altimetry.fr/en/home.html) have been used.

The work is supported by Russian Science Foundation

No. 14-50-00095, 14-22-00174
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