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Abstract: “Necessary conditions for instability are that B, — d2i/dy” vanish at least once
within the domain and that (& — ) (B, — d?u/ dyz), where U is the value of (y) at which the
first expression vanishes, be positive in at least some finite portion of the domain. Although this
stronger criterion still offers no sufficient condition for instability, it is generally quite useful”
(Cushman-Roisin & Beckers, 2011, p. 321). The programs and documents used in this article are
published at https://grwei.github.io/SJTU_2021-2022-2-MS8402/.
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Problem 1

1 Problem 1

Problem 1 (40 pts)

As shown in Figure 1, a vertically uniform but laterally sheared coastal current must climb a
bottom escarpment. Assuming that the jet velocity still vanishes offshore, determine the
velocity profile and the width of the jet downstream of the escarpment using h; =200m, h,
=160m, U; =0.5m/s (maximum velocity in the area with depth hi), Li =10km and f=10"% s
(that is, you should obtain U, and L, and plot the velocity profile). What would happen if the

downstream depth were only 100m?

{.\3’2\\
<> B

Figure 1: A sheared coastal jet negotiating a bottom escarpment.

1.1 Solution

B S BBN RS R SFAEL (A, X4 IE FE B4 Newtonian i)
f+U/L _f+Us/L

hy h,
A& (D spiE
U U
71L1h1 = 72L2h2.
KT Uy, Ly TR (1.1 (1.2) A8, MHAY
_ Linf
hy = he = Ut L

Uy = UyJ1 = Ly (hy/hy — Df /Uy,

L, = L1\/U1h%/(h2(U1h2 = (hy - hz)L1f))-

AW, Uy %t hy £ [he, +00) BERIREIS, Ly X hy 7€ [he, +00) FEIER, HA

llm U2 = 0, llm L2 = +OO,
2~he hy—~h{
hzli_)r_?m Uz = Ulﬂ 1+ L1f/U1 , h211—>r-1|-100 LZ = 0.

RN hy = 160 (m) FIILAt A5

(1.1)

(1.2)

(1.3)

(1.4)

(1.5)

(1.6)

1.7)
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Problem 1

U, = 0.35(m/s),

L, = 1.77 x 10* (m).

# A h, =100 (m), W (1.3) ARAL, BRE KA BRI & B B & B s 16 i
AR T
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% hz 2 hC = Llhlf/(Ul + Llf) = 1333 (m) UZ XTJ- hz E [hC' +00) t%i}a%i&b y Lz XTJ- hz E
[he, +o0) EEAEIER. Hh, > hi B, HU, > 0", L, > +o0. Hh, > +o b, HU, > sup U, =

U1+ Lif/U, =0.87 (m/s), L, - 0*.
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2 Problem 2

Problem 2 (30 pts)

The atmospheric jet stream is a wandering zonal flow of the upper troposphere, which plays a
central role in mid-latitude weather. If we ignore the variations in air density, we can model
the average jet stream as a purely zonal flow, independent of height and varying meridionally

according to
2

u(y) = UeET

in which the constants U and L, characteristics of the speed and width, are taken as 40 m/s
and 570 km, respectively. The jet center (y = 0) is at 45°N where fo=1.61 x 10" m~!s7!. Is
the jet stream unstable to zonally propagating waves?

2.1 Solution

FRFIER U, L X S B B o BN i

Lz Y __Po
Uy = U’ Vi i = 1’ Bo+ = W; 2.1
W IE FEANRE 2 ¥ Rayleigh SR8 :
d?u,
ﬁ0+ dy+2

FEREXIEN S D& EEARER Rayleigh 25F R A BEALLE By — dPu,/dy,* 1)
E =Y !ipl

IEEAFE I Fjortoft A

d?u,
(uy —uo4) <.30+ - W)

FEREX RN A IE, o ugy & Boy — dPuy/dy,” FIZ L yo, ARITEERFE.

WEZRTIEEAARERREANE, O ERARE R LEZMA RS, 20, Cushman-
Roisin and Beckers (2011).

B ERIE N

uy = e/, (2.2)
14
dzu; = —(1 - yDe /2, (2.3)
dy,
I Boy — d?uy /dy,* 1F y, = O IHEHIUANE R, N
yi =y, =£1.115,  y, =yP, = £2.819. (2.4)

et uy M By — d?uy/dy, 2 KTy, fEy, = 0 HEMEE (K 2.0 . diE 2.1 7T,
P EIRPUANE S HHE, Boy — d?uy /dy,” #ORAEM S, MUEEAFE K Rayleigh 214 7E
FIRVIANE AT B AR AR, N T SR AR E I Fjortoft 254 7E IR VU2 i bt
HE 2.0 50, £y, =y, FI—NEEH, By — dPuy/dy, Fluy Xy, MR IR TEHF
(=B v, FRERRD, 0 (uy — uos) (Bos — dPuy /dy, %) FEIKARBEAIE N IE, TEEAK
SEM Fjortoft Z&MFMST: TTE yy = yE, MURATFE A/ NAARIET, Boy — dPuy /dy, > Fluy Xt
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vy BIBEMEAR R (5 y, — 0D, ] (uy — uoy) (Boy — d?uy/dy,?) TER AR FHE N
i, IEEAFRE ) Fjortoft 244 AN L.

TR, E—A y, =y, BIARE, 453 1F A58 1 Rayleigh 464 F1 Fjortoft 24 Al
FROL, WAE vy = yiy BHETTRE (EARD) RAERATE, dinEmmiisinage (AL
WP S5 3 3R B RE BT SR AN AR B R JE s AT RS TN vy, = yo, M4, Rpor
Rayleigh 2 M AN BOL Fjortoft 2644, WUTE y, = yP, MHE AR R A IEEATE, 26
AN GE IR PR 4E R AR E KR PT R K RE &
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By, =yd, = 11115 USOEFSIRE) BW—MEBEP, B, — d?u,/dy,” Fu, Xy, &
MR (ZExTy, EHESEIRD, 8 (u — os) (Bos — d2u,/dy,2) TERAMEFIEAE, IR
SEEFRRER Fjortoft &5 M foy — d?u,/dy,” ES y, = yP, = £2.819 (U L=H
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7 RN E SR EE BB P ER R AL
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3 Problem 3

Problem 3 (30 pts)

Read the following literature for barotropic Rossby waves, 1) summarize the wave properties
obtained in this study, 2) explain why these waves can be considered as Rossby waves, and
3) discuss the similarities and differences between these waves and the Rossby waves
mentioned in our class.

J. Thomas Farrar, 2020. Barotropic Rossby Waves Radiating from Tropical Instability
Waves in the Pacific Ocean. Journal of Physical Oceanography, 41(6), 1160-1181.

3.1 Solution

L BHIVERT.

Farrar (2011) =258 7 2B, M, BUERIEAR, 2Ry SR e, SCh i
MIIETE Rossby SHIFHIZIY 29-37 K, ZhlalBlk 10-25 NELE, MR FINEH, WfE
T EEMIAEILS: 10-20 B2, PR AR RS- PG bR ).

2. A[AEIEE Rossby 3 15 A

AT UL IR AT AN R AP IE IR Rossby 3, Farrar (2011) #9882 : MZE HL¥]IE & Rossby
BHIHCR R R, TRNAE 23 [B380F Fourier AUk EUAS S I PERT: KX Ve S50 (208
BEEALED LB SRRV Z WL R AT -4 B IE K Rossby B FRISITHIS & IfidRE. 1E
WX H TS, “The inference that these are barotropic Rossby waves is based on the fact that the
variability obeys the barotropic Rossby wave dispersion relation”, “Perhaps the real surprise is that
the simple interpretation offered here can explain as much of the observed variability as it does” .

Farrar (2011) f32f—DEEGERZ: 1) R T 10°-20°N [ SSH 224 5EEIT /RIE R
o RE R AN FRUE A DGR AH — 3 2D 10°-20°N X PP AR IR 4% 1 75 5 5 060 % 1) S 14 25
LB TUIM — B H, REHIERY], F R RVER Rossby B IEFE MR ERE HEE
5 Ik

3. 5SAREEN AL M IEE Rossby 3 157 [F].

AHIA): Farrar (2011) $HERIEBNVEZ MR AT 8L 1IE & Rossby 3 [FIAIHLOC S GRS
WERE MR S E, =3 BRSO &,

A EIEHUEFE BRI E, RN EHEHIEE Rossby ¥, Hr=A4. [FIS %
A A SRR, T Farrar (2011) BHREIES), HBBEALHS TIW FH2¢, Ch$E
HKr AN AR RIRNE TIW 337X SN, oA i EmN =4 TIWs Mk
Rossby . #—RALHI TR : TIW [mA RIRIEEA FEC T “IEEA7, sUsd R4
W 5P 2 WA EAE R s NRHEZ S R B IERiEs). B8 —KLElH, RUE Rossby
W AFRE T RR I —ANE A T TH .
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