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% albedo

5(05
MET? (Global Climate System): Nicholson (1 hour, 1996, 1997) **
e Question
a. Define albedo verbally and mathematically.
v b. Explain how it depends on the physical and chemical properties of the reflecting
surface, giving specific examples of various natural surfaces.
c.

characteristics) determine its albedo.

based on Ink angwer( he 3ot 8.5/0)
Sol)

(a/) Mlbedo s tle ratro of reflected +o InCTdent Solar. radliehion,
| mrtegrated owr all waselengihs

(A= § h\'"‘ad?\j
L.

whove - Ty : monochrometie reflectwtly
my: ( "
L tncrdewt fluy.
G Jo 1 4otal incrderd golar flux

reflected solar radictamy—» Mo /

b Srnce each 5fe can be regerded a9 a reflechon plane, alledo Hus
fO‘G’PB'*‘\‘ oh 4he nunber , andl Shepe, and STZe snd Slope (1.1, He
ncident flux ) of He reflection planes. For example, He vegetation
dype . Shape of He leaves of vegeletton. Tor He Chomicel propertres ;
He clenteal mgredients of the reﬂfﬁ-é ofr aan Cause chffererd
eﬁ%ez»..c). of He dbsorption , a8 well ar e teflection for olfferent

wave length. For example 4he CHO'OE“-ZH m he vegetatton loaves
oleternmes +he vefleciton efficienc of diffent wavelengils Cas e
\ See e difvent crlors)
C; Factors inchude
~ Solar elevetion
~ time of da
— Seasoh of year
~ labrhde
— Steto of
— Slope of +he refledtion surface
— rato of oliffused 4o mcrdlent flux v/

X

2, Albedls = r2iro of teflectedt o muctdert Soler radiation_miesreted
over all selar wewlengdls

™
pz —e £ i A I —monochromefre reflection

L. wir~ Tncident Flue
L To — dotal Tcidest Flux

}-Ehzml : Each physteel swrface 79 a veflection plane, So dota|
teflectton clependls on number + Matmatton (W r+. Tesewt
fl) + shape +5ize oF Hie reflectny sfo
- Chewitcal : Chemtcalg difPer w.r.t He efficiency of dbsorpton
of Solar wavelengths

For any surface at a given time and location, what factors (beside its own

2
/
» Oxamples : physteal—> Shepe o vegetattons (laaves or cylonde)
clewias| —> Spechal reflection of Wegetatton due +o Chlorophyll

(© golar elevation , e of day, Sexow, ladthde | Slate of Sky, Slope AP sfe
ratio oRdiffuse +o direct radiation
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./ MET?: Nicholson (30 min) * //

e Write an equation defining surface albedo. Describe its dependency on solar elevation
angle and how it might be affected by a) surface geometry and b) the ratio of diffuse to
direct radiation. Describe and compare its wavelength dependency for the following types
of surfaces: bare soil, water, vegetation, snow.

gee e previot® duertfan. gnd otlers




% gurbxce enegy balace 4 pet wdicion ok TOR

MET? : Nicholson (?, 1996) *

¢ Question

a. Give the surface energy balance equation in a form that explicitly includes the surface
albedo. For each term, explain what characteristics of the surface of atmosphere are
the (in) determinants. Describe how you would expect each term to differ for the
following types of climate: tropical desert with low cloudiness; mid-latitude forest;
low latitude ocean with year-round cloudiness. Include the seasonal variation of the
terms in your answer.

/ b. Give the formula for net radiation at the top of the atmosphere, indicate what

determines each term, and describe where over the earth you would expect

particularly large or particularly small values of top-of-atmosphere net radiation and
why.

+o A
% LE + sr)+c§_ﬂ o
AX Raa y (1-Qs) - Ruot +Rusl = e
otesd heat Bl (evaporction)

 Tropree} desert v/ Ifle Cludrmess -
shigh but Rawd aloe bigh

litHe Ha r
Ruw?: high 0 Wpo
Rusd lows beawse of [he cloudines ¥ dry 2w over desert
LE: low
S: kash

B |q,a—>|‘-‘\‘“t= Sutfre morshre
Seaswmal variztion 13 lug fov all of Hhese
. Mrd=lat, forest © hees it lecves
fglot usth seasenal vaviatton 1 deciduous drees
T Routirelohvely low and laige Segoual clange
Ruahs  » s, long Seasona| change dleridupus

Rud: ~  _Mah beawuse o cluds , H:D vapor, seasoncl
evation i€ clod & precip and Ha O vaper choyge

LE : high olng waorm season , [og dun% uthter unless motst goil .
L SJ—G'.JDL’ gte T of foest © tel«-h'vey lows 5 |onJ SedSpnel
variaton .

< Lo latiude ocaan 1/ Yeor rounsl clodiwess
|

Qg : low
Rsy © low o modercte becase o Clouds
Rut 2 low leause o8 loo T. le |
Ruad 1 high beasuse of clasd varration .
LE : high
3 ¢ low becouse ob oo T
Li @ : relatively high dueto comection

2

* Type of 5fa specific heot  /Altedo
| bare sl ~0.2 o104
I' 1
{ Ice 05 0.3
, later 1.0 | 0.0
: dECTduau: ’g'?ﬂ' A 0.1— 0.0
: 3réss/Crop — D 15038
L



% Surface heat balance

MET?: Nicholson (30 min)

e Write a complete and detailed equation for surface heat balance which included surface

albedo and sensible heat to the subsurface explicitly and two terms each for shortwave
and longwave radiation (plus remaining terms).

gee e previous or e next guestions

Reol (= fe)— Rut+ Rub = LE+S+G



£ Qurbae heat halance

MET?: Nicholson (30 min) *

O~

e Write a complete equation for the_surface heat balance. Describe the factors which
determine the magnitude of each term. Give a qualitative discussion of the comparative
magnitude of all terms for a_mid-latitude ocean surface and a low-latitude desert. In this
discussion, describe in detail subsurface processes and how they influence the surface

heat balance.

% -AiS’uere ehergy b&la_vgé__! — geheml note

e Quface energy balance €3
Riet = Rswd (1=05) +Rus§ —Rut = LE+S
Rnet = He net amsut of vadhiant onesy oveiiabe,
Rawy = Solar rediation (SW) rexclayg dle eavih sk,

'Cg = efe albedo
Ru t = longuove radichten ewilted earbuad fom clouds + almasphere
Ruwt= -~ " o gpaeward fovm eardl ofe

LE = latewt heatng
S = gensible heat herafor thivgh conduction G3) or Conveckon (H)
* Blkedo : The alleclo 19 He ratto of reflectedl radiation o Theidest solay
vadiatron for a0 wavelengiis

bota| Toctdest vadiont Phac
azrnmdh/];"/' l
i \ L monochromate Tncidesd Flx
menachremstic reflectviy

Blbedo 1 a vory omplex ancept- We e2n estimele T From satelide,
- Plystea) reasong Hor varialitdy of Hlbedo

| — a,p.Pugﬁroy, 2 Tredest radiant Hux => the wavelengdh

— geometry o® Sfb : e Jeomelty and e of He s determine

the mcgnﬂ»ude of alledo.
~n prasence of wegelation

alledy

Gass 15-25%
('ﬁ?ﬁ*—m‘-l& lo—207. )

forest—dropres sy,

— Shov} taave radiatTon +rappis Th #e leaves T vegelatnon canopy

“on

— Do short icve radiation penctration Hhiugh 2 e of vegelcton
depeidk on dhe distrtlution sf He farliage.
~ et/ olry sk
~> (et oft_albedv 1 10% ; olry sk s 15-95%
The dypo of sotl for- a diy sfe dolermmes e magndude ok e
Olbedo In bare 507 and desert, Hewe I bagh albedo if we also
Conswder OLR Fiom Hhe desert (aclovdless area). There v 4 ret loss
of radiaiton so He Substlewe of air ke high pressave e3Ton
Thereases. The soliabatte wammiy of substdence balances the
rediative Cooling, The net racliction af- He sfe is low ik lagl,
— Tat.t?:l:\;e of Yo sfc determnes He meyridude of de albedo
45 Sensible heat Plux
At a given potut at e of Hle earth , Y net radiatwe heet gam
1s ©qual +o He viet heat- loss
Rt = LE+S

where Rnet = Fhe heot gam 4t Sfe due o et racietion
LE+S = 4he hect foss Bom de 58c due 4o latent heat (evaporation—

drdemctin) avd He sehorble bect.
The senstble heck S Hor dle SFC Mcludes Hoo processes

S=G+H
Ly gorstble heet flux due 4o convectton dove He ske Mo Zit
semeible heat £lux due Yo conducttgr betueen sbe + soil Lelwo.

The loss dueto [etent heet LE oruis ok 4 hisler lgvel i +le almisplere than
e foss due 4o Seiuthle hoat fluxes . AS $he sengible heet flux 7e a rear Suface
process ,_surfice geomelry , terperchre gradient, wind tomeituns i ile PBL
Tmpertast ™ olehrvmmqt e ergrble heot flux. Tte geisille heat fluxes depend
on the Hermodynamte - olyndnic Stiucture of #e PBL .

Za

2 o Free alnecpoe | )
Ekmon layer PBL o mernL
| sFelopr
Wnd [’mﬁbr

/ axchage

/ Tme vate chage m flux ;iz :-cv—::tr- oot
L/ L o heet Capccib,
, T
s \Diboron g G = £

So He rate of hect Plux oleperds o He denperciure gadhewt behoeen Yo sfe
and abmusphore juskabove +e sk . The sewstble heot Flux azn el be descnle

usme STM.QH’ %07 (——> e Tote
¥ 8=68CWa(Te-Ta)
Lo gpecfi bt > iomp 2k dap of s oo N
The fewperahue varTes utih height ™ both dle admosphove ahd So7) widh ditrnel
(.7(3'8 night

—--< >*t/— ao1l Surbece

_ frrhae 4 lmrgl.e.- heet mpecﬂ;( C) thaw gnuud go He lewmperciwe Fluxes 3o
1 -

} Pom growad o Hle air,
T vegetetion covered areas miany akes place orel gonstlle heet fux s hgh
I L Jow fhemal Capacidy,
In adlry sfe like adesert , olurryg Hle dA) | demp 12 bigh and gensible heo
SransBer occurs Harough (onvection = Hraigfer from Sorl to 2w,
Wet Suifeces, such as e, have 2 higher leat m?dtiy So e rote of fluy
Brom wetsfe i less than Hat of oy sfe Lut comoluctivity of heet Hhimy
wet 8ot = high

+OIR
OLR = Ru? Powdle sie con be ostimated usief Qe fan - Boltzmam lau
~ Ruwt =G T*
L Stefur Boltemamconstant,
(3¢ can see Fom g €3 et Ruet wit be mucl 3ree4e.— overa olr), bigh
{emperatare sfe (desert) Hhan over 2 wet ske




In foregdecl regmng we Gan hove Hox levele of Rud
~ 4he SR & fop of forest (anopy,

Recall suifee belewe energy €3.

LE+S = Rnet = Roud (1-25)+ Kuyd — Ryt
« Rowd —> Short tieve radiation 2t e sfe. Tle only mporfart Source «f
erergy for Hhe eartl, atmosplore 15 Solar radiation. Varteltons n Hie
mput of SW T have an mpact on Climdle
+ [We used fo Hake +he mean o Solar energy at He top of He atmosplere
to be +he Solar rodiatton conslart-. Tn reality , the SW rmercepled L
He Hop of Hle earkt atmoglee 13 notoretat . The Solar raolichtyy o+
He fop of He almosphere varies aandly o
<CD revolution > Shape of earl ovbrt o distance Fronn He sun

@ +iH- of eorth axrs > 9314° o1 a Seasonc| mean Hmesade

@ votetion rete of He aarth = lengt, of dlay.
We uge 1395 W, 1370 Wn, 1353 WAz For the Sslar *constant
Some vesearch sugpent 4 limk Ledueen the sslor aouslent, sunspots 4
droughts bit 4hic hay yet 4o Le proven. Regarwcllest, ite latitudinal
variakion of solar enegy har 2 signifreot mpack 61 Hhe NS Herparedue
graoltewt whicl, ohtves much o wihet we coll wecther.

¢ Qrface alleclo (a)

L tatto of roflecled 4o Tcident Solar rediction at fle S8 mrtegrated

over all wavelewgils . monpchremetic veflecton
I ,M./'ol:—‘ " Thciclent ﬁ“!
Q= —Jo T2 Mol

To — > total et SW Iediation
There are many Factors iicl, dlelenme e naguitude of albedo.
These faclore melucle : geomehic shape of He sfe , type sl
Slope o sfe.

* Over dlesert arees Jhe alkecio 19 high (h40%) The deserss aie floefkre
2 1egion of net nolitive Coolrg Chigh albedlo 4 bigh Rup? duedo high
sfedenps). To @mpensae £y e negahve net redielon, balance , deserts
ave reglons of Shopy substdence . Tle adiabehe batniyy 68 Sulsreliyg an
balances He radichive (oobyy of ar.

« Over 4 rid-lat. oceanic regisn +ho alledo te fow For 4wo reasons
®albeclo over Lyeter e Severely low 107y but cloes vary ki ZeniH, argle
<@ He degree (angle) behween He Tucidewt Solar Leam, and Hle s of Hhe
weler oletermies Hhe magnitude of dhe albedo. The sea stade (wever)
also affict He albecln
+ Sersible heat
~> He heat balewe ot 2 particular porit of e @ik ofc gatishier
% Ruer=lE+8
Seusible heat con Le brokew thto 4t duedo Conduction G  Hhet due 4o

C\med"f =
e =6 iibdt&ns&‘ldw

betueen sfe ¥ Sl Letw .
Quer 2 detert ara Hhe sensille beot flux con be deserilec! a8 Follwas
Dury He olay e S 19 warm Sodlere 15 a Hawelor o T fon tle sk
to 4he 2Tr SThee the bt capccty of ar Te higler Han Hiet of Hee Jrowd.
The rete of Sersible heet flux S =K%}- avel He vorbes] gradient of

censible heot P 352 -0, BT 11e role b senstlle hect Fhox

also deperdent on e tnd profile ™ He PBL. Over dle desert 1f de
il 13 bare Hewe wtll not be much, durbulence ™ Hhe flow. Tie R posthm
o Yo go1| will delernme the conducttvil, fo- sersille heet Hux down

o ground, %
Over wid-lat. otean
Ls later hes < bigh hoat capacidy. So while sevelle heat trausfo. dokor place
T 73 nuch less 4hav over the desert. T+ depeuds, T part, ow He 4Tk ndasy
over Hhe ocean ( Colder ar pavmer then wetor) The wisd prftle iv smooth
over O0eans Uinfess Here are high loves
o Latewt heckdeim 15 high. Tle denpickire + moTsture of Hle air defermive
He effbck of dlis derm. Latewt heet Hansfb- perehrates furiler up nito He
admasphere dhan sensible heat flux

o LW radiction = W =0T

-~ desert et high Lwt
~oceem o low Lt



+ Surfece heat baance

MET?: Nicholson (30 min)

e Describe how each term is influenced by the presence/absence of vegetation and by dry_
vs. wet surface conditions. Be sure to include the imports of wind/momentum and
stability in making your assessment. Give, where appropriate, quantitative estimates of
parameters such as albedo, roughness or thermal characteristics.

% Seo He_prevteuy tesinn
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MET5105 (Global Climate System): Nicholson (45-60 min, 1997, 1998) ** Vo
e Starting with the concept of a temperature gradient, derive the four major equations. of

the classical theory of the flow of heat, e.e., those for heat ﬂux@’f,ﬂ.lx_gl_adlﬂmr@ / 0:’23
temperature change( d7T / :z"h, and flux change(dS/ dZ). Define_thermal conductivity, heat
capacity, thermal diffusivity, and specific heat verbally. Relate this theory to the concepts
of penetration depth of the annual or diurnal temperature wave, time lag of temperature
with depth, magnitude of temperature at a given depth, and temperature gradient in

ground.
Baged otr Int ansuer (He got (0/)
sohy KTy

Y Sl - L)
Lo- Y —Z+$.T(z#2)l

gﬂ(mz)

© Corswler 2 culie a3 alove , heak Plux 15 8
(S (ovservatron of heet ehg";l

";* 3 AxaYaZ = KTy AXAY — KT(Z!&?_)_A?AE {unid = Womy

e : = °IT

‘P': -/r(z'*sg__)h‘ T +'a=£ S2

we have
o)

Hove G 15 He mean hext Ehn £ depil §2 .
WeeSZ—p S=3)
YK Alermal conductivity
@ Covstdler e 9ame cubic, lethiny Cv be e heat capacity of sil.
Corseryation of heat ehexgy reguires :

p S@) aay St —SE#52)axaY & = ( ;xaySz. ST (w=7)
whore , §T 73 He dempercture el,q.."e ntme St
Reamange dke +uo sides of M €3

S@) - S482) _ -~ ST
$2 =Cvigy

a3 -0, 5= 0, ve have

Indle -?ollm?q, we covsider Hhe parameder a3 usiads, 1.6,

Cy = const.

K: ”
2) . dT 8o 9S8 aw d s . dT
O.qae dg e Laad

defme - Hhermal oliBistvty (o1 = K

I v

-~ 5 ’\\
. T
'Ed;%”“ag } ——— 3

4 &)

das eso ' d . dTy_ o d d dS\_ d
® O = F (KD =K Sk (55 =xdS
d
-!df = d%g “)

K: 4Lem_4\ Cordlucivily , 73 He alﬁli of med:a (503 +o $ransfor
heat, I+ 13 defhied a8 dle anowt of hect ™ ur 4ime Elowtng
AL T AT T T T, -

T DY A AT S

Fhrpugh @ wit cross Section (1 owt) , T 1eqpoise to femperature gradi et

o8 1C/iem w7l
v : heot Oapactly ; He amourt of heot reguired +o raise a ust volume (|eny
of sotl by 1 degree cevirgrede.

e Cy 2 S‘p@cl-ﬁc heat : ibg_‘myiﬁeﬂ_l:m} regiived to rdwe a unH mass (13)
sl by 1 degree Centigrede.

[cy= O3] . 9 1 He densty of seil

N W hermel diBfusirty, defined as o = K4,

T+ determmes He dempercteve wave m the o7l

Stnce fherme| diffusnvily of tle So1l is Small, femperahue charye wih depth
Th 4he Soil appeare jo be wave PPhG’hﬂhg %mgl. He soil, Wil de mgnﬂ-wle
\oe oscrlletron great D He Surfce , dimimighryy L depth o dle lowev dept

-)k Let P be te pertod of He demperchve oscrilction , Hen -

— Hme lag of maximum or mmimom enperctae amplitude ot depth Z) and
Za (o Le expressed a3 :
e wok

- R i
v ::\'(:u—‘(:_; = .ZiTz! (%
] ~ Rawge of ferperelure change ot depth 2.
Ra expresses| derme of e inge ok sk R 18
V' (Re = R KT

S B depth. At nght ev Lohdev Seaton, His 13 rewersed .

g

K Wnitg (m ST waiks)

\( = VT\:Z - + el cohduch‘vty |
Gy = T_)—c— : gpecifie beok 5 C, fyf‘(% heet ccp«xy
3 '
o =1t K . Jyrns'c rs
s Cy ‘-j/m"t
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% mam Shinary poves

METS5135 (Dynamic Climatology): Nicholson (1 hour, 1997,1998) *

J e Describe the main stationary waves in the northern and southern hemispheres in winter
and in summer. Consider both surface and upper levels. Indicate main forcing
mechanisms in each case and reasons for concluding that these are the forcing

mechanisms.

based on Ins ansuwe- (He gt 10/0)

Soh -

© Indhe Norflem wier, B-Wwave AlbBH WL Hrosghs loared ozet of * NH wder ¢
mourtamg ( AlpS , Hrmalayas and Andler), Sl-ola’!q He owarephic ?orcngs, _S_?;——D. naves <— Hetmal '?‘"C"é‘
Tn Hhe northern wiver Swflce , Heve 18 D-lazve confrguration, wil, (Uﬂ’" . 3 wwes «— Oragrephic fo,cr,gg
lowse over the o0eang ardl hight over AsTa dnd Norl. Bmerics aowtimeste
Shotuing dhe Hermal forcing N HL Sumeer !
@ Northerm summer , 3-tave ot Surfece and alpl, LTH Houghg positioned she s Upper 3 waves “‘0“’6"‘!“"‘6
ozt of Hhe roumiains, presents Jhe pragrephic Ry, Q. wirer
@ In he Sothern wirder, Hheve T8 one-wave on Surface and alobt, <B4 abbh - 1 Loye c— HLomel + orqgmpkrc
Shoutzy Hhe Hewal 2rd orggraplie Powr;; vig dle asymmetrie of
ke Artarche anlinents i _S___H_EU_VMI.
@ Southern summer, one-tcyp ™ the htgl. latibdes , Surface and aloff, , BTgL— ot 5% ¢ aolt ¢ 1 vave «— o‘rotporkrc
Shoumeg Hhe orcgmvm-ﬁama of #e polar comnents . 1 loo—lat s& ¢ bR 1 8 Laws e— Hermel .E.,,.ag
In He low adidudes there 1@ 3-ave patfern Sufece 2nd zloft, ~e
probably a Hermel Bicrg Prom He Yvee otments ™ He low
\ latihdes.
gol)
N.H. wvder:

3 wave patiern lof, Hroughs eask of monrens =3 Jopegraplicaly
Porced Surface 3 2 waves , |oos over oceavs, bighs over land
(PSTa & Novth mertea) 3 Hhevnally Lwed.

N.H. Summer :
3 wave paern bt and ot SRe = STee sk of Ingh topagiaphy

T+ suggect pragraphic Ry mamly,

G.H. Winter !
one warg hroughout — Hhermal /orographic forengy via Antarchie
l{syn-n:ehy_
SH. Swmer-:

one wove ™ high lake due+o Antarchic
3 pare h low late due +o thermal clane fpcean) contiasic
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# Beneral atmeplare cirulation (4 mger fackrs ¢ arclertstrs) /

METS5135 (Dynamic Climatology): Nicholson (1 hour, 1997, 1998) *

e Describe the 4 most significant factors producing the general atmospheric circulation
and describe, for each, the major characteristics it imparts on the general atmospheric
circulation.

(Describe the main surface and upper air features of the general atmospheric circulation,

considering first a simplified zonal view and then adding the most important zonally
asymmetric features to the picture.
Soly
( (D @3uator— pele Yemperatore gradiewt (or dlifferonite) heetry or Sradient
of Trseldtion) |€-’¢.1d9 +o verhes| me»-‘ar"ig h meridronal Plane
~> Hadlgy coll, {orced Femel cell, weak polar el
® Rotg_ﬂoh_.::? {e Fun‘k —s Coriobis force
. Li_) .Ros.y_b,. w; depend on rotation,
TotaHon Tmposes lms on dype of flows we see M sur atmospleve.
Q) Dishikedron of cceans 3 comtinenls o lanclficler owrtast .
> leads 4o zona| asymmedries and Prierhemisphenc hferences |
~> B/ Hempenahure grachevt, Daves n He Flov,
@ LArIe Seele -loggmthz
~> produces plaetary oves , heatig alofh, disturled flow vig
— obstacle Prction, blockmy of an mosses




& General atmisphere cncuiadicn 7h N ¢ S.4

MET?: Nicholson (30 min)

e Question

A. Fully contrast the Northern and Southern hemispheres in terms of the causal factors
of climate and general atmospheric circulation.

B. Describe also the major differences in the general atmospheric circulation of the two
hemispheres and its seasonal changes. Be sure to consider both thermal and
dynamical factors (e.g., orography), and be specific with respect to the wave patterns

in winter and summer both at the surface and aloft.
—>See the previns O Juegtuon

Soh
Causal factors
- land ve weler
. lanel T low-lats ve wid-lats.
« 0N v3. contingnt of Poles
« Solar distance at soletwre (least TMportart)
» mgjor Oragraplrc effect : b vy nrdlididude
l-’SH hae hiHe mPluene of orggraply on éeueral eirculetio,
also Jess bl . less Bichion <+ higher wivd Speeds Th S.H.
Crreuletton drffmerces
. Zonal ™ QH , meridionel T N.H.
+ SH —> weslerlies Shager, less polewerd| weckenty 1w sumer,,
less equaloriard digplacoment Th Liwer
-SH-> less sermma| mutract ™ geber|
< H <L m broad teH m SH wheress Hey are Thdivtoluc| cells

\ ™ N.H.




+ hydrology €.

¢ Give an equation for the calculation of evaporation from a water surface, using either

\/ MET? (Hydrology): Nicholson (1 hour, 1997)

equation. Contrast this with the other method, listing the variables used for calculations in
each method and describing the physical processes to which each would be most
sensitive. What would you consider to be the most important sources of error in the

application of these formula to most lakes?

based on Ink ansuer (He 3ot )
Soly
( Hyolrslagie balaue tequites : Mess-In = Mass -out

o | A i A e S T S i
| E < (p + Iuflos +Ga) — (outPla +Go + 8H)|
whore . £ @ evaporadron Lrom surface :

{ P . precipiatton 4o 4he tieter surbace

Inflot 2 runekf Frem catchment +o pater

Otetflas oh'gclaﬁe Hrom e bKﬂverLbd/

Gi1 : Ground weter Thflon

Go: otkflows

BH : lster suface chisge n erlam pevied.

I£ 2ll the dems can Lo weesured , e e amount of Eaporetton

can Le eshimaled ,

ConoTder the eweryy balaice wethed

For 2 moan Sheady Slate oF He loalo-boch b 446 Stcvage o coler

1»47 AS & D Hhen He neteungy received by 4k waler surface

pusd Le balanced b)« e Sensible heat enegy to He 2w plus dhe

amount of evergy consumed by Hhe Evaporation,

Rret = S+LE
wlere. § - seusille hedt +ransfer
[ vdpbrrkhon Iannw-ekw
E: E’wrard-wu

Defme Bowen Matio B =

g " Rnet = BLE+LE.
: LE

7 T
gk
 Reet = Reby (1= 20> ~Ruad
e R : dhe Solav radlialron veceived by water surfece

Qw :albedo of He weter
(Rut : long kave enissTon Brom water

Genemw, Le dbve ferms are determimed by

R<;..‘L t Cloudi hess
R Clodmess , Surface lemparetive , emissivity
B wetev tenperctne, atr denperehae , Vapor pressuve of
crr ond ater
Ow : Season of He yezr
i = 4€wfem+u-e o welew

Bt B, Ow and L are nel sensihive 4o 4he Changes & paraweters
ey olepend on and SThee e can well measurg +he Jemperde | the

most Sensvive parameter i Cloudtness , ishich s very diffrcult 4o exhymate
ond 1+ can cawse a brg change inhe eshmatton of Rnet and Consequentty
evaporation even v a small meesse /decvarse of T,

s Er e hydrologic balance metheo] , most of derng needed Contam uncepaim
like +he MPlots whrch Also depends on dhe aichnent, @Uapsiton 2id precip , Oud
B most closed basm lakes 18 not a pnblem. For Some axses Hhe grownel wefer
lesmg are hard +o megsure , stce Some lakes Grounduater comThdoe 2 large
poviton, S thiv method may Le used £ swall, closed bastn @nd no ground
ﬂolu wderl-od!.

— Frretly , doudiness may be dhe most imporant Souice of ewor, smee T4 cen
grmﬂ), alHer dhe net radictren received by He wseter surece anct both ehet
balace and Penman formale privmrtly depend on He eshwale o8 Kiet

- gpandl) . Lotnd peed wheh fonclions T e Penman Formea . For sore
large lakes, 4he md Speedt T3 hard 4o estmele: Ii can aRfects dle
evaporellon by a greet awouirt.

— Thirally , luater andl any temperalures , ESpecielly Lo1 layge lakes, ™ wohich
-}ewpem{uve may have a gifforent dishibitions m diffeent pars,
— The ¢ Evor Sole Inay Gase From Hle empiriar| formula we employ
Tn ke caloulctions | Gmce T+ depends on He loattton , Fine avd Hee
researcher
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MET? (Climatology): Nicholson (45 min, 1997) *

¢ Diagram the four water storage locations in an ecosystem and the sources and sinks of
water in the system. Describe four ways in which soil water movement is brought about
and what factors influence the rate of movement in each case.

Q — gee He previous question




& Climate dypes trt ramball

MET? (Climatology): Nicholson (45 min, 1993) *
e Describe the major distribution of climate types, worldwide, with respect to the amount
(qualitative) and seasonality of rainfall. Describe in detail the causal reasons for this
distribution (i.e., particular features of the general atmospheric circulation and how they
relate specifically to various geographical regions.




¥ |ond surboe 70 GCM

MET? (Climatology): Nicholson (45 min)

e How would you represent the land surface in a general circulation model (GCM)?
Consider the five major types of surfaces, surface hydrology and subsurface heat and
moisture flow. Include, for example, how you would represent rainfall, how many
subsurface layers you would want, which processes need by explicitly included, how
many categories of soils and vegetation you need and what are the most relevant
properties for defining these categories. Be sure to include how you would parameterize
evapotranspiration and runoff and produce a simple flow chart to describe the processes
in the model. Note: it is important to justify your answers, giving the rationale for the
representations you choose.
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* Obmospheric enely cycle

MET?: Nicholson (30 min)

/' o Describe the atmospheric energy cycle, i.e., the nature of the processes of energy
generation, dissipation, and conversion by the general atmospheric circulation. Describe
the general energy processes linked with the Hadley and Ferrel cells and with the East-

West Walker-type over-turnings.
Sol)
The atmospreric engggy Cycle evolves resporse fo |atitudmall, clgperdad
erergy tnpet Prom Hhe Qun , Characlerishes of He under fymy Sfe, Small
Secle effbels, and transient waztter Systens
Becouse of e Strong latrumal veriation of ooriy Slar budiation, He
garil-atmogplere System expertences a het rdretive Surflus equateriserd
of bt 46°N/g anel a radiatve defierd poleward of Hhis latiude . T
Q polewsard Jranspovt 6P heok & vequited Th orelev o Drevowt dlese regions

Prom Cosligy or warmtey moleﬁmle}'.

G G s 2mal puerleble Patentrel Enevp
N /4
P B { hereh b
Tg l Kz - 2onal k.E
< kE H ﬁ’d) k-E
\/KE k§ G : feverclion
£ € : distpaton

Ina Q@ Hamewnk, Bz 1o genercted if He meon dialelte hedry is
pestive iwheve He mean Jemperature Te hrgl.- and hegt&.ve ulere he meen
Jemperclare 1z low. This is ackualy Hhe Coge becuse of He nadiakive
balawe of the earth-aimasphene System has 2 Surphs T He warm opres
and & defrert ™ dle ol poles. Potewtral eneygy TESes ™ eS9eciartioy,
uith e merease pole-tp-equetor VT.
Eventuclly harochmcelly unsiale codies develep and Rz — Re by the
northiard +iavsnert of warm air and equatoruerd harsport of cold 23,
e Same 4Tme Pe —>Kg by dte verdicel metions i the edldies (et~
west Ciiculodrove) , 51,3-:&@7 de vismy of uarm air E-NE o8 ), +
Stritey o ol arr W-Sw o8 L, In 1o way heat 1s hansported
both vpiaard & poleward s et EhEVJeh‘c ezuih'l;ﬂun T3 recfized .
When 4rough 4 ¥1dge pallems TH SW 4o NE, Jhe eddier {rangpord Zona)
momeutun, poleuard , Oh avergie. The tauspat helpe to watda He
wedlerlies qgamet frichional loes =» Kg — Kz
Ce olirectton of +he Kz 5 Az trarefor 1o uncerian, . IE metton is )
)

upuarsl thine 11 79 olot and dopmisardl T+ 12 pwarm (23 7n 4 Ferol cell

e hove Bz ¢— Kz,
Az ard Ag are gevercled by dialetre effects . Ke + Kz are dissipated]
by Frctronal obfeck.
Tn Hhe Lel withrn 30° of dhe eguelor, e @nventton fom Az 1o Kz
Plays v Tmporiart tole Tn e manutenance of e Hadley cuculatios,
Tn et labrhdes, Hhe Hransfor o8 enorgy Fluy norharel 72 matly clue-o
gddieg . The Zomal meon wertdiowal velncry 1 much doo Small 4o
account £ a sigmfroent Leaction 6P He regured Crculetion.

for the Walkor circulation, VT alogp He eguator naintems Hic
thermally direct civeuletion

&Jmmag
hiPrevtral locul diffeverdi
hectng (0 /GE heatnyy
Y p_. 00 o b s
e - rd trangport of H 4 AE
Iy karecinic eddies
* auluv\’ahc | Fewel: ks“hﬂ Bmall M'Mm E/w

ovevtarniy |

Yrougl/rdge 1 SW-NE helps
\ mantain westerli®s  Hhry

£

" ely rispork o ol ey
n/ +oward poles LA

Dz s Picton
& Tderned Lvcfres,

N

over’mrmg ™ Hhe

eddies

la mid-lat Cyclines
Walke, Crveddton

\
Ke

due 4o Frictio
De ot s anl
nberal $rrcim



* Eguatore] Westerlies
% Explam ok least 3 ways ™ whick #e presence of e egpatortel
westerliey 1 SGnTFTwet T deme of Climale ancl Wozther preceses .

b

@.Lbnsevvetton of Quguiar momextur Tmplies Hheat wesisties must Thoeese
in Speed as we move polewerd ,decreese ™ Speed as Le Move equdtorivad.
One approx. form of he vertrcel muton & Te

%% =~ 43 -3 +20mgu

T Bcog mex ot eguator S0 bz derm ve
,I tove mpedant T dropics.
aualtly betoeen Hheve e ovms gives hydrostetic reletion
pssume a column of arr 12 ™ l'yolrns*dre balaice with verticol
acceleratons due +o the Cortolis term . T U T3 posthive (westerly)

Jhen 11y T£ u 15 nggerive teazterly ) Hen sibsidewe ,

© Equatorie] westerlies are regurecl fon +ropteal mbluewce on witol-

_atiudes, Heat souce generetes cquatorral waves YR overridden L}

westerlies. hlso n for ierhenrgphoe Tideractions — ack

as ducts For weves , wlewss eesleries block e waves |

© Weslerhes are vequited for fle verticel propagation of equatoriel
N\ LWeves.

£ (brdrs). die Hropospisre and Shatosplere T derms of verteal andl
|adriuclinal Jepperature Shucture , wind yolems and evergettes,

Soly
+ yeviraa|
Lroposphere ; T olecreases Wik Z maeasty
Shatogpere | T Micreases 4 » o«
s |laditadmal
-h'op c =T gmdié’ﬂ points From riarm low lats o cold Ingh lats,
J Ghiak 1 Colol axd warm peles, =T grediewd Ts mamly Lo Lirdor
4o Summer ‘emmﬁe»@_
¢ (JThele
tyop : Westerly jet i wid-lats ,enslerhy jels T dropres.
Shat: wesierly jet ™ wirder homisphere |, M 0 Sumher
hewisplere
+ Erorgebos
Hrop - Pz — Re—> K — Kz — Rz
‘& Shet: KE ‘—"A!:_. ma‘mb KE — Kz—’Ax

Ae— hz

& 88 Partures .
#*degoribe W,gfc Foatures & how -H\ey cange fom wirder 4o summer
Sﬁhﬁ“ﬂeﬁv : 1y mid=Jet lows dowinate —s Joelandic , Alovtran &= Ol “lows™
2 Peatures puShGJ eg‘mq“\ Satisdred ywean
3) 5o Lardures ppore Thiense
4) Polar vortex abfh — rure nrense, mertdiona s 3 wave pattorn
5y lous over-ocean , hight over lowd.

1) Suldropirel bighe dontnete ( reat loug Yem foature )
2) Reatures pushed poletocrd

3) Surfuce featines |ess miense
%) Polar vorex ~ relaxed , Zoma)

SUmmey. -

5) highs over oceons , Jous owr land .

equatorial trough (ITCg)
= equod:-o“r?a,Q westerlies



