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1. MOTIVATION 2. FORMALISM OF REDUCED SPACE OBJECTIVE ANALYSES

Classical data assimilation and objective analyses techniques require

Theprincipal goal of thisproject isto use sea surface temperature GENERAL FROBLEM OF RECONCILING MODELS SWITH DATA

(SST) data from the MODI S instrument to improve the estimate of APPROXIMATING COVARIANCE Tt ATo+e™ n—1, . N-1 d_eal | ng.WIth covariance matrices (P,Q,R) whose Ord_er Is equal to the
global fields of SST over the past two centuries. Climate change studies T0=H,T,+¢), n=1,...,N. dimension of the system space. Reduced space versions carry error
requirelong historical data setsto put the present and future T T covariance calculations in the low-dimensional space of the
. T . . b b ° °y =0, 00Ty = R,, n=1,..., N . .
changesin the context of natural variability, and to verify climate C =EAE + E'AE N ARt b predetermined set of patterns (E) for which we take a set (<100) of
models. Studies of interannual, decadal, and longer climate \ \ =0, (BT =Qu n=1.. N1 leading empirical orthogonal functions from amode! run.
variations requir e timeseries long enough to encompass many : Y
realizations. Sinceraw historical data does not provide consistent l I L. (€.emTy =0, m=1,...,N, my=1,...,N—1
coverage over large areas, investigators use analyzed gridded fields, o \ SERCERENUELION Cont frn e JCED SPACE OPTIMAL ANALYSIS
. I L] MINIMIZATION OF THE FULL COST FUNCTION: :
such asthe well-known SST products of Reynolds and Smith, Kaplgn, A ) C— EAET + ENE'T Son,an....an] = 21 (Mo — TR (Hay — T2 +
or the Hadley Center (GISST). All of these analyses productsrequire : . g i S5, T, -, To] = = (T — TRy (HL T — T) + T.— Ean+¢, n=1,...,N i [CHRE A )T Q5 (1 — Anctn).
estimates of observational error, including the sampling error arising b ! TR Enit (Tt = AnTa) Qn (Tawr — AuT)
b_ecause?:hg few observations a\{al|ak]3|ehW|th|n agiven grr:d bO)'(dagd ‘:t ol ; OPTIMAL SMOOTHER (OS) and KALMAN FILTER (KF) ESTIMATION PROBLEM IN THE REDUCED SPACE ot = af + K, (T2 — Hoad)
time period are not representative of the average over that grid box 15 : ) “Sweep up” — KF: TO = HyBan+ (Hae" +2°) < 20 +2° n=1,... N, e
and period. Thissamplingerror isa consequence of sub-grid scale i : ! 5N To =T + Ko (17 — H.T), K= (KR, +P1 ) IR
variations, herereferred to as small-scale variability (SSV). The s s v AL . PfZI;J;ZHA;GL;T’ y Qa1 = Anan + ETel) € Ao+, n=1,...,N-L. Pe = (I — KH,)P]
almost 200 years of SST data in the historical archive does not have i ‘L - ”:Pa”_zh(lj[’;;;f") P = AP + Qo n=23, N
the spatial and temporal resolution to estimate SSV globally. But the Pl = A, PO AT 4+ Quy  m=23,. N 0, = (e Ty = ET(emen TVE = FTQ,E o5,
few years (3 yearsat present) of high resolution MODIS data are Rl SHane Sonensaion el e, 28— 0 4 G (os — Ar)
adequate to provide what is needed for sampling error estimates. SN TR Attt = Sweep down” = O8: : N Go = PLAT(PL1)
optimal analysis Kriging T3 =T+ G (T2 — ATY),  Gu=PrAL(PLy), Ru = (€nnT) = ((Hney, + €5) (Huep +-€5)") = Pl = Pit Gy (Phy — PLa)GL,  m=N—-1,...,21
Py =Pi4Go(Pla— Bl G, m=N-1...21 (enea™) + HyleherTVH @ Ry + H,Q H ¥ R, + R, e "
3 TECI IN IQ' 'E VALI DATION 4. SMALL-SCALE 6. AVAILABLE ESTIMATES OF SMALL-SCALE VARIABILITY
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Variability in 4x4 boxes + [ BTG_SST landmask { mask * 0. } ] Variability in 4x4 boxes
= point mean: 1.2103 +0.60675 range [1.22325x10°% 1o 4.8799] point mean: 1.7263 = 043987 range [0.60259 to 4.4015]
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: e : s —— T Estimates of standard deviation in SSV-SST, °C, for 4°x4° monthly bins. Shown are:
T ——, (left) estimate from in situ data (COADS) only; (right) best available estimate — see text for

explanations.

Clearly Existing estimates of small-scale
non-stationary  variability in the SST areclearly
covariance Inadequate. Thisresultsin
structur el Incorrect analysiserror estimates

= AUTOCORREL ATION and suboptimal analysestoo.
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Figure 2: Aw 111 ’Ll)l{ SST ulm rvations md Tlu ir RS OS an: 1h s18 ﬂ)l Dl ce Illhil l&n {1} e ]- (a) and . . 0
h)} wit h verification through the experiment with 1986 data: simulated OS analysis for December EI’I’OI’ 111 the OI al’lal_')fSIS, C

_Theoretical _

1986 using the data distribution of 1877 (panels (e) and (f)) versus the standard OS analysis for Small-scale SST wvariability: spatial autocorrelations
December 1986 with all availe L|‘.-1a data {[)éltl(!]h’ (¢) and (d)). Also shown are large scale errors in
the two reconstructions (panels (e) and (f)) and the NCEP OI December 1986 field presented in
(i) 5°%5H? and (j) 19x1° resolution. Units are °C.
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r eCOI lSt r u Ct I Ol I Of gn a.I I -$al e < INGER Al ONVRIN ... _ North Pacific, (SON,180W) - point mean: 0.68047 + 0.51474 range [0.14966 fo 5.4339] point mean: 0.47226 + 0.35218 range [0.0432598 to 2.1288)

a [+ 0.2 o3 0.4 05 0.8 a7 o.a 0.3 1 4] 0.1 0.2 0.3 04 08 0.8 0.7

Var I ab I I Ity I S Con Cer ned . - - Estimates of standard deviation in the OI analysis of in situ (COADS) (.1::_;,1‘..3. . e AT

4°x4° monthly bins. Shown are: (left) actual error estimated as RMS difference between

W e n em to k n OW I tS St at I St I CS_ e e e e o i e g the OI analysis of COADS data and the benchmark data set; (right) theoretical error of the
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8 . CO NJ ECTU R E D VAR IAB I L I TY 1. Maps of SSV-SST inside%r;s oliilz_esér!hlgwomEOQto-Srégg\r§s}p<at§y and from a week to a month temporally will

be produced. Systematic comparison of MODI S data with other satellite mission products (AVHRR, ATSR) and high-
resolution model analyseswill be performed. Thisanalysiswill be repeated for both skin and bulk SST products, in order
Small-scale Varlablhty in SST ”C reqmred for consistency to evaluate possible influences of the skin-to-bulk conversion algorithms on our results; possible cloud contamination and
the effects of diurnal warming will be investigated as well.
2. Thetotal spacextime SSV-SST will be separated into spatial and temporal components. Estimates of the latter from
MODI S will be compared with estimates from TOGA-TAO buoys.
3. Resultsobtained in earlier parts of the project will be summarized in an isotropic approximation: dependence of the
mean SSV on the size of the spacextime bin will be presented as a function of location. Conver saly, these dependences will
be evaluated by a modified variogram technique, and results compar ed.
i 4. M or e sophisticated descriptions of the SSV via anisotropic approximation of covariance will be attempted aswell. We
¢ R e R EEE TR TN PN W BN G will characterizelocal autocorrelation mapsin various locations and will study a possible connection of large-scale and
e small-scale variability in SST.
Port mes 9 1HRe =8 Tt renge [ 1040 ST 5. We'll apply thefiltered spectral analysisof to MODIS data. We will attempt to produce frequency and 2D location-
_ = m dependent wavenumber spectra of sea surface temperatures.

Estimates of standard deviation in SSV-SST, °C, needed for consistency with COADS- 6. Finally, the consistency and utility of our findingswill receive a field test: we will redo the Ol analysis of the 20 year s of
benchmark difference (backed out from formula (1)). COADS data using improved estimates of the SSV-SST from MODIS. We will then redo our analysis of historical SSTs.

0N BN SO'N

Latitude
o

aU’s  B0°S  30°S




