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Abmiract

The mrobler of caloulating meteorological parameters at 3 corlain location wsing ohservations from
surronrding memsurement stations is considered. Rather then o simple hortzostal interpolation of tde
ohservations at the surroanding stations, wi deal with an Alternative Interpolation Method (AIMY In
this method the influence of local properties can be dealt with, First the observations at the surrounding
xm? ng arg tansformed upwards 1o g conatn reference helght, subseguently wterpolated honizontally at
ot ard finally transformed downwards to the height desired st the target location, For
the {f*asz@iumﬁzom gpward and downward Monin Ohukboy stmifarity fumctions are wed with sstimated
ace Tluxes ustng routing synoptical odoservations, Hourly olservations of the vear 1992 are used.

W 2

Yarous aspeets of the AIM are sindied. Sieations are desoribed where the upward and downward
frmsformmtions will be less sorurate (muostly m stable situstioms). Resalts from the AIM wre compared

with rosults from dieet horzontal interpolation, As far as tempersture and specific humidity are
congerned, differences between these two interpodation methods are generally Targest duning mght-tine
(atabde ) siuations, Estimates of somperature and specific humidity ab the target locstion using the AIM,
showed an mereased  seatter in comparison with the estimates obtained by direct horizonts!
mierpodation. Por estimates of the wind speed a small decrsase in the scatior can be seen when using the
Al However for estimates of all meteorcdogical parameters (emperature, specific humidity and wind
speed) the average bigs decreases when the AIM in used instead of divect horizontal interpolation. The
resulin presenfod fnthis paper are promusing fow applications where biases are frportant, o.g. for the
calrulation of long term averages.




{ Introdoction

This paper deals with the problom of regionalization of meteorological data. Regionalised meteorological data
valid for a specific location becomes more and more dmportant (think of agriculture, fog, recrsation,
stipperiness of roads e1e.), The most simple way to provide this data is horizontal interpolation of observations
or srwsded cput

Ome of the reasores why regionalised reteorological data obtained by divect horizontal mterpolation way be
useless is that observations of myeteorological paraeters are valid only for a single location, This can be
ted by interpolating observatioms of wind speed at 10 muedres above short grass to a location situated in

s
3 forest. The observed wind spead in the forest will be lower than the wind speed resultant from the
mterpodation. In a similar way temperatore and specific humidity are dependent on local properties. There are
many local circurmstances, such as sorface roughness, albedo, cloundeover, wind speed tself and soil moisture
which influence wroperature, wind speed and specific humadity.

By transforming observations upwards from synoptical height 1o a certain reference height {using local
circumstances we hope to sirip most of the local character from the observations. In other words,
abssrvations from different focations transformed up to this higher reference height are assumed to show less
horizontal variation than the observations at thelr onginal (synoptical) height.

Lot us presurme that the synoptic observations of temperature (T s). specific humidity (g s.) and wind speed
{Uey are transformed up to a certain reference height. These valoes at reference height are interpolated
horizontally to the wrget location and subsequently translated downwards, this time using characteristics of
the tarset location {fig. 1.1} From hereon this Alternative Interpolation Method will be abbreviated as AIM.

Fig. 1.1 The alernative interpolation method (AIM) with reference height at 60 metres
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In this paper the synoptic ohservatioms of the 4 KNMI (Roval Netherlands Mateorological Instifnte) stations
surroanding Cabauw (g, 1.2) are mransformed upwards and interpolatid to the Cabauw ocation. Because in
Cabauw ohservations from o 200m high wower are available, these interpolatisd values at various reference
fudghts, could be compared with observations, Finally the valves ot reference height i Cabaow am
transformed downwards again this tiee wsing the local properties In Uabauw i order to add the local
charaster back into the obsgrvations,

Fig. 1.2 Positions of the KNMI stations (s far as they comesrn the stedy presented i this papern)
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For the apward and downward transformations, Monin Obukhov similanity functions are used with estimated
surface fluxes wsing routine synoptical observations, The software routines used for the upward and
downward transformations form part of the so called “fhaxlibrary” <2,3.4,560 These flux routings are
described shortly in 82,10 In §2.2. the sermitivity of the fhuooutines for changes i the Input parameters, i
discunsed for thelr use in the AIM. The performmnee of the flux routines s studied in §3.1 {surface fluxes) and
§3.2 vertical profiles) vuing observations of the Cabanw fower,

In section 4 and 5 experbments are desoribed involving not only observations in Cabauw, but also
srezeurerents of the 4 swrrournding stations. In §4.2 the effect of the upward transformation & investigated
guatitatively by looking at the differences in meteorological parameters between one station and the Cabauw
wwer at synoptical helghts and 80 metres, The assumption that meteorologival parameters vary more
strwothly at greater heights (being kess mfluenced by surface forcings), and could therefore be interpolated
newre acourately, s tested i §4.3. Finally n section § the performance of the AIM 15 compared with direct
horzontal waerpolation, for the parameters T se. Grse and Ui

Readers just imerested in the performunce of the AIM in comparison with direct horizontal interpolation can
limit themselves to sections 5§ and 6. Sections 3 and 4 are meant for further research purposes.



2 The flux routines

2.1 A short description of the fux routines

For the transformation upward and downward inthe ADML routines from the so-callsd fluslibrary «2,3,4,5.6>
are used. These routines are based on Monin-Ubukhoy somtlarity theory and s parareeterization of the surface
rachation and energy budget, The flus profile relations include stability corrections from Holtslay and de Brum
< The latent hest Thax (LE)Y I pavameterized by a nodified Priesthey Tavlor equation 4,8

LE= i‘xiﬁm (1)~ 03+ Pplag,u, ] {13

where: &= gmpirical constant which 15 1 function of the moisture availibility (n this paper 00is
assumed to be 1 (corresponding to grassland with sufficient water supplyh
L= the latent heat of waler vaporazation
Ee= cvapormion
5= the slope of the saturation enthalpy corve
" = net radiation
3 = soil heat flux

1
BplAg,u. = taken as aconstant of 20—
m*

= empirical constant

pr= the air density ‘

Ag,, = that part of the humidity deficit (5,0, (1)~ a{TY) that iz not correlated with (Q7 - G)
. = friction velogity

The flux routines need the following standard synoptical input <o

- latundeflongiiude codrdinates {degries]

- i {month, day, hour, minute)

- voughness fength (2 [}

- wingd speesd measuring height [m]

- wind speed [mfs] at this height

~ teynperanie [0

- clond cover {fraction ranging from O 1o 1]

- downward short wave radiation [W/e'] If this parameter is not available it will be paraneierised
sudownatically,

A yrore detarled desoription of this roquired Input I8 given incthe introductions of section 3 and 4,



The flux routines compute the friction velovily (u), the temperature scale 1), the specific homidity seale
{gg<). the latent and sensible beatflux (LE and H) and the Obuldov length (L)

Using these. observations can be transformed to other heights by again using the flux profile relatioms from
Holtslag and de Braw <o

U, = Bfuxf»gin(&}ux}t (Z)} )
- { ;& X Zq) L AN L Sl
B = 6150 I Wy () 4 (] 3
i 5 b s Lot i 15 IR TR {»} T 1 3 )
(}zm - ql.ﬁm + ;i {En{ii} Wf‘i {L} “*"KP’}-} ( z }} {“1}

where: U wind speed at = metres
8. potential temperature at 2 medres
(= peciiic humidty at z metres
we friction velocity
ge= specific humidity scale
8= potential temperature scale
L = Obukhov length
k= von Karman constant {(=0.4)
vy correction for stability for moisture or heat
yha= correction for stability for momentum

Twe minor changes are introduced in the flux routines. They are described in Appendix B.

2.2 Sensitivity of the flux routines for changes in the input parameters

In this paragraph the sensitivity of upward (to 60m) and downward transformations, wsing the flux
routines, for changes in local clrcumstances is investigated. The experiments are tlustrated by figures,
For a particular day and hour, wind speed at 10 metres (Ug,,) and specific humidity and temperature at
2 metes (Qu, and Ton) are transformed upward to 60m with certain input paramelters and subsequently
transformed downward, with one or more input parameters changed, to their origimal height, The
difference in Toy, Gow and Lig,, befoae and after the upward and downward transformations show us the
effect of changing a particular input parameter on T, Qo and Use, . The main goal of this paragraph
is to distinguish situations where we can expect significant differences between the AIM and direct
horizontal interpolation. Naturally the experiments do not cover all possible situations, but they give a
general insight in the response of the flux routines to certain changes in the input. Resalts of this
paragraph are useful for interpreting the results of section 4 and 5 whaere the AIM is verified.



Effects of changes in the following parameters (for nmighi-time and davtime situations separately and
under dhfforent wind speed conditions) are studied:
~Modified Priestiey Tavior parameter, ¢ {(default =1.0)
-Ineoming short wave radiation, Kin
Clowd cover, NN
-Fasughness length, 20
W

m K

~Bulk sl heat ransfer costficient, Aq (default = 5.0 I}

The meworsdogical input parametors and the changes in these input parareters are realistic,

it 15 mportant to keep in mind thit the experiments show us the sepsiivity of the flux routines for
changes in the parameters mentioned abowve, The real atmosphere however may respond guite
differently.

Dravtime

Cabauw observations vahid for 7-7-1992 12:00 are chosen as defanlt. The following meworologival
parameters have been used as input for daytime experiments unless others are mentioned i the figures:

date = 92070712

Hum =8 {glkg]

I-El(ms =35 gm’%i

TBm w 20 iﬂ(»}

Kin = K85 [Wim' during upward and downward transformation

Baperiment | 5 offest with low wind speeds  Exporiment 2 zy effect with moderate wind speeds

&0 metres 60 metres

200,007 PRI £=0.00Y7 215
D=0 NN=0.0 NN=0.0 NN=0.0
/ ij?{?m"w"y
input output input outpul
= X ikl Q8. 17 {2kl o B {p/hg] G782 {plkg]
Uiows 3.3 mfs] =273 /sl Ujges 10.0 Infs] | Uspe=7.6 [mfs]
T 20 {70 Tam=20.08 [°C1 To= 20 °CH Tou=19.69 )
Kine $55 Wi Kine 855 [Wim'|

Experiment |

Inexperiment | the upward tansformation 1s done in more unstable circumstances than the downward
ranstoration, due to the change in 2. “More uistable” fmplies that the gradient of temperature or
specific humidity is concentrated in a shallower layer near the surface. As a consequence, lemperaturs
and specific humidity will decrease less during the upward transformation than they increase during
downward transformation. Ax a net result, temperature and specific humidity at 2 metres have increased
afier the upward and downward transformation, but the differences are small,



Wind speed decreased substantially more during the downward transformation thar it moreased dunng
the upward transformation,
A similar increase in T and g after ransformation 1s seen where
-the incoming short wave radiation, Kin, i not prescribed bud parameterized
the cloud cover NM i changed from D0 1o 1.0 for upward and downward ransformation
-a combination of both changes mentioned above (except T which decreases to 19,92 °C)
o 18 decreased 10 0.5 nvs
Ne=] for upward and O for downward transformation (Kin stays preseribed)
SNN=0 for upward and 1 for downward transformation (Kin stays preseribed)
SAgsS (mandy clay)y for npward and 0.2 {new feathery snow {not very realistic) for downward
iransformations {Kin prescribed o nit),

For all the variations on experiment 1 mentioned above, the changes in wind speed, temperature and
specific humidity have the same sign. Moreover changes are snall for temperature and humidity, and

substantial for wind speed.
The impact of changing Ag is small because the soil heat flux is small compared to other fluxes during

daytime.

Experiment 2

The only difference in input between experiment |} and 2 15 the increase of Uige 0 10 mds,

At first sight it may be surprising that the temperature and specific humidity differences in experiment 2
are opposite to the differences in experiment 1. An explanation can be given if we fook at the flux
profife relationships ((23,033,(41). Let us concentrate on temperature {for specific humidity an analogous

explanation can be gwcu},

o we , N |
AG,, = eIy~ P, {w)@ W () (5)

<] oy

{6}

whens
8, = potential temperariure af height 2,
AB, =0, ~ b,
w @ = vertical Kinematic eddy heat flux
1, = friction velooity
L = Ubukhov length
g o= goceleration doe o gravity
ko= von Karman constant

I we assume that the vertical kinematic eddy heat flux is constant (which is not that strange because the
incoming radiation 1s prescribed), ﬁzm it hecomes clear that u. changes the emperature difference m
two opposite ways. In experiment 2 at large wind speeds, corresponding to large values of ue  the
stability corrections for heat can be neglected because 21 is very snadl (8). In other words, high wind
speeds tend fo make the vertical gzm%giv nentral, The temperature difference becomes inversely
proportional to uesee (3) without stability corrections) The rransformation upwards s dome with 2
smaller value for ue {because 7o is sraller), resulting in a greater temperature difference during the
upward transformation. 8o after the upward and downward rransdormation, the lemperature at 2 medres

will bee decreased.



In experiment | the effect of the stability correction dowdpates, resulling i a net terperature increase in
corparison with the original value for Ty,

Experiment 3 Clond cover effoct

H0 mewes

y
f IR
Koins=-9949,

et 0 R .«‘ d ;
f‘f é

oLt
Uom=3.38 Imf]
T 1931 [°C
H= 198 (W2l

},‘%nm i

Ho= 123

DB = 335 1Wim2h o LE = 82 8 1'% /m2]

Hxperiment 3 shows us the effect of changing the cloud cover, Kin is prescribed only in the upward
t@'zmsf{mmtz(m The fluxes of sensible and latent heat alter dramatically. The difference for qu, and Ty,
1s farger than in the provious experiments but sill rather small,

Experunent 4 Modified Priesttey Tavlor parameter, o, effect

5 metres

2{33(}. i Z()m{}, }
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?3 a8 inde]
L 2GS 1)

Rin o= 855 TWimZ
Mo 1238 Wil
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5 3 IWim2l
286 PWim2l

The inopact of clanging the modified Priestley Taylor parameter (13 from 10 (grassland with sufficien
watir supplyd to 05 (elatively dry range-grassland) during the downward transformation is significant

for qu, ard rather small for T, The results of experiment 4 are the same if Kin is not prescribed.



Might-time

Cabauw observations valid for 24-7-1992 300 are

chosen as default. The following mateorological

parameters have been wied as input for night-time experiments undess they are mentioned i the figures:

date = BROT2407%

T e Y

Faperiment 3 75 effoct

&) metres

1007 zo=i1S
NN=0.O e PSR
/ ’
inpul GULDLL

e @ gfkeld
g 3.5 [nvs]

.-»i« i 1 Pl 7 ;u Wr‘g

H= ~§4 4 {‘W'zmﬁ
LE w4 PW i

Ga™ 9.81 Egi;(g;
a2 49 frds ]
'?“ =19.38 "}
=416 [Wimli
LE = 27 4 Pl

The results of experiment 5
The wind speed remains unaliensd!
However, the results of experiment 5

show us 2 large impact on femperators and humidity when 2 15 changed,

$ are highly dependent on the i:emmzb:*d Uiy, 88 inpud, as can he

sween in o fig. 2.1 As in experiment 2, the differcnce i T, and g 18 the net result of positive and

negative effects in the flox profile relationships.

It is hard o say of fig,

2.1 s realistic, but i con be

concluded that in stable situations the semsitivity of the flux routines for changes in # can be large, as
far as temperature and specific humidity are concerned. Wind speed 15 less sensitive 10 changes i 2

during stable situations.



Frg, 21 The msults of experiment § onder different windipeod conditions
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Fxperiment 7 Bulk soi} heat trapsfer coefficiont, A oo
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T
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-0 effict

fn §3.2 it will be suggested o increase o during nighi-time. It is not simple 1o investigate the effect of
changes in ¢, the Modified Priestley Taylor parameter. during night-time because this parameter (s
worked implicitly into the formulas for stable situations in the flux routines. Therefore no experiments
aris presented here concerning the o effect during night-tie,

Sumumarizing the results of the experiments it can be stated that trapsformations of  lnmporaiure and
specific humidity upward and downward nsing the flux routines, are sensitive to changes it focal input
parameters during stable (night-time) situations, and  relatively tsensitive during vnstable and peutral
situations. Hence for temperature and hurnidity, the greatest advantage of the present AIM, i
comparisen with direct horizontal inferpolation, can be expectesd for stable situations.

Upward and downward transformations of wind_speed can be sensitive for changes in local input
parameters during all stability situations.




3 Performance of the flux routines in Cabauw

in this section the performance of the flux routines i discussed. An extensive dataser comaining houtly
synoptic observatioms of the year 1992 s wed. Because an sl weather interpolation systeny” is needed we
exchided as e data as possible. An hour I skipped only if essential data was missing or of bad quality.

The observations used v this paper, can be divided in 5o called Cabanw fower observations <> and
routing observations (the later are availuble from the climatologival service of the KNMI. In this section
experiments are discussad dnvolving Cabuuw tower observations only. A description of the routing
obssrvations can be foond in 84,1,

Al Cabauw tower shservations are hadf hourly means and available only for Cabauw. Meassurements
are avanlable a1 0.6, 1.3, 10, 20, 40, 80 and 200 metres height. Specific humidity is mensured indirectly
by highly acourate psychrometers. All kinds of madiation measurements are done, but no observations of

cloud cover are gvatlable in the Cabanw tower dataset.

The Bux routings require the mpat a8 desoribed in section two, Whenever no short wave mdiation was
available it was pararreterised <> Resolts of the Tux routines including this pararscterisation are fabelled
with “par”, ke Hitwpar and Leflspar. Since no local cloud cover observations were available in Cabauw, the
averaged cloud wover is taken of three weather stations around Cabasw, An effective roughness length
{gustimess derived <> depending on wind direction (18 sectors) and season (summier = May - September and
wintey = October - April) s wsed,

The results are presented by the weonth, A selection of plots is presented in this section.

3.1 Burface fluxes of sensibde (71 and latent heat (LE}

A good representation of the surface fluxes i very iportant. The fuxes from the Bux routines are used in the
AIM 1o caloulate profiles of temperature, humidity and wind speed.

Comparisons are made between surfuce fluses obtained by using the flux routines and "ohservist” fluxes
obtained by using the profile method «<2>. From September il December 1992 also flux observations
obtained with the Bowen ratio method <17 were available.

In ts paragraph seatterplots of a typical summer month (August 1992) and a ronth where the LE is
underestimated and the H overestinated {April 1992} are presented.
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Fig. 3.1 Comparison of messy
Cabayw with estimates of Ha
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Fig. 45 Fror i the estimated sensible hear fux (eflxary and latent hegt Dus deflzem)
{error = observation - estirmate, for Apnl 1992
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As expected <8 the results Hlustrate that the Priestley Taylor equation for the Jatent heat flux (13 performs
best in daytime summer month situations when (-G is relatively large. But also in summer months, errors
it the estimated flux can be large. These errors introduce noise in the AIM because the surface fluxes are used
for the upward and downward transformations. In a next paper attempts to improve the skill of the estimated
surface fluxes by using a Penunan Monteith equation for the latent heat flux, will be described.

Latent heat fluxes are underestimated systermatically during night time. Note that there are no physical
argumments for the Priestley Taylor formulation during night thme situations (because during night time the
bmmiddity deficit is not correlated with (-G, see (1))

For April 1992 a clear underestimation of the LE and an overestimation of the H can be observed (fig. 3.3,
3.4 and 3.5}, The available energy for LE and H is more or less correct {error in H +error in LE = 0, see fig,
3.5} but the partitioning hetween H and LE is wrong. In other words, the Bowen ratio, which is almost a
constant in the modified Priestly Taylor equation used (13, s not correct. By taking the humidity deficit mto
account {Penrman Morteith equation) the Bowen ratio may be better adapted <155,

The flux routines seern to have an upper limit for ¥ of 150 Wi, In the sumrmer months June, July and
Augast of 1992 however, these H > 150 Wit are “chserved”, using the profile method. Unfortunately there
were no “Bowen ratio” heat fluxes of summer months to check this upper Bmit. In the same way there seems
(o he a lower Himit of <50 Whar® {e.g. fig. 3.1) when the heat flux is calculated with the flux routines. As can
be: seen in fig. 3.6 thers are also sensible heat fluxes caloulated with the “Bowen ratio method” which indicate
that sensible heat fluses really can drop below -50 Wit in Cabauw.



Fig. 30 Compaison of the sensible heatflox () in Cabuuw calodated using
the Bowen satio meethod wd the profile method, for Septerober 1992
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The correlation between observations and estimates of H and LE decreases somewhat when the short wave
radiation, Kin, 1 parameterised. But there seems 1o be no bias associated with this parameterisation,

I table 3.1 Root Mean Square Errors, RMSE (Appendix A) of estimated surface fluxes are plotted. May and
June are skipped becanse of the poor quality of the flux observations. Different RMSE are made:

Hilaxbowen:
Hflusprof:

Hiluzpar:

comparison between ohservations of H using the Bowen ratio method and
estimiates of H using the flux routines

comparison between ohservations of H using the profile method and
gstimates of H asing the flus routines

comparison between observations of H using the profile method and
estimates of H using the flux routines including parameterisation of Kin

Abbreviations beginming with Leflux have analogous roeanings to the ones up here.

3
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The RMSIE of the fluxes morease i summer months becawse on the average H and LE are larger i dayting
surmner month situations, Atempts have been roads 1o producs relative ervors but thixes close to O dorminate

the monthdy averaged relative ervor and mabe e rosults useless.
The RMSE seern to be Jarger when ssimates are compared with “Bowen ratic” ohservations than with
“profile method” observations, This 14 probably due 1o pro b s with the Bowen ratio method during

transition: hours {from siable to unstable Mii oy and vice ,see g 360

3,2 Vertivad profiles of fomperatuee, specifie bonbdity s wind spesd

Using the flux rowtines with iput from 3 cortain hoight, the temperaturs, specific humidity and wind speed at
other beights can be calonlatod using fay prodile zu?&iz«: e (0200304 . These estirmates can be compared
with measurements made at the Cabauw wower, For specilic humidity i}zia‘ verification has pot been done

bafore, By w’zze‘é %g&:zs’d andd fernperatire this compmrinan has been mads earlisr <23, but only for selacted
setumtions {restrivtions {ss wingd dirg ”%ii;?#fq.%&fﬁéd sped > birdfs, no raands §§

Apain g e 3&&3 o1 of the results b presented here, Ul o *“i% the estimmted T, ¢ amd U at 80
metres are calcalutod wning the fax routd with bared wynopticsd m{}m (U ar Wmoand T, g and Kin at

1 S5m0 I thes paragroph esimates of UL 7T and o gt 8w are
§ &5 3
thess zz%ci€<>;“{'>§<’-wée‘f%% prararetors gt if heaht

arud hiases of setimatey of wind speed, s

ssed sucoessively, Finally the estimates of

-
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Fasturates of wind speed ot 80m

Fig, 37 Compatson of eimaes, wsing the Puoutines with nea sufipe observations,
sk measurernents of windspood at 803 metes in Cabaow, B August 1992
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Figore 3.7 shows o characteristic scatterplot for wind speed. In comparison with fig. 3.7 the scatter increases
fur estimates of wind speed at 200m and decreases for wind speeds at 40 and 20m (see table 3.2).

For almost every month in 1992, the flux routines overestimated high wind speeds. Vertical profifes of
meteorological parameters during high wind speed/nentral conditions are relatively easy o determine (no
stability eorrections). Therefore the overestimation of the high wind speeds in Cabauw is Jikely to be caused
by ivadid 7 values,

In«3» the wind directioms of the high wind speeds (Z-ZW) were excluded from the analysis because the error
e o nterference of the mast and boom with the wind measureroents, would be unacceptably large (2%,
Holtslag found no systernatical error for estimates of wind speed at 80m. The dataset used in this paper is
corrected for errors due (o the interference with the mast and the boom.
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o partienlar cases ervors i the estimatind Tee, can be as farge @ 8°C | Pigs. 3.8 and 3.9 (which are
gualitatively the same for every month of 1992} show that sigmificant arrors are restricted 1o night time
: situations with low wind speeds However in figs. 3.8 and 3.9 tne exception can be seen, Despite 2
wind spesst of 6.8 wvs a1 20 metres an ervor in the estimated temperature a1 80m of 2.6 °C is observed. During
this hosr (16000 o mepative sensible fux of 50 Wi’ and some rainfal] was observed. Estimations of
prodides during ranfall are estremely difficule. Note that many hours with rainfall are not acladed in this
stacdy becsuse most of the tiee these obyervations are marked as “bad quality data”™ and rejected
Correlations between terpenature ermrs and cloud cover are less clear (apparently non existent for most
motghs ), Maybe the fact that cloud cover at Cabauw 5 construcied by averaging the cloud cover from thyee
nearksy synoptical dations & confusing this e a litle,

tes of specitic humidity 8t 80m

For most months the correlation between sstimates and observations of specific humidity at 80m is better than
was the case i June 1992 (shown s fig, 3010

Fig, 3 ¥ Oomparison of estimated spoific huenidity {asing fes routines with near surface ohservations)
with cheervations of the spedfic aonidiy @ 30 mstres in Cabauw, for Jone 1992
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Au can be seen clearly from fig. 3.0 1, which s representative for all months 1n 1992, the worst estimales are
again made during night e { am% tey hours. Despite some (bigd exceptions, there is definitely a negative bias
curing night e, This means that by sansforming specific humidity from 1.5 to 80 metres during might time
wsing the flus routines, the specific humidity 80 metres is overestimated. This probler may be solved if the
modified Priestly Taylor parameter o¢ (which represents the availability of moistare i the soil for evaporation
(1) is changed from 1 toeg L20 1.2 seerns fo be a reasomable value for night tme according 10 <8>. An
increase i o will increase the evaporation and this froplies that the estimate of the specific humidity at 80
wetres will decroase, As can be seen i soutterplots with latent heat flux estimates and observations (e.g. fig.
3,23, increasing the evaparation af pight will improve the extirmated LE for vaost months,

During &mmw an Wieresting “mountain shape” i the specific humidity error can be observed 1n fig. 3.11.
This “mountain shape” is most pronouncedly i surmer menths and decreases gradually when days are
shortening in colder months,  This daytime error has nothing 1o do with the paramsterization of the net
eachation {which has no svstermatical ervort or g diwrnal oycle of specific huridity (which i o smally, The
“mowgain shape” error corresponds 10 an oversstimute of Jarge LE fhuxes around noon (Which s indeed

observed.

Omaniiiaisve resubs

frs pable 3.2 Boot Mean 5g Frrors, BMEE, (appendin A of estimated T, g and U an different heighis are
g%ii e, Results for May are not presented becanse of the poor guality of observations in this menth,
Yarious KMSE between observatinns and estimates are sade, One examypshe

Ly somparison between Csbanw tower observations of the wind speed at 200m
> the flus routings

and setimated wind spoeds ot 200moosing



Table 3.2 RMSE of wind speed [nvfs], specific humidity [gkgl, teraperature PCl ransformd from
respectively 10, 1.5 and 1.5 metres using the flus routines,

0T R20T G20% 9G4 GRG6  GR07 G208 L2048 92100 921t 9212
Uil 1042 G360 042 Q31 020 032 035 (36 035 042 041
UdGm (073 On6 074 057 049 036 061 059 065 072 072
Uedm 1 1O9 1220 100 87 097 088 088 099 088 29
P200m 1189 221 235 1E6 183 1RY I8 LBE6 242 175 A7
g 40m G4 020 626 027 DAS 441 035 027 027 01 0413
o & G20 027 D34 040 054 062 032 042 034 019 R
afbom 1005 0407 010 046 043 008 043 040 009 004 0
Talm (0310 O81 068 074 048 072 037 035 460 (3% 045
T8m 104 RGO 093 104 G700 087 048 054 081 0581 063
Tolem 1O 025 026 025 029 025 019 016 020 011 010

st

Cenerally a threshold of 20 times the local 2 value {=60cm) s recormmended for using the flux profile
refationships (2131043

For the trarsformation from 1.5 to 0.6 wetres a local roughness length, determined by the height of the ocal
ohatackes (here short grass =2 Zowee003m) should be used. For all the results in uble 3.2, however, the
roughness Tength used iv an effective roughness length (which is much higher, =0, timy, Despite this. the flux
routines perform well i ransforming T and g from 1.5 10 0.6 metres.

it can be expectad that transformations from 80 w 0.6 metres using the effective roughness length will lead 1o
results comparable to the RMSE of UsDm, TR0m and ¢80m presented in table 3.2,

Transforming from 1.5 10 0.6 metres, the difference in height is only 90 cm, but one should keep in mind that
gradients of T amd g can be large between 0.6 and 1.5 metras,

Table 3.3 Biases {Appendix A) of wind speed [nv's], specific humidity [g/kg], temperature [°C1 at 80m,
transformed from respectively 10, 1.5 and 1.5 metres using the flux routines.

9201 R202  L203 G304 9206 D07 9208 9200 9210 9211 9212

Uslm [-0733 0424 0593 0413 0270 0403 0449 0341 0144 0247 0783
gl 0019 0064 0038 DT 0038 0167 0216 0077 0010 -D038 0008
TeUm 10020 0300  (.244 0428 0013 0223 0207 0126 0023 0020 0213

These biases will be used in 4.3

To test the symametry of the flux rowtines, to upward and downward travwsformations, experiments have besn
caried out where, msiead of transforming upward, meteorological pararmters are transformed downward
from 50 wres to synoptical heights. The 2, value wsed ix the same one as with upward transforming. The
erpors pade are about the sarme and bases bave the opposite sign. Soe.g. the "mourtain-shape’ from fig, 3.11
turmst o @ “valley-shape” i we transform specific humidity from 80 metres to 1.5 metres, Conclusion: the
flus routines appear 1o be syrmneirical.
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.3 The dotaset

For o ex ; rivents, desoribord In thiv seotion, ¥ was neosssary o use differsnt Bind of measurements in one
CTherefors & 38 trmportant 1o keow which observations are used and how they are used. The
valled Cabaww tower and routing observations {the later are available

the KINMIL The Cabauw wower observations are already described @

CEPEY rirs
obssryaiions can be divided n @
from the climatological service of
the beginrang of wection 3

fn additon o the A,&%z&am wwer dataset an extensive dataset of routing observations, containing hourly
stions of the vear 1992 was vesd. As with the Cobauw tower dataset, we excluded ag little
an “all wenthey ierpolation systers?” was needed. An hour was skipped ondy if

synoptic obs
data as possible becwoss
essential data was missing or of bad guality.

Routine observations were available for 2l stations volved, mcloding Uabanw, Wind speed and
incomning shost wave radistion (Kin) measurcments are hourly means, while temperature, relative
hunidity and wind dirsction w10 minme menns, Specific humadity b measured using a capacitive
rstaurment (except in Cabaow where a psychoometiy 8 used). Al observations are made at synoptical
heights, te. 10 metrs for wind spesd and direction, and L3 metres for temperature and relative
hursidity, In Herwijnen and Cabaow clound cover i3 not available. For Herwijnen observations of
sressure are alsoomdssing, The oloud cover and pressure in Herwijnen are taken to be f*qu;ﬁ 1o the values
i Do Bile which can lead {under exceptionmd chrommstances} o significant meonsistencies m the dataset
of Herw gzzm The cloud cover in Cabmuw was mken ax the average of the cloud cover ohserved at three

nuarby stations,

A oo wrmm I f routing observations for Cabhauw with Uabauw fower observations will unavoudahle
arpls ookl @%g, 3t zg‘v specific humidity ar 1.5 metees in Cabauw according o the
4.1 soms sipmifioant soafisr can be obsgrved (de

fead 1w
ot

joT

,émi é’ 33% sy fownr ohservations

sonversions (o specific humidity are Din g "a‘zx‘iﬂ;ws%i wayy This s caused by the fact that specific
humidhty 15 rather vanable, and not g 920&\9% changing pararacier {as often thought), Changes i specific
hurddity of 3.5 ¢ in an hour or 15 gfkg in 10 minutes do occur, Sometimes these changes are

tations more or less
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3 $43 FYR 3 LR RIS
mesdy roustine dota with Cabaow fower data in thig

{f;;zé'ts:-zz.m
W ARG

megsured at all beights in the
stmulianeousty, So this phenon
by compare {mng

Whensver 11w R
section, 1 will be mentionsd,




s-rrvegg (routine aed 3 minutesmean (Cabanw tower specific
o, s o fanetion of the bowr of the day, for August 1992

fig. 4.1 Differonce betwern Hmtinug
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4.2 Effvct of the upward transformation

Heve routing observations are connpared with Cabauw tower observations {(see §4.1}
The tact that, in the AIM, ransformed observations of four stations are interpolated can obscure typical
effects of the AIM. Therefore the effects of the upward ransformation in the AIM are considersd here

by looking at Cabanw and only one other station,

The obvious effect, which will be pointed out 1 another form in §4.3, namely that the interpolation
ervor at Slm s smaller than at 10m for high wind speeds, is nicely Hustrated by fig. 4.2 and 4.3,

jae]



Fig 4.2 The observed wind speed i Cobapw 3 10w thad bowr soean obsepvation) plotied sganst dre
crhmrvedd wind speed i Do Bil g Ui Gus mices observgiony, for Jemery 1992
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guw are plotted in fig 4.2, In fig 4.3
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Ulpsward transformation has ropact on the total range of termperature and specific nmdity values,

4.3 Horfzontsd smoothoess and inferpolation errours

In section | we assswmed that fields of tempersture, spectfic bumidity and wind speed vary mon
stroothly at greater height than near the surface. Brcause of das these parameters could be interpolated

more acourately,

A stmple approach to this phenomenon is that local changes, induced by surface forcings, are weabened

when they are transported through the {surface layer) air, becanse this air has a vapacity for momentum,

temperature and humidity. The Monin-Obukhov theory, wed o the Huy routines, mekes the asaimption

that the vertical profifes are in eguilibriern with the underdving surfave. Unfortunately this 15 normally

not true for stuble atmospheric sttuabions where, i‘sz: anse of the wesk vertical mixing, the upper
a large bomogenenus terrain up the stream i3

ziz?sz N

w%}% b tess influencad by the swrface at grester

atrnosphere maponds stowly to surf; ace
reprired For stable atmospher ¢
T grperal we expeot (and hopey that the
heights, even during nighi-time (for wind speed (hiis i 5 generatly acceptedl

%



I this paragraph, the smovthness of a honizontal field is characterised by the standard deviation.

{7y

iow standard deviation of a temperature, specific humidity or wind speed field

a o= statton (Herwijnen, De B, Schiphol or Rotterdamg

v observed temperiture, specific humidity or wind speed

&= the average tlemperature, specific humidity or wind speed taken of Herwijnen, De Bilt,
Sehiphol and Rotterdam

Routine observanons of Herwien, De Bilt, Schiphol and Rotterdam are wsed. For now-synoptical
heights the observations had o be transformed upward using the flux routines,

f%gggain it 39 stated that the change o standard deviation woving 1o greater heighis is caused by the flux
o Untirnately there is only one obssrvation tower at our disposal, so the “real” stendard
deviation of the aimosphere at pon-synoptical heights could not be measured directly.

From the routing dataset standand deviations (73 of temperatire {T) and specific hurmidity (q) observed
at 1.5 metres and wind speed (U} observed at 10 metres can be caleulated, If the o of a field is larger, a
grester profit or impact of the AIM might be expected In comparison with straightforward horizontal
interpolation {only if the increase of the 18 a consequence of increased localness of the observations,
: er difference in cloud cover between the stations).

serbing the correlations between the & oF Tism Qo and Uiy, and the hour of the day (or
véabzim condition}, it has 1o be noded that these correlations can be weak for certain months,

For most months and for all parameters the standard deviation is relatively small during neutral
conditions (us during the transition from day to night or from night to day. In agreerent with this the
standard deviation of T and g (not U generally decreases with increasing wind speed. This s illustrated
by fig. 4.0 (ypical for T and g). These results are in agreement with <13, who found that differences
i U, T and ¢ between forest and agricultural fislds are small in neutral atmospheric conditions but
mereass with increasing (undstability,

24



Fig, 4.6 The standad devinton, o(71of the observed wmpomue o 1% a5 3 finction
of the observed windspeed & 10m in Cabnow, for Pebyuary 1992
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Dwring the winter months the o of T and g &5 lagest during night-time, despite the fact that
temperatares are low then, In the sunumer months the ¢ of T and q s relatively large durtng night-time
and especially mid-day tme. As far @ emperature 1s concerned, the latter moay {partly) be cuvsed by
the fact that temperatures are relatively high round noon,

Under what chroumstances are interpolation errors, caused by simple horizontal interpolation of synoptic
(routing} ohservations farge? To check this up, routine observations (U, T and et of 4 stations
surrounding Cabauw (g, 1.2) are intorpolated horrontally to Cabanw where they wre compared with
routine ohservations in Cabauw, The results of this expertment arp in agree with the behaviowr of the ©
of the syroptical observations, te. for most months the interpolation grvor 15 relatively small during
neuiral conditions and Inoreases with (onjstability depending on the season. Despite dus no correlation
could be observed (in seatterplots) between the © and the interpodation error, Therefore the assumption
made 1 section 1 that more smoothed fields (smaller o) would lead to fmproved interpolation results,
cannot be supported by the results of tus study.

Some of the extremely larpe intorpolation ervors can be oxplained by the occurrence of fronts or
showers. I heavy showers, temperators may drop saddenly with up 1o 10 degress Celsias, or munain
almost the same. It ix very difficult to predict this effect. It i possible, but outside the context of this
sinidy, 1o take the effect of thermal fronts into account,

The change in standard deviation due to upward tansformation 15 Hlustrated by fig. 4.7, 4.8 and 4.9,
) 3 &
These flgores are reprosentative for all months of 1992

v
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Fig, 4.7 Diference botwasn the standard devighion,  oin the spectfie bumidity feld & 80 and 1.5 matng
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Fig 4.8 Difforoncs botweon the shadand deviation, aof tr mpesture Held a8 80 and 1.3 meires
(e - G 3, Bor August 1993
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Fig. 4.9 Dafferonce bovacen the stadend deviation, wof the wind speed feld ot 80 and 10 mutms
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Looking af fige. 4.7, 4.8 and 4.9, it ix obvious that in many cases the standard deviation does not
decrease when 1Lt or g is ransformed upwards. However, before drawing conclusions from figs. 4.7,
4.8 and 4.9, onie should remember that the parameters themselves change In magritude during the
upward transformation. Wind speed increases during upward transformations. Temperature decreases
during day thwe {unstable) and increases during night-time {stable) shuations. Specific humidity
decreases during unsiable sttustions and can increase or decrense during stable situations, For all of
these paramsters the relative o could be caleulated {dividing the ¢ by the mean of the paramster). For
temperatares round 070 this leads 1o very laege welative errors, Farthermore 1t s not clear whether 1t i3
the relative o that is rnportant for this siudy,

As stated before, 1t 15 known for wind speed maly (e <8} that the horizontal ¢ {relative and non-
relative!) must decrease for greater heights. Fig, 4.9 shows that, using the flux routines for the upward
transformation, there might be a soall average decrease of the o in the wind speed during day time.

As far as tempersture and specific bumidity are concernd, changes in the ¢ due W the upward
sransformation are small during day tme. Under seutrad conditions (duning the wansition from duy 1o
wight or vice versa) thens ix almost no impact of the upward wansformstion on the g of T and .

During night-lime the ¢ in the temperature feld may ivrease and decrease. No particular clrcumstances
can be pointed out when a decrease will be found (purely random changes would probably not generate
so much of 2 decrease i the ). The © in the g fleld only increases during night-time {except for some

sl decreases),

Are the isterpolation results better ay 80 metres than they are al synoptical heights?

The answer to this guestion might el us sometiing about how successful the npward transformations m
the AIM has been in stripping the local character of the observations of the surrounding stations, In thig
part of the AIM siretch (he upward transformation) most environment characterisiics are better known
{in this study maialy NN and Kiny, Some inpot parameters for the flux routines are less accorately
known af the Iocation of the downward amsformaiion {n this study in Cabaow,

So transforming only upwards and verifyving ar 80 metres, possibly makes it easier to show some

hensdicial effect of the AIM. However it i not strivtly necessary, for making the AIM profitable, that




thess values at 8O metres are correct! The 80 metres values are just “in between vahlues” and the errors
made during the upward gansfoomations are compensated 1o a large estent during the downward
ransformutions, For example looking at fig. 4,10, one hour can be seen where the interpolation ervor for
temperature at 80m is almost B °C larger than the interpolation error at 1.5m. This hour corresponds
with a strong nversion in Cabauw (Trse=12.57 "C and Tewe = 2138 "Ch It is hkely that the flux
routines underestimated the mversion at all the surrounding stations during the upward transformation
{this ssue will be discussed at the end of this paragraph), resulting inan creased tterpolation erroe at
B, When this bad estimation of Te, n Cabaow 15 transformed downwarnds again, the flux routines
will again underestimate the mversion and the error will be reduced considerably.

The mterpolation error at synoptical height is the resultant from a hortzontal interpolation of {routing)
observations of Uige Tise and qose at the surrounding stations (fig.1.2), to Cabavw where they are
compared with Cabauw tower observations of Uige, T and sy For the Interpolation error at 80m
the routine observations at the surrounding stations are transformed upward, using the flux routines,
and subsequently interpolated (o Cabauw where they are compared with Cabauw tower observations at
Bl

1 for July 1942

oA
oty oreor af 8m = (Cabauw tower obs. ¥im b~ Gor, intp. 80m estimates asing T mtines)
ety eroor e 1.5 = (Cabanrw tower obs, L3m) - thor indp. 1.3m routine observations)
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o sumimary the main results of the comparison befween the mterpolation errors at synoptical and 80
metres heghls

For high wind speeds the interpolition error at 80 metres height is smadler than the interpolution
4 % 5 metres (fig 40
a Pruring night-time, stable, sipations interpolation grvors for T and g are nowvmally bigger at 80
metres i%mrz at 1.3m. Differences between wterpolation ervors at 1.5 and 80w are mostly small during
day e {fig. 4100 Interpolation ervos T T and g at 80 and 1.3 metres are the same under high wind
spreed conditions {Tigd 123 Because the caleulated vertical profiles of T and g are almest perfectly for
izzah winsd xmcdfzz»zztm% conditions (fig. 291 1 can be stated that, under the lniting conditions of this
study, a perfect AIM would give no effect in comparison with direct horizontal interpolation st high
vined speeds. T other words, measurements of T and g at B0 metres are just as ocally defined as 7 and
g st 1.5 etees ot high wind speedfnentral conditions.

As vould be expected the effect of the upward tansformations on the interpolation error mcreases when
the ransformation height increases and vice versa. These results are not presented.

What are the results concerning the terpolation errors per month quantitatively expressed? Let us
vomsider the stapdard deviation with respect to the mmean ervor, 81 {representing the scatter with respect
tor the mean error, see Appendix A) and the bias {Appendix A).

Drifferems 510 and bisses are made

Lidir comparisen between Uy, observed in Cabauw (Cabauw tower ohservations) and
estimates of L, in Cabaow using direct horizontal imterpolation
e corparison betwesn Uy, observed in Cabauw (Cabaow tower observations) and

estimates of Uy, in Cabauw made by horizontal interpolation of upward
transformed (1o 80 routing cheervations
Abbreviations of other comparisons have analogous meanings,

The meaning of U+, T and g+ in table 4.2 will be explained in Appendix C.

Table 4.1 8D of femperature {C), spevific humidity [g/hg] and wind speed [mis] in Cabuauw

SI01 9207 9203 9204 9206 9207 9208 9209 9200 9211 9212
Udip 10737 0678 Q0879 0725 0679 0752 0820 0749 (0838 0883 0700
Ul 1226 1403 1324 1320 1961 1161 1253 1236 1338 1143 1325
iy (.11
8

400127 0177 0216 0414 G374 0338 0248 (U8R 0132 0124
gslln

8 0377 G409 0461 0671 00664 0615 0372 0205 0326 D249
Tdir 0392 0471 0505 0498 0524 0S516 0 0485 0318 0499 0381 0441
THOm (OE7Y 0931 788 1273 (.893 1051 3800750 1069 .667 (939

T
A



3/«

Table 4.2 Biases of wemperature MU speoifie hurdity [adke] snd wind speed [fs] in Cabauw

D201 QR0 WA 94 906 DROTY 9x08 LR00 iy 971y W2gR
Udir 237 0298 0200 §045 D045 D275 G313 4003 0314 0212
Uil 1-0.539 00126 0465 0242 0082 A6 U138 L0082 0009 0377
Ll Lrd4us D26 AR 0368 L I7T 3174 G028 0041 0067 087
gedir L0181 0051 0030 0073 0315 06 0362 J0280 0209 -0URs 0250
galm D91 0066 00142 0241 0386 0300 00585 0880 0182 L0223 0245
o 0200 0087 0465 0244 L0372 D483 JQ5TR D3R 0209 L0224 0255

Tdir  -0312 0394 0195 0094 0077 0204 0390 0115 0094 0208 0140
387 L0185 L0036 0098 0014 0051 0043 -D.438

TeGm AOATY 0020 QO0BD 0382
T S22 (1049 4o 0071 <0183 DO DT 00174 3357

Aol Tgand U
The 8D of T.q and U all show a clear increase at 80m in comparison with the 51 @t synoptical heights
{remember U increases durtng the upward trapsformation).

-Biases of U, Tand g

A clear biax can be ohserved. The specitfic humidity and temperature values resultant from the a:éirf:c{
horizontal inrpolation are generally higher than the observed values in Cabauw, Wind speed
Cabauw 13 underestimated by the horizontal interpolation. These biases of T, g and 1 are consistent
with the Tact that 2y values are, on the average, lowsr i Cabauw than at the surrounding stalions (see
experiment [ & 5 in §2.2) Ehe: measuring struments fov the hunudity in Cabauw are different from
the ones used in the surrounding stations (§4.1), This mray also be an explanation for the systernatic bias
i the specific humidity between Cabanw apd the surroundimg stations. It 15 Known that, at high
humidity levels, the capacitive humidity measurerment Instraments {used at the surrounding stations in
19921 may overestimate the humidity, However, the bias appears at all humidity levels.

Mo sbvious improvement of the biases at 80m in comparison with the biases at synoptical heights can
b abservid,

The biases from table 373 and 4.2 can be combined ina way that ix explained in Appendix O Ax g
z’@‘;zzit of this combination ¥ can be stated that te errors made during the upward tasformations are, ©
a large exient, independent of location (in this study) and not caused by wrong input parameters { unless
these imput parameters have the same errors for all the stations, which is uplikely ). An exception has (o
bie made for kigh wind speed vadues {probably due too wrong 20 values i Cabanw §3.2) The errors
cassed by the upward transformations seem to be determined by the weather conditions and are partly
due to imperfections in the flux routines under cortain weather conditions,

Side-note: For some condifions, sug. when the air ab 800y bas totally differe "hé’iﬁ‘ﬁc’{sﬁi‘ﬁ%ii«;‘\‘ from the air
at synoptical heights due o differential advection (during cortain night m stable siwations), 0-D
diagnostic ‘models” such as the Hux routines will always be meapable in gvmeﬁuamg correct vertical

profiles,

For this study there seems o be no clear advantage of nerpolation al 50m instead of interpolation at
synoptical hetghts i we look at the absolote (non-relative) bias and soatior,

As stated hefore, #is not a priort pecessary that the estimsted values ab 8lm are correct. ;%’-%'mwwer it
seems reasonable 1o conclude that ot this point m the AIDM (after the upward transformations in the
surrounding stations and the int §’H§ai§%s3§s at 80m 1o Cabauw) there i3 no indivation of some benefictal
effect of the AIM due to the elimdnation of the local charscter of the observations in the surrounding

stations,

3



& AIM versus horizontal interpoelation

In this section the performance of the complite ATM will be discussed. Le. the routine observations (at
synoptival heights) in Rotterdam, Schiphel, De Bilt and Herwijnen are transformed upwards o some
reference height, subsequently interpolated (at this reforence height) horzantally to Cabauw and fally
franstormed downwards again o synoptical beights in Cabauw (fig, 1.1 The resulis of the AIM are
compared with results of direct horizontal interpolation of the routine ohservations m Rotterdam,
Schiphol, De Bilt and Herwiinen 1o Cabaogw,

There 15 no need for Cobauw observalions at non-synoptical heights in this sectivn, so only routing
chservations (§4.1) are used. An exception has to be made for the resulis in table 3.3 and 5.4 where
Cabauw wwer obsgrvations {section 33 are used,

For most expertreents prosented in this section 60 metres was chosen as reference height because for wind at
this height horizental variability (n a 55 ke block) s normally small <9 and the surface fayer theory,
which s wsed for the upward transformations, s stll applivable in most cases, The height where
reterologionl parareters are more or less horizontally homogeneous, depends on the parameter itself, the
atrospheric stability and the underdying land. Large arcas of fand can affect the profiles in the mized laver
<13,14>. Because air has a sooaller capacity for momentum than for temperature and hamidity, changes in the
surface will effect the wind spesd at greater heights. This &5 an argument in favour of using a greater height
for wind speed than Tor temperature and hurmdity,<13>. The effects of changing the reference height in the
AIM are studied mhis section,

Inputparameters fon the downward omsfmation in Cabaow

In practive, using the AIM, wind direction, downward short-wave mdiation (Kiny, cloud cover and
pressure are not available for the target location (i this study Cabauw). The cloud cover at the target
fovation mught be determined by means of satellite piotures or short-term advection cloud models. In the
stdy presented in this paper the cloud cover and Kin for Cabauw are obtained by horizontal
interpolation of the observed cloud cover and Kin at the surrounding stations {(fig.1.2). Because
shservations of the cloud cover were not available in Cabanw, the effect of wking the observed cloud
cover trstead of the interpolated cloud cover at the target location, could not be investigated. So the
possibilities, i the present stady, for the AIM 1o add the local character (due by the cloud cover) back
it the ohservations during the downward tansformations, are Hmited,

For the direction of the wind m Cabauw, the observed wind direction in Herwiinen is taken, Taking tha
wind direction in Cabauw mstead of Herwijnen showed no significant effect on the experiments {and
resulted i the same 2o valoe in Cabsuw for most cases),

For the pressure in Cabauw the observed pressure in De Bilt is taken. The effects of using this pressure
value can be neglected for the purpose of this study,

i
3



Firatly it 35 important to note the fact that differences between the AIM and direct horizontal
imterpolation are generally wery smedl in this venfication, and using these flux routines Some
characteristic figures:

By at LS dn Cobauw obrained by Jingt

<3 wd by the AV (via 80, for Soptormbey 1992

Fig, S Batimaes of the speatfio fn
horisongal interpobaion (DIF

P — T ———————————
4 as “
®
#®
#* d
f % 4 A
E ﬁ@
s -3
- 3 PR
g o :Eagﬁ 4
jons] w %
&= ; " :
o o
& *
Yoo & - # -
o
R
= E # 4
I~
B8]
& 7
A
£ i 4
£~ # My
&
%8 ® 3
5 < kd ! s 3 < g k4 ! v

4 E¢ 1 P
i}, s 0 Cabave kel (DIR)

g o
&

Fig 5.2 Feiima of the wind spead o 10m in Cabasw obtdned by dinxt bodzontal
nterpodation (DR ared by the ABM fdin 80, for Seporsber 1992

e i i it i B BT Al

5 .
-3

g e .

> 1, 10 Cabentw [rrds] (AIMD

7 * "
& o ® d
g E
B~ #®
R B 9 B0 g
#
%
%
E
!“
MR @3 "
M
H
R A A A0 e s Tane: aene Mens aes teaer anne Seas jees Sune sues naes Jener sene
gtz % 4 5 s 7 5 8 0 #n

=L Uabaow refs] (DIR)
Fim

For wmperature g Dgore looking shmidar i Dig. 51 couldd be presented {with differences betwesn AIM
and DR up o 2 °C for September 19971



Because the vange of values for U and g s large, the seatter in figo 5010 and 32 may be visually
underestimated. At high wind speeds, estimates of Uy, in Cabanw are systermativally higher, using the

AIM than they are with direct horizoptal iterpolation (1g.5.2) for almost every month tn 1992, This
care e explained by the fact that 2 values are gererally lower in Cabauw than in the surrounding
stations,

Difforences botween the AIM and direst iterpoation invrease a hittle o the tarsformation height s
taken to be 8O or 200 metees instead of Hlhm,

Finally wo approach the most waportant owtcome of this study. 15 the AIM able 1o perform better than

divect h

wal interpolation?
st ook at the differsnce i interpodation error betwesn the AIM and the direet horizontal

ite values of the interpolation ervors are subtvacted in fig. 5.3 and 3.4 ad
see positive valney in these flgwees corvespond to improvements in the interpolation error § the
AIM v wsed butewd of simple horizontal nterpolation,

Fig. 5.3 Tpaoverment hfoonos in the intepolation evony in the estimate of T in Cabiow,

by psing ARV Ovia 80 nstead of DIR, s 8 function of the hour of the day, for August 1992
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Fig 54 Inproverent Gitference in inpolaion eno in e estimage of U, dn Uabaww, by usiog

the AIM ovia 80m fostead of DIR, @ afuncion of the hour of the day, for August 1992
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Figures 5.3 and 5.4 wre characteristic for every month of 1992, For specific humidity a plot looking
sirnttar to fig. 3.3 could be presented.

As can be expected after the resulis of $2.2, the significant differences are, as far as T and g are
voncerned. restricted to pight tme (stable) siwations {(Hg.53) For none of the meteorological
parameters an obvious overall fmproverment or deterioration appears. No particular circomstances can
be pointed out when an improvement and when a deterioration will be found for a specific hour,

The differences in interpolation coror for T and g between AIM and divect honizontal mterpolation
totally disappear at high wind speedfneutral conditions (see fig. 5.5),

44



Fig. 5.5 hmprovement (difforonce in the interpolation eoon) in the estimate of T, in Cabauw,
bry using the AIM (via ) fnsiead of dirces horbonsd tnterpolaion (DIRY, s o flection
of the oheserved wind speed m Cabauw, Ty August 1992
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S frgores Bke figs 5.3 and 5.4 show no “visible” average improvement using the AIM. What are the
results guantitatively expressed m one value per month?

Lot us consider the standard deviation with respect to the mean error, SD (representing the scatter with
respect W the ean ervor, see Appendin A and the bias (Appendix A),

Difforent SD and biases are made. Some examples:

Lidir comparison between U, observed m Cabauw {routine observations) and
eatimates of Uy, i Cabauw using direct horizontal interpolation
L AIM (60 comparison betwesn U, observed in Cabaww {routine observations) and

estimtes of Lo, in Cabavw using the AIM {via 600y

Abbreviations of sther comparisons have analogous meanings,



Table 5.1 Biases of termperature, specific humidity snd wind spead in Cabauw calculaded wsing the AIM
{via 6 or 200 metres) or horizontal interpolation (i

GGT G202 Q201 900 §2ad  uRny  GaaR guag BRig ‘321} 971z

Ly {0352 4318 400 093 4046 0073 0490 0202 Q008 42 0072
UAlM 60my 10278 0237 4423 0011 04075 00582 D6 L1 000 f} 331 D003
AIMZOGmY 027 D208 0097 0093 008 0038 00wd 05T 0000 4031 0025

g iy 33000 S0UIRE 153 S0UE8Y LD361 GUBYT 04420 03510 0224 D222 2T
o AT {6l L1780 is6 -0041 132 0338 0362 0414 0323 0203 0213 0264
g AIM (20 1 -D61 0132 0007 BORE 9205 0307 0385 00268 0ied 196 0247

Tir AR30 S381 00223 0212 LIRD 0284 0368 (U132 0212 0208 085
T AIM (60m SRR 0278 Jigs 00074 0066 02480 0323 400 062 LI DT
TAIM (200my [-0.287 0244 W0068 0135 0188 0214 0273 0067 010% 0144 013

Table 5.2 8D of temperature, specific bumidity and wind speed in Cabauw calealated using the AIM
{via 60 or 200 metres) or horizonial inerpedation {din

9201 9202 BORY 9004 904 Q207 GPOR 9209 Wil 921 9212

L 0727 0569 0759 05840 0594 0647 G665 0656 0730 0736 0.488F
UoAIM ol 0683 0882 4739 0636 0393 G619 0851 0630 Q742 6713 40574
UAIMODm 10870 0397 0742 0650 0509 0626 0639 0888 0767 0733 (.58

g dir 0130 00133 0853 0255 0465 0495 0401 0374 0211 0148 (134
i AIM (Bl 0141 G147 0200 0282 0501 0530 0426 0318 0224 0163 0134
g AIM 200 16179 0211 0271 0336 0363 0604 0503 0424 265 6210 1,134

T iy 03377 0473 DSRD DANS 0548 (846 Q526 0540 0484 Q38 03R2
T A (8m) 0384 3434 05894 G827 03%0 0583 4533 0609 0538 (397 0383
TAIM (200m) 0393 DAST 0605 0325 0608 0585 0350 0646 0843 0416 0425

-Biases Tog and U

I 84.3 it was already pointed out that the sign of the biases in Cabauw, corresponding with the direct
horizonial interpolation method (table 3.1, Udin, gdiv and Tdir) can be explained in terms of the
generally lower zo vaklues in Cabanw in comparison with the 2, values in the surrounding stations,

Fir sl months and all parameters the bigses, using the AIM, show a, most of the time small,
improvement. As far as T and g concerns, this buprovement increases if the tansformation height is
raised to 200m. For wind speed translating to 200m shows no extra beneficial effect.

it is difficult i say if these improvements in the blases wsing the AIM, are sigmficant. From pure
statistical point of view these inprovements are significant but it is possible that an error in the AIM
secidentally compensates the systematic differences between the surrounding stations and Cabauw, Thix
can be iHustrated by an experiment where the 7o value in Cabauw is fised to some very low value. Asa
result of this experiment the S and the biss of T and g improves substantially if the AIM s used
instead of direet horizontal interpolation.

SEEY wind spred

Using the AIM (©0m} instead of direct horizontal interpolation, the 53D of the wind speed improves for
all months with, at the best 7% (9201}, The snprovements, are very small but the fact that the
gxperiment 1% repeated 50 many tmes (almost every howr of 1992) makexs the mprovement mom
staificant. The results show no extra improve if the vansformation height is raised o 200m.



513 semperature and spocific humidity

S0 of Tand g intable 3.2 show that the svattey inomases, gspecially in the summer months, using the
AIM instead of direct horizontal interpolation. One exception can be seen for 9202 where the 51 of the

emperature s decreased with almost 9% using the AIM (the estimated sersible heat fluxes m Cabauw
were particular good for this month),

Ratsing the transformation height from 60 to 200m increases the scatter in T and g

One of the problems encountered in this study i3 that oo wany parameters which define the localness of
the surrounding stations and Cabauw stself, lihe g albedo or cloud cover, wre unknown {or not well
grongh taken into account by the fux routines).

Anather problom s that the differences between the stations tnvolved are too small ook at the small
biases and 513 in wble 5.1 and 520 wh%ch mkes it more difftoult for the AIM to perform better than
straight forward horizontal interpolation. E.g. the “distance-to-the-coast-effect” with westerly winds can
be very substantial and is not taken into s,zf:,uonm. by the AIM which s designed o compensate small
seade effects (of course an algorithm for this “distance-to-the-coast-effect” could be included m the
AIMY So the simall seale effects must be Jarge encugh to outdo this kind of larger seale effects,

Stde-note: Comparing Tdir and gdir in table 5.1 and 3.2 with Tdir and qdir intable 4.1 and 4.2, 1t 13
remnarkabde that ustag different observations (as in table 4.1 and 4.2, horizontal interpolation of routine
shservations compared with Cabaow tower observations) does not lead to increased bisses and 5D,
This has probably something to do with the fuct that Cabauw tower observations of T and g are
aversged over a longer period (half an hour) and therefore representative for a larger area. Cabauw
rower observations of LU are averaged over g half hour while routine observations of U are | howr mean,
so this may explain the fact tat Udiy in table 4.1 and 4.2 are generally higher than the Udir in table 5.1
ard 5.2

The A i5 also used o ransform routine observations of T s and s from the stations surrounding

Cabauw, vie 60m o estimates of T atd Qe 1t Cabaow, These estimated values at ©0cm in Cabaow
are compared with Cabauw tower observations at 60cm. Resulis using the AIM can not be compared
with resulis using direct horizontal mierpolation because no observations at 60cm are available at the
stations surrounding Cabanw.

Table 5.3 Bisses of temperature and specitfic humidity at 60om in Cabauw calculated using the AIM
{via 61 metresy and compared with Cabavw tower observations

9201 9R07 9203 9304 UD08 9707 URO8  4o06 a2 9211 4212
b4 W03 0076 Q012 L0208 0TS 0238 200 173 306 0224
1283 0410 0218 0333 0096 Q247 0360 0180 0227 0231 D6

Table 5.4 5D of temperature and specific huridity at 80cm in Cabuaow caleulated vsing the AIM {via
&4 metres ) and comparsd with Cabaow tower observations

9201 9202 923 R4 G206 9207 GO 9900 azig  uRil 9317
SHETELHELHY) G028 0139 0472 0224 0426 0391 G370 0276 0499 0433 0130
1 AIRB0m) 0467 583 05872 0384 Q577 0378 0534 Q880 0609 (388 14K7

Table A,

Zand 5.4 show reasonable resulis for the estimates of T and g at #om using the AIM.



& Phscussion and conclusions

The performance of the flux routines, which probably determines to a large extend the success of the
AIM, s tnvestipated using hourly observations of the year 19892,
The fluy muizzm trn cut 1o be unable to produce values for the sensible heat fluxes (H) in exvess of
156 [Wim™l and less than -50 IW/m’] {(no strong inversions'). The latent heat flux {(LE) i
underestinated during night-time. Changzing the maodified Paestley Taylor pararneter, ¢, from o eg.
1.2 during night-time <8> will improve this. The estimate of the bowen ratio, H/LE, can be significant
mn g{‘”i}ff 3.1y with the Priestley Tavior formulation used iy the flux rontines (13,
Yertical pmé}ies up o 200m of temperature (T, specific humidity (q) and wind speed (LT) are generally
estimatied reasonably well, However errors in estimates of T and g can be very large (showers, thermal
fronts, strong tversions). Estimates of T and g (up to 200m) are almost perfect under high wind
specdfneutral conditions, During night-time, upward transformed g values are too high (consistent with
the night-time error in LE). During day time there 35 an “hour of the day dependent” error in the upward
transformed specific humidity (fig. 3.10). The errors made during the upward transformation are likely
to he location-independent and deterrined by the actual weather wondztzong,
Transformations of temperatore and specific humidity up and down with the use of the flux routines,
are sensitive to changes in local input parameters during stable (night-time) situations and  relatively
insensitive during unstable and newtral situations. Up and downward transformations of wind speed can
be sensitive to changes i ocal input parareters during all stability situations.

Snme argarments for using the AIM instead of direct horizontal interpolation (DIR} are mvestigated.

The assurmption that fields of T.q and U are more simooth at greater heights, and therefore more suitable
for interpolation, canuot be supported by the results of this study. During high wind speed conditions
the imerpolation error devreases for U and stays unaltered for T and q if the horizontal interpolation is
done at 80 metres instead of observation height. During other conditions the interpolation error at 80m
will be generally larger than the interpolation error at ohservation height.

Differences between synoptical ohservations from different stations are relatively small during neutral
conditions,

The differences between the AIM and IR are generally very small in the study presented in this puper.
As far as T and q are concerned these differcnces are even negligible during unstable and neutral
conditions. Under the imiting conditions of the study presented here it can be stated that, at high wind
speeds, a perfect AIM would give the same estimates of T and g as direct horizontal interpolation.

The scatier with respect 1o the mean error, represented by the standard deviation (8D}, in the estimate of
U decreases a bit, and of T and g increases, f the AIM (via 60 or 200m) is wsed instead of DIR. The
hias however shows a small improvement for all parameters i the AIM is veed, The AIM via 200m
produces even smaller biases for T and g than the AIM via 60 metres. The possibility cannot be
excluded that these improved biases are caused by asccidental compensating effects. However, the
improved hiases can be explained in 1erms of the 2, thch generally hax a lower value in Cabanw than
in the stations surronnding Cabanw,

One of the main handicaps of the mvestigation presested in this paper is that the local differences
between the origin and target stations are quite small. This makes # more difficolt for the AIM
perforn better than DIR. Larger scale effects (like “distance to the coast” effect), for which the AIM
does not correct, dominate the interpelation errars and possible improvements disappear in the “large
scale notse”.

Another contribution to the noise comes from the flux routines #selves. This noise is caused by
imperfections of the flux routines and msufficient possibilities to take the local vircumstances into
account. OF course, measurement errors contribute to the noise as welll



in the exponiment presented i this paper, Ushbayw is the rget location of the AIM {(fig. 113 Le dhe
¢ have to be transformed downwards in Cabauww. The cloud cover in Uabanw 1

¥

interpolated pararets
ken as the average of the stations surrcunding Cabaws. This mears thal cloud cover is basically used
sy fow the upward ransformations, which (ry o) eliminate the local character of the observations,
and not for adding the local character to the estimate i Cabauw. In practice, the cloud cover at the
sarget location will not he known, but for proving the usefulness of the AIM it would have been
iteresting o presuribe tus observed cloud cover at the target location i an experiment. Satellite
mctres o short term advection models van be used m practice 1o determine the clowd cover at the

targst looation,

In o foture investigation, an attempt will be made 1o fmprove the performance of the AIM with respect
o P by
-rmproving the tegt conditions {(bigger differences between the stations and better known local
characieristios
~trying to reduce the notse, introduced by the flux routines, and extend the possibilities of the
flux routines 1o take the Jocal properties into account, by worporating the Penmarn-Mongeith
Formuplation for the latent heatflux

Some arguments for mcorporating the Peaman-Monteith formulation for the parameterisation of the
batent heatfhux, instead of the Prestly Taylor formulation:
I the AIM has proven to be profitable, it will be wsed 1o estimate metenrological parameters
above all kinds of surfaces. The parametersation of the latent heat flux vsed in the present flux
routines, the modified Priestley Tavior fornmulation, is especially tned for the use above
grassland. Using this formulation above, e.g. some agricultural feld, will reguire (o lot of}
additional research. However thers are many articles published about the use of the Penman-
Monteith formulation for all kinds of vegetation. Moreover it is to be expected that the Priestley
Taylor formulation is not applicable for fall vegatation <&,
Drring night-time, when the differsnce between the AIM and DIR & expected 1o be largs, the
Pricutly Tavior formulation s not based on valid physical arguments.
The estimated bowen ratio (H/LE). wsing the modified Priestley Taylor fonmulation, mmed out
to be significant to error for some months, By taking the humidity deficit into account (Penmarne-
Monteith formulation) the bowen ratio may be better adapted <15,
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Appendix A

The bias 1s defined as:

i3

2
Z‘v"e ¥

where: M o= apmber of comparisons
.= chservation
; s=estimale

S

-

The Root Mean Square Error, RMSE, is defined as

where: M = numnber of cotparisons
x; = observation

d

v = estirale

The standard deviation, representing the scatter with respect 1o the mean error, S is defined as:

wherer M= number of comparisons
% = observabion

£ o= meanoror (= X, -y,

Wate that: RMSEE" = 81 4 bias®



Appendix B Minor changes in the flux routines

Two minor changes are introduced i the fusroutines:
- AL different places i the origingd source code “reals” are compared with “reals”. For sxample in the
fine: P KIN WNE 9990 AND KIN LT 05 GOTO END
where KIM & dochirsd as “real” variable.
OKIN dnoosming short-wave radiatiom)y sguals -99990 1t is massing end should be parameterised
autormdicatly, Because the veal KIN & never exactly <9999, the program termenates nanecessary. By
taking the nevrest intoger of tye reals this problem is sodved.
- Arother problem encountered {giving a “foating point exception” error) was due to the specified
aceuracy of u. in the iteration scheme. The original accuracy, namely 1¥IG° % jud is changed into 171
F il (which fs more then scourate energhl,

Bothy changes are now implercented in the rew "official” source code of the fluxdibrary.
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Appendix C

5

Cansider the following biases (all including only Cabauw tower observationsh:

H

-1 Upward wansformation in Cabauw (§3.2)

S0m i M s Gable 33 cg USOmy

synoptical heights
Cabaiew

-2 Direct horizontal interpolation of 4 stations surrounding Cabauw to Cabauw (see fip. 1.2)

L R synoptical heights = hiasg (see table 4.2, g, Udin
Station A Cabauw Station B

-3 Upward transformation + horizontal interpolation at 80m

B

8m s Basy 1 geom (500 tabled 2, e.g. UB0my

Cabauw synoptical heights

Station A Station B

Station A and B represent Rotterdam, Schiphol | De Bilt and Herwijnen,

On the assumption that: -the monthly averaged bias for the upward transformation is
approximately the same for all stations involved. (Le. the bias,usas for
the upward transformation 1o 80m = biaScae !

-there is no difference, in terms of the absolute bias, in mterpolating
at 8O metres mstend of interpolating at synoptical height,

it can be stated that Dlasy v som DS + DI8SCpaye ¥ By g {83



So tor example the bias U is simply defined as the sum of the biases fdir (able 4.21 and U80m {table
A3y These U+, T and g+ , presented in table 4.2, have to be compared with respectively 1U80m, T80m
and g¥0m i table 4.2 1o check the equation mentioned above.

Bguation () seems to be a gond approximation for most months and all purameters despite the
fuctuations m the biases from muonth to month, Some interesting consequences are presented in $4.3,
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