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EUCOS observing system experiments with the DMI

HIRLAM Optimum Interpolation analysis and forecasting

system

Bjarne Amstrup

Danish Meteorological Institute

Abstract

This note describes the preliminary results from an observing system experiment

(OSE) related to the last part of the EUCOS (EUMETNET Composite Observing

System) special observation period with an increased number of AMDAR (Aircraft

Meteorological Data Reporting) aircraft observations as well as an increased num-

ber of radiosonde observations. The impact by reducing the number of radiosonde

observations is negative in terms of observation veri�cation scores and is also neg-

ative in terms of �eld veri�cation scores over large parts of Europe. The impact of

a few extra radiosonde observations and the extra AMDAR platform observations

is in general negative in terms of the above mentioned measures. This is counter

intuitive.

1. Introduction

This note summaries results from parallel experiments done at DMI addressing the

EUCOS (EUMETNET Composite Observing System) special observational campaign

that took place from 20 September to 14 November 1999. There is a relatively high

density coverage of radiosonde observations over Europe. The associated costs are rather

high and often the question of ways to reduce this network arises. The EUCOS campaign

was set up in order to see if an increased number of AMDAR (Aircraft Meteorological

Data Reporting) aircraft observing wind and temperature below the tropopause can

replace radiosonde measurements. Besides an additional 116 AMDAR reporting units,

27 radiosonde stations uniformly distributed (� 500 km spacing) over Europe have been

activated four times per day. This note illustrates the impact on short range forecast

on a limited area model with the DMI-HIRLAM.

Section 2 gives an overview of the HIRLAM OI analysis system and the use of

observations at DMI. Section 3 describes the observation system experiments (OSE),

section 4 gives some results, and �nally a summary of the conclusions drawn from

the experiments are given in section 5. Appendix A lists the AMDAR platforms and

radiosonde stations that were blacklisted in the experiments.
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2. HIRLAM OI data assimilation system

The operational DMI HIRLAM data assimilation system up to the end of September

2000 was an intermittent data assimilation system including an Optimum Interpolation

(OI) analysis scheme (version 4.6) and a forecast model (version 4.5). The system at

DMI is documented in Sass et al. (1999) and further details concerning the HIRLAM

OI analysis scheme can be found in K�all�en (1996) and Und�en (2000).

The HIRLAM OI is a limited area version of the ECMWF OI scheme (L�onnberg

and Shaw, 1987). The �rst-guess �eld is the 6 h forecast from the previous data assim-

ilation cycle. Three-dimensional multi-variate statistical interpolation is used for the

wind, geopotential, and surface pressure. Three-dimensional univariate statistical inter-

polation is used for relative humidity. The observation window covers a 6 h span around

the analysis time (0000, 0600, 1200 and 1800 UTC). A standard observation set is used,

including synoptic observations, ship observations, (drifting and moored) buoys, pilot

balloons, radiosonde data and aircraft data. Here we would like to point out that no

satellite observations have been included.

In a routine ACARS/AMDAR report are time, latitude, longitude, pressure altitude

and the meteorological data elements wind direction and speed, air temperature, tur-

bulence (if available) and humidity (if available). In the HIRLAM OI analysis only the

wind parameters are used. Normally, humidity data are not reported but they could be

essential if ACARS/AMDAR are to replace some radiosonde stations close to airports

in the future.

In the former OI analysis system used operationally at DMI, no redundancy check

was done on aircraft observations such as AMDAR (Aircraft Meteorological Data Re-

porting) and ACARS (Aircraft Communication Addressing and Reporting System). Ac-

cordingly, the time window for allowing these data types was reduced from the standard

�3 h for other data types to �1

2
h to reduce along track analysis increments leading to

spurious e�ects in the following forecast. Furthermore, area saturation by too many

data has to be avoided around airports. This reduced time window was determined

from observation veri�cation of a series of test runs using di�erent time windows. Since

then the number of available AMDAR reports at DMI has increased substantially, how-

ever, a redundancy check and thinning procedure has also been introduced into the

HIRLAM OI data assimilation system (Und�en, 2000). Recently, an investigation of the

use of AMDAR and ACARS (Aircraft Communication Addressing and Reporting Sys-

tem) was done at DMI (Amstrup and Mogensen, 2000). The di�erence on scores from

experiments with a �1

2
h and a �1 h AMDAR/ACARS observation time window was

very small and the operational time window of �1

2
h has been retained in the experiments

here.

3. The OSE setup

A 27 day period, from 0000 UTC 20 Oct. to 1800 UTC 15 Nov. 1999, in the last part of

the EUCOS special observation period with an extended set of AMDAR observations is

chosen for the OI analysis data assimilation experiments.
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The basic model applied in the present parallel experiment is DMI-HIRLAM-G (see

Sass et al., (1999) for details), built on reference version HIRLAM 4.5/4.6. Thus, the OI

analysis includes the modi�ed observation errors and also the moving platform checks

as speci�ed in Und�en, (1999). The horizontal resolution is 0:45�, the number of vertical

levels 31, the number of grid points is 190 � 202, the time step is 240 s and the lateral

boundary values are updated every 6 hours.

Some modi�cations are made compared to the operational runs: 1) ECMWF analysis

or 6 h forecasts are used for boundary update; 2) 6 h data assimilation frequency and no

restart from ECMWF analyses; 3) long 48 h forecasts are done at all assimilation hours

(as is the case for the operational DMI-HIRLAM-E \Europe" model).

In order to compare the performance of di�erent data assimilation experiments the

forecasts are veri�ed against observations from European radiosonde and synoptic sta-

tions to give an objective evaluation of the experiments. Since the stations involved

in this obs-veri�cation cover a limited part of the model domain, the forecasts are

also compared with (initialized) analyses from their own data assimilation suite (�eld-

veri�cation). The DMI observation- and �eld-veri�cation packages are used.

Three experiments have been made with the OI data assimilation system, two of

those using blacklists as given by Carla Cardinali from ECMWF and the last experiment

using all available data. The experiment named EU1 is a \control" experiment using

almost the same radiosonde and aircraft data as before the EUCOS campaign. Thus,

the extra AMDAR platforms are blacklisted in this experiments as well as some extra

radiosonde data. The experiment named EU2 has the same AMDAR platform blacklist

as do EU1 and in addition 36 radiosonde stations. The third experiment named EU3

has no blacklist of AMDAR platforms and radiosonde stations.

The number of aircraft observations presented to the analysis is shown in Figure 1

and the number of radiosondes is shown in Figure 2. The number of aircraft observations

were identical in experiments EU1 and EU2. There is a large di�erence in the number of

aircraft observations presented to the analysis between experiments EU1/EU2 and EU3.

However, after redundancy check and data thinning the di�erences were substantially

reduced (not shown). Figure 2 also show the large reduction of radiosonde observations

in experiment EU2 compared with experiments EU1 and EU3. The di�erence in the

number used in experiments EU1 and EU3 are much smaller.

4. Results

4.1. Observation veri�cation

Observation (obs-) veri�cation has been done using an EWGLAM (European Working

Group on Limited Area Modeling) station list for the full period and for daily veri�cation

of 36 h forecasts. Note that bias (mean error) and standard deviation (std. dev.) are

used for the daily veri�cation and bias and root mean square (rms) are used for the full

period. We use std. dev. for the daily veri�cation in order to avoid that large uctuations

in daily biases show up. (It also takes away di�erences in systematic biases from di�erent

models. The latter is not the case here, however).
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Figure 1: Number of aircraft observations presented to the analysis. From top to bottom is

shown the numbers for analyses at 00UTC, at 12UTC, at 06UTC, and at 18UTC as speci�ed

by the labels. 1 stands for experiment EU1 and 3 stands for EU3.
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Figure 2: Number of radiosonde observations used in the analysis. From top to bottom is

shown the numbers for analyses at 00UTC, at 12UTC, at 06UTC, and at 18UTC as speci�ed

by the labels. 1 stands for experiment EU1, 2 stands for EU2, and 3 stands for EU3.
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Obs-veri�cation scores using the EWGLAM station list for the full period for surface

and upper level parameters are shown in Figures 3 and 4. The di�erences in scores are

small for all parameters. It seems, however, that experiment EU1 in general has the

best scores in rms and experiment EU2 the worst. Obs-veri�cation for Danish stations

only (not shown) shows a larger di�erence between rms scores for EU1 and EU2/EU3

for mslp.

Figure 5 shows daily veri�cation scores for 36 hour mslp forecasts. There are large

daily uctuations in the bias for all runs. Which one is best also varies. However, only

in a very few cases has EU1 the worst score. The same trend can be seen in Figure 6

showing daily obs-veri�cation scores for 500 hPa geopotential height, and also for other

parameters (not shown).

4.2. Field veri�cation

Note that all �gures and results from �eld veri�cation in the OI data assimilation setup

are done with a resolution of 0.9�, i.e., half the model resolution. Figure 7 shows the

di�erences in standard deviations of 500 hPa geopotential height and mslp from �eld

veri�cations of 48 h forecasts of EU1 and EU2. For both �elds the scores for EU1 are

better in large parts of northeastern Atlantic and western and central Europe. However,

for 500 hPa geopotential height EU2 has better scores over parts of France. In the Arctic

area the scores are mixed between EU1 and EU2 having the best/worst. A similar

study (not shown) of di�erences between EU1 and EU3 standard deviations from �eld

veri�cation shows only small di�erences in Europe and the Atlantic for mslp.

4.3. Precipitation

Contingency tables of precipitation accumulated over 12 hours (from 6 to 18 hour fore-

casts and from 18 to 30 hours) are shown in Table 1. The numbers in these tables

are obtained by counting the number of observed and predicted precipitation amounts

in each of �ve classes for 25 Danish stations (as in the quarterly DMI veri�cation re-

ports). The �ve precipitation classes are (precipitation amounts in mm): P1 < 0:2,

0:2 � P2 < 1:0, 1:0 � P3 < 5, 5 � P4 < 10 and P5 � 10. P is either F (forecast) or

O (observation) in Table 1. The \sum" row and column are the sum of numbers in the

given observation class or forecast class, respectively. The table clearly shows that the

forecast model has a tendency to predict weak to moderate precipitation too frequently.

For very short range (6{18 h) forecasts, EU3 seems to be a little better than EU1 being

a little better than EU2. The basic di�erences are in the small or zero observed precip-

itation class (O1) for which EU3 has the largest number in the diagonal column/row,

O1 versus F1. For the longer (18-30 h) forecast range, the list is reversed with EU2

being best and EU3 being worst. Again, the major di�erence is in the class with small

or zero observed (O1) precipitation amounts with EU2 having the largest number in the

diagonal column/row and smallest number in the \corner" column/row, F5 versus O1.

6



0

50

100

150

200

250

300

0 6 12 18 24 30 36 42 48
forecast length

99102000−99111518
(ewglam stat.lst., ECH anal.)

mslp, units in Pa

30286

EU1
EU2
EU3

0

0.5

1

1.5

2

2.5

0 6 12 18 24 30 36 42 48
forecast length

2mT, units in K

30541

EU1
EU2
EU3

0

0.5

1

1.5

2

2.5

3

0 6 12 18 24 30 36 42 48
forecast length

10mW, units in m/s

30115

EU1
EU2
EU3

−5

0

5

10

15

20

25

0 6 12 18 24 30 36 42 48
forecast length

99102000−99111518
(ewglam stat.lst., ECH anal.)
Height at 850hPa, units in m

5555

EU1
EU2
EU3

−5

0

5

10

15

20

25

30

35

40

0 6 12 18 24 30 36 42 48
forecast length

Height at 500hPa, units in m

5540

EU1
EU2
EU3

0

10

20

30

40

50

0 6 12 18 24 30 36 42 48
forecast length

Height at 250hPa, units in m

5496

EU1
EU2
EU3

Figure 3: Obs-veri�cation (bias and rms, EWGLAM station list) results for the Oct./Nov.

1999 period of surface parameters and geopotential height for pressure levels speci�ed in the

plot. ECMWF analyses have been used to reject observations and the analysis veri�cation

scores are for ECMWF. The small numbers in each plot indicate the number of observations

used in the veri�cation for the given variable.
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Figure 4: Obs-veri�cation (bias and rms, extended EWGLAM station list) results for the

Nov./Dec. 1999 period of temperature and wind for pressure levels speci�ed in the plot. ECMWF

analyses have been used to reject observations and the analysis veri�cation scores are for

ECMWF. The small numbers in each plot indicate the number of observations used in the

veri�cation for the given variable.
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5. Conclusion

It should also be kept in mind that the period for the OSE is fairly short and cover only

a part of one of the seasons of the year. Accordingly, the conclusions are by no means

decisive.

The impact from reducing the number of radiosondes (experiment EU1 versus ex-

periment EU2) is negative on basis of obs-veri�cation. Also �eld veri�cation show some

negative impact in large parts of western and central Europe.

The comparison between EU1 and EU3 is more subtle. EU1 has in general better

scores than EU3. The number of radiosonde observations in the EU3 analyses are

consequently a little larger that the number of radiosonde observations in the EU1

analyses. The number of AMDAR aircraft observations are much larger in the EU3

analyses than in the EU1 analyses. Thus, we would expect the EU3 veri�cation scores

to be better than the EU1 scores. A possible explanation is that some bad AMDAR

aircraft observations are used in the EU3 analyses in stead of being rejected.

With respect to veri�cation of precipitation over Denmark based on contingency

tables, the conclusion is reversed from very short (6-18 h) range forecasts to the next 12

hour period (18-30 h) forecast range. For very short range forecasts EU1 has the best

scores and EU2 the worst scores.
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Table 1: Contingency tables for 9910/9911 period.

EU1 6{18 h forecasts EU1 18{30 h forecasts

O1 O2 O3 O4 O5 sum O1 O2 O3 O4 O5 sum

F1 391 16 3 0 0 410 F1 394 21 2 0 0 417

F2 442 75 22 2 1 542 F2 372 49 28 3 0 452

F3 53 49 65 20 4 191 F3 92 57 59 13 3 224

F4 1 1 12 1 1 16 F4 5 10 11 5 3 34

F5 0 0 0 0 0 0 F5 4 0 2 2 0 8

sum 887 141 102 23 6 1159 sum 867 137 102 23 6 1135

%FO 44 53 64 4 0 46 %FO 45 36 58 22 0 45

EU2 6{18 h forecasts EU2 18{30 h forecasts

O1 O2 O3 O4 O5 sum O1 O2 O3 O4 O5 sum

F1 380 21 4 0 0 405 F1 415 18 4 0 0 437

F2 422 59 21 1 0 503 F2 361 51 27 4 0 443

F3 82 58 71 19 2 232 F3 78 63 49 12 2 204

F4 3 3 6 2 4 18 F4 12 5 16 6 4 43

F5 0 0 0 1 0 1 F5 1 0 6 1 0 8

sum 887 141 102 23 6 1159 sum 867 137 102 23 6 1135

%FO 43 42 70 9 0 44 %FO 48 37 48 26 0 46

EU3 6{18 h forecasts EU3 18{30 h forecasts

O1 O2 O3 O4 O5 sum O1 O2 O3 O4 O5 sum

F1 418 18 1 0 0 437 F1 384 21 5 0 0 410

F2 408 64 21 0 0 493 F2 389 44 21 3 0 457

F3 57 55 66 18 1 197 F3 83 63 56 13 3 218

F4 4 4 13 5 5 31 F4 6 9 20 6 2 43

F5 0 0 1 0 0 1 F5 5 0 0 1 1 7

sum 887 141 102 23 6 1159 sum 867 137 102 23 6 1135

%FO 47 45 65 22 0 48 %FO 44 32 55 26 17 43
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Appendix A. Blacklists

For EU1, the blacklist is:

RADIOSONDES and PILOTS:

" 11010" " 11120" " 07690" " 11240" " 06400" " 06496" " 06060"

" 07137" " 07255" " 07503" " 10304" " 10437" " 10828" " 10962"

" 06242" " 03023" " 03130" " 03213" " 03377" " 03414" " 03590"

" 03693" " 03696" " 03743" " 11036" " 11105" " 11123" " 07112"

" 07453" " 07613" " 07614" " 07615" " 07616" " 07664" " 10393"

" 11394" " 10722" " 06348" " 01010" " 06792" " 03501" " 03608"

" 03807" " 03840" " 16087" " 16113" " 16121" " 06831" " 06832"

" 06833" " 06842" " 06843" " 06844" " 11036" " 11105" " 11123"

" 07112" " 07453" " 07613" " 07614" " 07615" " 07616" " 07664"

" 10393" " 11394" " 10722" " 06348" " 01010" " 06792" " 03501"

" 03608" " 03807" " 03840"

AMDARS:

" EU0088" " EU0123" " EU0143" " EU0175" " EU0201" " EU0204" " EU0221"

" EU0245" " EU0249" " EU0254" " EU0263" " EU0274" " EU0285" " EU0291"

" EU0300" " EU0312" " EU0332" " EU0341" " EU0347" " EU0354" " EU0357"

" EU0363" " EU0372" " EU0385" " EU0393" " EU0405" " EU0482" " EU0574"

" EU0720" " EU0807" " EU0934" " EU0947" " EU0961" " EU0985" " EU1002"

" EU1222" " EU1495" " EU1593" " EU1673" " EU1688" " EU1692" " EU2378"

" EU2399" " EU2547" " EU2578" " EU2590" " EU2618" " EU2630" " EU2634"

" EU2689" " EU2845" " EU2890" " EU2896" " EU2912" " EU2978" " EU2984"

" EU3056" " EU3268" " EU3321" " EU3654" " EU3684" " EU3689" " EU3908"

" EU4002" " EU4003" " EU4021" " EU4278" " EU4387" " EU4409" " EU4529"

" EU4587" " EU4656" " EU4838" " EU5098" " EU5167" " EU5182" " EU5349"

" EU5590" " EU5673" " EU6287" " EU6386" " EU6524" " EU6723" " EU6893"

" EU6923" " EU7082" " EU7285" " EU7521" " EU7634" " EU7865" " EU7866"

" EU8264" " EU8431" " EU8478" " EU8598" " EU8605" " EU8632" " EU8736"

" EU8789" " EU8891" " EU8943" " EU9023" " EU9356" " EU9378" " EU9589"

" EU9678" " EU9692" " EU9734" " EU9967" " EU0041" " EU0043" " EU0047"

" EU0050" " EU0052" " EU0059" " EU0061" " EU0106" " EU0154" " EU0158"

" EU0167" " EU0185"

For EU2, the blacklist is:

RADIOSONDES and PILOTS:

" 06447" " 06181" " 02836" " 07110" " 07145" " 07180" " 07481"

" 07761" " 10184" " 10200" " 10238" " 10410" " 10486" " 10548"

" 10618" " 10739" " 10771" " 10868" " 16716" " 16080" " 16144"

" 16245" " 16429" " 01384" " 01400" " 08023" " 08160" " 08221"

" 08430" " 02365" " 03005" " 03502" " 03882" " 03920" " 11010"

" 11120" " 07690" " 11240" " 06476" " 06400" " 06496" " 06060"

" 07137" " 07255" " 07503" " 10304" " 10437" " 10828" " 10962"

" 06242" " 03023" " 03130" " 03354" " 03213" " 03377" " 03414"

" 03590" " 03693" " 03696" " 03743" " 11036" " 11105" " 11123"

" 07112" " 07453" " 07613" " 07614" " 07615" " 07616" " 07664"

" 10393" " 11394" " 10722" " 06348" " 01010" " 02591" " 06792"

" 03501" " 03608" " 03807" " 03840" " 16087" " 16113" " 16121"

" 06831" " 06832" " 06833" " 06842" " 06843" " 06844" " 11036"
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" 11105" " 11123" " 07112" " 07453" " 07613" " 07614" " 07615"

" 07616" " 07664" " 10393" " 11394" " 10722" " 06348" " 01010"

" 06792" " 03501" " 03608" " 03807" " 03840"

AMDARS:

" EU0088" " EU0123" " EU0143" " EU0175" " EU0201" " EU0204" " EU0221"

" EU0245" " EU0249" " EU0254" " EU0263" " EU0274" " EU0285" " EU0291"

" EU0300" " EU0312" " EU0332" " EU0341" " EU0347" " EU0354" " EU0357"

" EU0363" " EU0372" " EU0385" " EU0393" " EU0405" " EU0482" " EU0574"

" EU0720" " EU0807" " EU0934" " EU0947" " EU0961" " EU0985" " EU1002"

" EU1222" " EU1495" " EU1593" " EU1673" " EU1688" " EU1692" " EU2378"

" EU2399" " EU2547" " EU2578" " EU2590" " EU2618" " EU2630" " EU2634"

" EU2689" " EU2845" " EU2890" " EU2896" " EU2912" " EU2978" " EU2984"

" EU3056" " EU3268" " EU3321" " EU3654" " EU3684" " EU3689" " EU3908"

" EU4002" " EU4003" " EU4021" " EU4278" " EU4387" " EU4409" " EU4529"

" EU4587" " EU4656" " EU4838" " EU5098" " EU5167" " EU5182" " EU5349"

" EU5590" " EU5673" " EU6287" " EU6386" " EU6524" " EU6723" " EU6893"

" EU6923" " EU7082" " EU7285" " EU7521" " EU7634" " EU7865" " EU7866"

" EU8264" " EU8431" " EU8478" " EU8598" " EU8605" " EU8632" " EU8736"

" EU8789" " EU8891" " EU8943" " EU9023" " EU9356" " EU9378" " EU9589"

" EU9678" " EU9692" " EU9734" " EU9967" " EU0041" " EU0043" " EU0047"

" EU0050" " EU0052" " EU0059" " EU0061" " EU0106" " EU0154" " EU0158"

" EU0167" " EU0185"

15



'$1,6+�0(7(252/2*,&$/�,167,787(

6FLHQWLILF�5HSRUWV

6FLHQWLILF UHSRUWV IURP WKH 'DQLVK 0HWHRURORJLFDO ,QVWLWXWH FRYHU D YDULHW\ RI JHRSK\VLFDO

ILHOGV� L�H� PHWHRURORJ\ �LQFOXGLQJ FOLPDWRORJ\�� RFHDQRJUDSK\� VXEMHFWV RQ DLU DQG VHD SROOXWL�

RQ� JHRPDJQHWLVP� VRODU�WHUUHVWULDO SK\VLFV� DQG SK\VLFV RI WKH PLGGOH DQG XSSHU DWPRVSKHUH�

5HSRUWV LQ WKH VHULHV ZLWKLQ WKH ODVW ILYH \HDUV�

1R� ����

3HWHU 6WDXQLQJ DQG 7�-� 5RVHQEHUJ�

+LJK�/DWLWXGH� GD\�WLPH DEVRUSWLRQ VSLNH HYHQWV

�� PRUSKRORJ\ DQG RFFXUUHQFH VWDWLVWLFV

1RW SXEOLVKHG

1R� ����

1LHOV /DUVHQ� 0RGHOOLQJ RI FKDQJHV LQ VWUDWRVSKH�

ULF R]RQH DQG RWKHU WUDFH JDVHV GXH WR WKH HPLVVLRQ

FKDQJHV � &(& (QYLURQPHQW 3URJUDP &RQWUDFW 1R�

(9�9�&7�������� &RQWULEXWLRQ WR WKH ILQDO UHSRUW

1R� ����

1LHOV /DUVHQ� %M¡UQ .QXGVHQ� 3DXO (ULNVHQ� ,E

6WHHQ 0LNNHOVHQ� 6LJQH %HFK $QGHUVHQ DQG

7RUEHQ 6WRFNIOHW -¡UJHQVHQ� ,QYHVWLJDWLRQV RI

R]RQH� DHURVROV� DQG FORXGV LQ WKH DUFWLF VWUDWRVSKH�

UH � &(& (QYLURQPHQW 3URJUDP &RQWUDFW 1R�

(9�9�&7�������� &RQWULEXWLRQ WR WKH ILQDO UHSRUW

1R� ����

3HU +¡HJ DQG 6WLJ 6\QGHUJDDUG� 6WXG\ RI WKH GH�

ULYDWLRQ RI DWPRVSKHULF SURSHUWLHV XVLQJ UDGLR�

RFFXOWDWLRQ WHFKQLTXH

1R� ����

;LDR�'LQJ <X� ;LDQJ�<X +XDQJ DQG /HLI /DXU�

VHQ DQG (ULN 5DVPXVVHQ� $SSOLFDWLRQ RI WKH +,5�

/$0 V\VWHP LQ &KLQD� KHDY\ UDLQ IRUHFDVW H[SHUL�

PHQWV LQ <DQJW]H 5LYHU 5HJLRQ

1R� ����

%HQW +DQVHQ 6DVV� $ QXPHULFDO IRUHFDVWLQJ V\VWHP

IRU WKH SUHGLFWLRQ RI VOLSSHU\ URDGV

1R� ����

3HU +¡HJ� 3URFHHGLQJ RI 856, ,QWHUQDWLRQDO &RQ�

IHUHQFH� :RUNLQJ *URXS $)*� &RSHQKDJHQ� -XQH

����� $WPRVSKHULF UHVHDUFK DQG DSSOLFDWLRQV XVLQJ

REVHUYDWLRQV EDVHG RQ WKH *36�*/21$66 6\VWHP

1RW SXEOLVKHG

1R� ����

-XOLH '� 3LHWU]DN� $ FRPSDULVRQ RI DGYHFWLRQ

VFKHPHV IRU RFHDQ PRGHOOLQJ

1R� ����

3RXO )ULFK �FR�RUGLQDWRU�� +� $OH[DQGHUVVRQ� -�

$VKFURIW� %� 'DKOVWU|P� *�5� 'HPDUpH� $� 'UHEV�

$�)�9� YDQ (QJHOHQ� (�-� )¡UODQG� ,� +DQVVHQ�

%DXHU� 5� +HLQR� 7� -yQVVRQ� .� -RQDVVRQ� /� .HH�

JDQ� 3��� 1RUGOL� 7� 6FKPLWK� 3� 6WHIIHQVHQ� +�

7XRPHQYLUWD� 2�(� 7YHLWR� 1RUWK $WODQWLF &OLPD�

WRORJLFDO 'DWDVHW �1$&' 9HUVLRQ �� � )LQDO UHSRUW

1R� ����

*HRUJ .M UJDDUG $QGUHDVHQ� 'DLO\ UHVSRQVH RI

KLJK�ODWLWXGH FXUUHQW V\VWHPV WR VRODU ZLQG YDULDWL�

RQV� DSSOLFDWLRQ RI UREXVW PXOWLSOH UHJUHVVLRQ� 0HW�

KRGV RQ *RGKDYQ PDJQHWRPHWHU GDWD

1R� ����

-DFRE :RJH 1LHOVHQ� .DUVWHQ %ROGLQJ .ULVWHQ�

VHQ� /RQQ\ +DQVHQ� ([WUHPH VHD OHYHO KLJKV� D

VWDWLVWLFDO WLGH JDXJH GDWD VWXG\

1R� ����

-HQV +HVVHOEMHUJ &KULVWHQVHQ� 2OH %¡VVLQJ &KUL�

VWHQVHQ� 3KLOLSSH /RSH]� (ULN YDQ 0HLMJDDUG� 0L�

FKDHO %RW]HW� 7KH +,5/$0� 5HJLRQDO $WPRVSKH�

ULF &OLPDWH 0RGHO

1R� ����

;LDQJ�<X +XDQJ� +RUL]RQWDO GLIIXVLRQ DQG ILOWH�

ULQJ LQ D PHVRVFDOH QXPHULFDO ZHDWKHU SUHGLFWLRQ

PRGHO

1R� ����

+HQULN 6YHQVPDUN DQG (LJLO )ULLV�&KULVWHQVHQ�

9DULDWLRQ RI FRVPLF UD\ IOX[ DQG JOREDO FORXG FRYH�

UDJH � D PLVVLQJ OLQN LQ VRODU�FOLPDWH UHODWLRQVKLSV

1R� ����

-HQV +DYVNRY 6¡UHQVHQ DQG &KULVWLDQ �GXP

-HQVHQ� $ FRPSXWHU V\VWHP IRU WKH PDQDJHPHQW RI

HSLGHPLRORJLFDO GDWD DQG SUHGLFWLRQ RI ULVN DQG H�

FRQRPLF FRQVHTXHQFHV GXULQJ RXWEUHDNV RI IRRW�

DQG�PRXWK GLVHDVH� &(& $,5 3URJUDPPH� &RQWUDFW

1R� $,5� � &7�������

1R� ����

-HQV +DYVNRY 6¡UHQVHQ� 4XDVL�DXWRPDWLF RI LQSXW

IRU /,1&20 DQG 5,038))� DQG RXWSXW FRQYHUVL�



RQ� &(& $,5 3URJUDPPH� &RQWUDFW 1R� $,5� �

&7�������

1R� ����

5DVKSDO 6� *LOO DQG +DQV +� 9DOHXU�

(YDOXDWLRQ RI WKH UDGDUVDW LPDJHU\ IRU WKH RSHUDWLR�

QDO PDSSLQJ RI VHD LFH DURXQG *UHHQODQG

1R� �����

-HQV +HVVHOEMHUJ &KULVWHQVHQ� %HQQHUW 0DFKHQ�

KDXHU� 5LFKDUG *� -RQHV� &KULVWRSK 6FKlU� 3DROR

0LFKHOH 5XWL� 0DQXHO &DVWUR DQG *XLGR 9LVFRQWL�

9DOLGDWLRQ RI SUHVHQW�GD\ UHJLRQDO FOLPDWH VLPXOD�

WLRQV RYHU (XURSH� /$0 VLPXODWLRQV ZLWK REVHUYHG

ERXQGDU\ FRQGLWLRQV

1R� �����

1LHOV /DUVHQ� %M¡UQ .QXGVHQ� 3DXO (ULNVHQ� ,E

6WHHQ 0LNNHOVHQ� 6LJQH %HFK $QGHUVHQ DQG

7RUEHQ 6WRFNIOHW -¡UJHQVHQ� (XURSHDQ 6WUD�

WRVSKHULF 0RQLWRULQJ 6WDWLRQV LQ WKH $UWLF� $Q

(XURSHDQ FRQWULEXWLRQ WR WKH 1HWZRUN IRU 'HWHFWLRQ

RI 6WUDWRVSKHULF &KDQJH �1'6&�� &(& (QYLURQ�

PHQW 3URJUDPPH &RQWUDFW (9�9�&7��������

'0, FRQWULEXWLRQ WR WKH ILQDO UHSRUW

1R� �����

1LHOV /DUVHQ� (IIHFWV RI KHWHURJHQHRXV FKHPLVWU\

RQ WKH FRPSRVLWLRQ RI WKH VWUDWRVSKHUH� &(& (Q�

YLURQPHQW 3URJUDPPH &RQWUDFW (9�9�&7���

����� '0, FRQWULEXWLRQ WR WKH ILQDO UHSRUW

1R� ����

(� )ULLV &KULVWHQVHQ RJ &� 6N¡WW� &RQWULEXWLRQV

IURP WKH ,QWHUQDWLRQDO 6FLHQFH 7HDP� 7KH �UVWHG

0LVVLRQ � D SUH�ODXQFK FRPSHQGLXP

1R� ����

$OL[ 5DVPXVVHQ� 6LVVL .LLOVKROP� -HQV +DYVNRY

6¡UHQVHQ� ,E 6WHHQ 0LNNHOVHQ� $QDO\VLV RI WUR�

SRVSKHULF R]RQH PHDVXUHPHQWV LQ *UHHQODQG� &RQ�

WUDFW 1R� (9�9�&7������� �'* �� '7((��

'0,¶V FRQWULEXWLRQ WR &(& )LQDO 5HSRUW $UFWLF

7URSKRVSKHULF 2]RQH &KHPLVWU\ $5&72&

1R� ����

3HWHU 7KHMOO� $ VHDUFK IRU HIIHFWV RI H[WHUQDO

HYHQWV RQ WHUUHVWULDO DWPRVSKHULF SUHVVXUH� FRVPLF

UD\V

1R� ����

3HWHU 7KHMOO� $ VHDUFK IRU HIIHFWV RI H[WHUQDO

HYHQWV RQ WHUUHVWULDO DWPRVSKHULF SUHVVXUH� VHFWRU

ERXQGDU\ FURVVLQJV

1R� ����

.QXG /DVVHQ� 7ZHQWLHWK FHQWXU\ UHWUHDW RI VHD�LFH

LQ WKH *UHHQODQG 6HD

1R� ����

1LHOV :RHWPDQ 1LHOVHQ� %MDUQH $PVWUXS� -HVV

8� -¡UJHQVHQ�

+,5/$0 ��� SDUDOOHO WHVWV DW '0,� VHQVLWLYLW\ WR

W\SH RI VFKHPHV IRU WXUEXOHQFH� PRLVW SURFHVVHV DQG

DGYHFWLRQ

1R� ����

3HU +¡HJ� *HRUJ %HUJHWRQ /DUVHQ� +DQV�+HQULN

%HQ]RQ� 6WLJ 6\QGHUJDDUG� 0HWWH 'DKO 0RUWHQ�

VHQ� 7KH *3626 SURMHFW

$OJRULWKP IXQFWLRQDO GHVLJQ DQG DQDO\VLV RI

LRQRVSKHUH� VWUDWRVSKHUH DQG WURSRVSKHUH REVHUYD�

WLRQV

1R� ����

0HWWH 'DKO 0RUWHQVHQ� 3HU +¡HJ�

6DWHOOLWH DWPRVSKHUH SURILOLQJ UHWULHYDO LQ D QRQOL�

QHDU WURSRVSKHUH

3UHYLRXVO\ HQWLWOHG� /LPLWDWLRQV LQGXFHG E\ 0XOWL�

SDWK

1R� ����

0HWWH 'DKO 0RUWHQVHQ� 3HU +¡HJ�

5HVROXWLRQ SURSHUWLHV LQ DWPRVSKHULF SURILOLQJ ZLWK

*36

1R� ����

5�6� *LOO DQG 0� .� 5RVHQJUHQ

(YDOXDWLRQ RI WKH 5DGDUVDW LPDJHU\ IRU WKH RSHUDWL�

RQDO PDSSLQJ RI VHD LFH DURXQG *UHHQODQG LQ ����

1R� ����

5�6� *LOO� +�+� 9DOHXU� 3� 1LHOVHQ DQG .�4�

+DQVHQ�8VLQJ (56 6$5 LPDJHV LQ WKH RSHUDWLRQDO

PDSSLQJ RI VHD LFH LQ WKH *UHHQODQG ZDWHUV� ILQDO

UHSRUW IRU (6$�(65,1¶V� SLORW SURMHNW QR�

33��33��'.� DQG �QG DQQRXQFHPHQW RI RSSRUWX�

QLW\ IRU WKH H[SORLWDWLRQ RI (56 GDWD SURMHNW 1R�

$2���'. ���

1R� ����

3HU +¡HJ HW DO�� *36 $WPRVSKHUH SURILOLQJ PHW�

KRGV DQG HUURU DVVHVVPHQWV

1R� ����

+� 6YHQVPDUN� 1� :RHWPDQQ 1LHOVHQ DQG $�0�

6HPSUHYLYD� /DUJH VFDOH VRIW DQG KDUG WXUEXOHQW

VWDWHV RI WKH DWPRVSKHUH

1R� ����

3KLOLSSH /RSH]� (LJLO .DDV DQG $QQHWWH *XOG�

EHUJ� 7KH IXOO SDUWLFOH�LQ�FHOO DGYHFWLRQ VFKHPH LQ

VSKHULFDO JHRPHWU\

1R� �����

+� 6YHQVPDUN� ,QIOXHQFH RI FRVPLF UD\V RQ HDUWK¶V

FOLPDWH



1R� �����

3HWHU 7KHMOO DQG +HQULN 6YHQVPDUN� 1RWHV RQ

WKH PHWKRG RI QRUPDOL]HG PXOWLYDULDWH UHJUHVVLRQ

1R� �����

.� /DVVHQ� ([WHQW RI VHD LFH LQ WKH *UHHQODQG 6HD

���������� DQ H[WHQVLRQ RI '0, 6FLHQWLILF 5HSRUW

����

1R� �����

1LHOV /DUVHQ� $OEHUWR $GULDQL DQG *XLGR 'L�

'RQIUDQFHVFR� 0LFURSK\VLFDO DQDO\VLV RI SRODU

VWUDWRVSKHULF FORXGV REVHUYHG E\ OLGDU DW 0F0XUGR�

$QWDUFWLFD

1R������

0HWWH 'DKO 0RUWHQVHQ� 7KH EDFN�SURSDJDWLRQ

PHWKRG IRU LQYHUVLRQ RI UDGLR RFFXOWDWLRQ GDWD

1R� �����

;LDQJ�<X +XDQJ� 9DULDWLRQDO DQDO\VLV XVLQJ

VSDWLDO ILOWHUV

1R� ����

+HQULN )HGGHUVHQ� 3URMHFW RQ SUHGLFWLRQ RI FOL�

PDWH YDULDWLRQV RQ VHDVRQHO WR LQWHUDQQXDO WLPH�

VFDOHV �3529267� (8 FRQWUDFW (19$��&7���

����� '0, FRQWULEXWLRQ WR WKH ILQDO UH�

SRUW�6WDWLVWLFDO DQDO\VLV DQG SRVW�SURFHVVLQJ RI

XQFRXSOHG 3529267 VLPXODWLRQV

1R� ����

:LOKHOP 0D\� $ WLPH�VOLFH H[SHULPHQW ZLWK WKH

(&+$0� $�*&0 DW KLJK UHVROXWLRQ� WKH H[SH�

ULPHQWDO GHVLJQ DQG WKH DVVHVVPHQW RI FOLPDWH

FKDQJH DV FRPSDUHG WR D JUHHQKRXVH JDV H[SHUL�

PHQW ZLWK (&+$0��23<& DW ORZ UHVROXWLRQ

1R� ����

1LHOV /DUVHQ HW DO�� (XURSHDQ VWUDWRVSKHULF PR�

QLWRULQJ VWDWLRQV LQ WKH $UWLF ,,� &(& (QYLURQPHQW

DQG &OLPDWH 3URJUDPPH &RQWUDFW (19��&7���

����� '0, &RQWULEXWLRQV WR WKH SURMHFW

1R� ����

$OH[DQGHU %DNODQRY� 3DUDPHWHULVDWLRQ RI WKH

GHSRVLWLRQ SURFHVVHV DQG UDGLRDFWLYH GHFD\� D UH�

YLHZ DQG VRPH SUHOLPLQDU\ UHVXOWV ZLWK WKH

'(50$ PRGHO

1R� ����

0HWWH 'DKO 0RUWHQVHQ� 1RQ�OLQHDU KLJK UHVROX�

WLRQ LQYHUVLRQ RI UDGLR RFFXOWDWLRQ GDWD

1R� ����

6WLJ 6\QGHUJDDUG� 5HWULHYDO DQDO\VLV DQG PHWKR�

GRORJLHV LQ DWPRVSKHULF OLPE VRXQGLQJ XVLQJ WKH

*166 UDGLR RFFXOWDWLRQ WHFKQLTXH

1R� ����

-XQ 6KH� -DFRE :RJH 1LHOVHQ� 2SHUDWLRQDO ZD�

YH IRUHFDVWV RYHU WKH %DOWLF DQG 1RUWK 6HD

1R� ����

+HQULN )HGGHUVHQ� 0RQWKO\ WHPSHUDWXUH IR�

UHFDVWV IRU 'HQPDUN � VWDWLVWLFDO RU G\QDPLFDO"

1R� ����

3� 7KHMOO� .� /DVVHQ� 6RODU IRUFLQJ RI WKH

1RUWKHUQ KHPLVSKHUH DLU WHPSHUDWXUH� QHZ GDWD

1R� �����

7RUEHQ 6WRFNIOHW -¡UJHQVHQ� $NVHO :DOO¡H

+DQVHQ� &RPPHQW RQ ³9DULDWLRQ RI FRVPLF UD\

IOX[ DQG JOREDO FRYHUDJH � D PLVVLQJ OLQN LQ VRODU�

FOLPDWH UHODWLRQVKLSV´ E\ +HQULN 6YHQVPDUN DQG

(LJLO )ULLV�&KULVWHQVHQ

1R� �����

0HWWH 'DKO 0HLQFNH� ,QYHUVLRQ PHWKRGV IRU DW�

PRVSKHULF SURILOLQJ ZLWK *36 RFFXOWDWLRQV

1R� �����

%HQ]RQ� +DQV�+HQULN� 2OVHQ� /DXVW� 6LPXODWL�

RQV RI FXUUHQW GHQVLW\ PHDVXUHPHQWV ZLWK D )DUD�

GD\ &XUUHQW 0HWHU DQG D PDJQHWRPHWHU

1R� �����

+¡HJ� 3�� /HSSHOPHLHU� *� $&(� $WPRVSKHUH

&OLPDWH ([SHULPHQW� SURSRVHUV RI WKH PLVVLRQ

1R� �����

+¡HJ� 3�� )$&(�,7� )LHOG�$OLJQHG &XUUHQW ([SH�

ULPHQW LQ WKH ,RQRVSKHUH DQG 7KHUPRVSKHUH

1R� �����

$OODQ *URVV� 6XUIDFH R]RQH DQG WURSRVSKHULF

FKHPLVWU\ ZLWK DSSOLFDWLRQV WR UHJLRQDO DLU TXDOLW\

PRGHOLQJ� 3K' WKHVLV

1R� �����

+HQULN 9HGHO� &RQYHUVLRQ RI :*6�� JHRPHWULF

KHLJKWV WR 1:3 PRGHO +,5/$0 JHRSRWHQWLDO

KHLJKWV

1R� �����

-pU{PH &KHQHYH]� $GYHFWLRQ H[SHULPHQWV ZLWK

'0,�+LUODP�7UDFHU

1R� �����

1LHOV /DUVHQ� 3RODU VWUDWRVSKHULF FORXGV PLFUR�

SK\VLFDO DQG RSWLFDO PRGHOV

1R� �����

$OL[ 5DVPXVVHQ� -HQV +DYVNRY 6¡UHQVHQ� 1LHOV

:RHWPDQQ 1LHOVHQ DQG %MDUQH $PVWUXS�

8QFHUWDLQW\ RI PHWHRURORJLFDO SDUDPHWHUV IURP

'0,�+,5/$0� 52'26�:*��71������� (8�

&RQWUDFW ),�3�&7�������



1R� �����

$�/� 0RUR]RYD� 6RODU DFWLYLW\ DQG (DUWK¶V ZHD�

WKHU� (IIHFW RI WKH IRUFHG DWPRVSKHULF WUDQVSDUHQ�

F\ FKDQJHV RQ WKH WURSRVSKHUH WHPSHUDWXUH SURILOH

VWXGLHG ZLWK DWPRVSKHULF PRGHOV

1R� �����

1LHOV /DUVHQ� %M¡UQ 0� .QXGVHQ� 0LFKDHO

*DXVV� *LRYDQQL 3LWDUL� (IIHFWV IURP KLJK�VSHHG

FLYLO WUDIILF DLUFUDIW HPLVVLRQV RQ SRODU VWUDWRVSKH�

ULF FORXGV

1R� �����

6¡UHQ $QGHUVHQ� (YDOXDWLRQ RI 660�, VHD LFH DO�

JRULWKPV IRU XVH LQ WKH 6$) RQ RFHDQ DQG VHD LFH�

-XO\ ����

�,Q 3UHVV�

1R� �����

&ODXV 3HWHUVHQ� 1LHOV :RHWPDQQ 1LHOVHQ�

'LDJQRVLV RI YLVLELOLW\ LQ '0,�+,5/$0

1R� �����

(ULN %XFK� $ PRQRJUDSK RQ WKH SK\VLFDO RFHD�

QRJUDSK\ RI WKH *UHHQODQG ZDWHUV

�,Q 3UHVV�

1R� �����

0LFKDHO 6WHIIHQVHQ� 6WDELOLW\ ,QGLFHV DV ,QGLFD�

WRUV RI /LJKWQLQJ DQG 7KXQGHU�

1R� �����

%MDUQH $PVWUXS� .ULVWLDQ 6� 0RJHQVHQ DQG

;LDQJ�<X +XDQJ� 8VH RI *36 REVHUYDWLRQV LQ

DQ RSWLPXP LQWHUSRODWLRQ EDVHG GDWD DVVLPLODWLRQ

V\VWHP�

1R� �����

0DGV +YLG 1LHOVHQ� '\QDPLVN EHVNULYHOVH RJ

K\GURJUDILVN NODVVLILNDWLRQ DI GHQ M\VNH N\VW�

VWU¡P�

1R� �����

.ULVWLDQ 6� 0RJHQVHQ� -HVV 8� -¡UJHQVHQ�

%MDUQH $PVWUXS� ;LDRKXD <DQJ DQG ;LDQJ�<X

+XDQJ� 7RZDUGV DQ RSHUDWLRQDO LPSOHPHQWDWLRQ

RI +,5/$0 �'�9$5 DW '0,�

1R� �����

.DL 6DWWOHU DQG ;LDQJ�<X +XDQJ� 6WUXFWXUH

)XQFWLRQ &KDUDFWHULVWLFV IRU � PHWHU 7HPSHUDWXUH

DQG 5HODWLYH +XPLGLW\ LQ 'LIIHUHQW +RUL]RQWDO

5HVROXWLRQV�

1R� �����

1LHOV /DUVHQ� ,E 6WHQ 0LNNHOVHQ� %M¡UQ 0�

.QXGVHQ� .� 0DXHUVEHUJHU� -� 6FKUHLQHU� &�

9RLJW� $� .RKOPDQQ� -� 2YDUOH]� +� 2YDUOH]� -�

&UHVSLQ� %� *DXELFKHU� $� $GULDQL� )� &DLUR� )�

&DUGLOOR� *� 'L 'RQIUDQFHVFR� 5� 0RUELGLQL� /�

3XOYLUHQWL� 0� 9LWHUELQL� &� 'DYLG� 6� %HNNL� *�

0pJLH� &� )OHVLD� $� 6WDUNRY� 7� 'HVKOHU� &�

.U|JHU� -� 5RVHQ DQG 1� .MRPH� ,Q�VLWX DQDO\VLV

RI DHURVROV DQG JDVHV LQ WKH SRODU VWUDWRVSKHUH � $

FRQWULEXWLRQ WR 7+(6(2� (QYLURQPHQW DQG &OL�

PDWH 5HVHDUFK 3URJUDPPH� &RQWUDFW 1R (19��

&7�������� )LQDO 5HSRUW�

1R� �����

%MDUQH $PVWUXS� (8&26 REVHUYLQJ V\VWHP H[�

SHULPHQWV ZLWK WKH '0,�+,5/$0 2SWLPXP ,Q�

WHUSRODWLRQ DQDO\VLV DQG IRUHFDVWLQJ V\VWHP�


