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Determinants of efficiency and productivity of commercial banks in North
Africa

Abstract

The objective of this note is to measure the efficiency and productivity of the
commercial banks of North African countries using the DEA method for 29
commercial banks distributed over Algeria, Tunisia and Morocco during the period
2017-2017 and to study the degree of impact of banking determinants on the
performance of banks. We found that the technical efficiency levels of the study
sample banks far exceeded the average (Algeria by 89%, Tunisia by 78% and
Morocco by 96%) and the efficiency ratio of each country varies due to the different
financial system and economic conditions. Some banks Has a very high level of
efficiency and productivity due to the dominance of public banks with large assets on
the banking system.

The ratio of loans to assets does not affect the technical efficiency of the Algerian,
Tunisian and Moroccan banks, while the capital adequacy ratio affects them
negatively. The profitability ratio is positively affected by the ratio of liquidity,
negative capital ratio and ratio of loans to assets .

Keywords: Performance, Banking Efficiency, Technical Efficiency, Malmquist, Data
Envelopment Analysis.
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Resuwits from DEAF Version 2.1

nstruction file = eg2-ins.tat
\Dats file = gg2-diz txt

Quiput orientated DEA
Scale assumption: VRS

Slacks calculated using multi-stags method

EFFICIENCY SUMMARY:
firm crate vrste scale

1.000 1.000 1.000 -

0879 0.882 0.957 irs
0.8584 0.585 0.999 irs
1.000 1.000 1.000 -

0.713 0.718 0.993 drs
0.509 1.000 0.909 irs
0.8583 1.000 0.893 irs
0703 0718 0.979 irs
0.654 0.703 0.931 drs
10 1.000 1.000 1.000 -

W0 ok B R o=

mean 0.864 0.891 0.970
pote: crste = technical efficiency from CRS DEA

vrste = technical efficiency from VRS DEA
=zcale = scale efficiency = crate/vrste

Mote alzo that all subsequent tables refer fo VRS results

SUMMARY OF QUTPUT SLACKS:

firm output: 7

SOW D0k W
=1
=}
=}
=}

mean

firm input: 1 2
7 o000 o.o00
2 o000 0.000
3 o000 o000
4 0.000 0.000
5 1286072.282 0.000
] oo QLoog
i o000 o.o00
8 o000 o.o00
=] 13060944 7124 0.000
10 a.000 o000
mean 1435701.641 o.000

SUMMARY OF PEERS:

firm peers:

i 1

2 1 4 7
3 10017
4 4

5 1 10
& &
FoT

& 10 1 7
g 1 10
10 10

SUMMARY OF PEER WEIGHTS:
(in =ame order as above)

firm peer weights:
1 1.000
2 0.5100.230 0.260
3 0482036850172
4 1.000
5 00860914
& 1.000
7 1.000
& 0.3530.080 0.588
9 008308917
10 1.000

PEER COUNT SUMMARY:
{i.e., no. times each firm is a peer for another)

firm peer count:

S0 G =
P I I =]

SUMMARY QF QUTPUT TARGETS:

SUMMARY OF INPUT TARGETS:

firm input: 1 2

1 21791299, 00 rreeemrrrst
2 15250245 0=

3 10453852 Qg

4 17247595, ppgrerrreerrs:

5 6546389, 71 gremerrmr:

6 2189364, Qpg e

7 766990.00058360415.000
8 3553182, 0pprrrrrrr:

9 6491229, g7grrorrrIT:

0 5105236.00040695662.000

FIRM BY FIRM RESULTS:

Results for firm: 2
Technical efficiency = 0.852

Scale efficiency = 0997 (irs)
FROJECTION SUMMARY:
variable original  radial slack  projected

value  movemsnt movement  valug
oufput 1 1555443926.000 208921683.463  0.0001764365615.469
input 1 15260245.000 0.000 0.000 15280245.000
input 2 1636184106.000  0.000  0.0001656184106.000
LISTING OF PEERS:
peer lambdz weight
1 0510
40230
70260

Results for firm: 3
Technical efficiency = 0.885

Fesults for firm: 1 Scale efficiency = 0999 (irs)
firm output: 1 [rechnical efficiency = 1.000 PROJECTION SUMMARY. )
1 P Frale efficiency = 1.000 (crs) variable origing! radial slack  projected
) PROJECTION SUMMARY: value  movemsnt movement  valug
2 J— variable original radial slack  projected output 1 B01810590.000 103900434.253 0.000 805711024.253
p P value  movement  movement value input 1 10453852000 0000  0.000 10453852.000
5 output 1 2382358232.000 0.000 0.0002382358232.000 input 2 779872053.000 0.000 0.000 779872053.000
& input 1 21791299.000 0.000 0.000 217912599.000 LISTING OF PEERS:
input 2 2055463373.000  0.000  0.0002055463373.000 pesr lambda neight
7 60578660.000 LISTING OF PEERS: 0 0460
g peer lambda weight 1 0365
To1.000 7017
10 53720840000
Results for firm: 4 ?:;:;ﬁi:?;;zemf:mm Results for firm: 8
i ¥ = Scale effi y  =0.809 (irs) . e =
Technical gﬁ‘?crenq 1.000 ;;;JEE éﬂfg;fswmm ir Technical efficiency = 0.703
Scale efficiency  =1.000 (crs) verisble  criginsl  radial  siack projected Scale efficiency  =0.931 (drs)
. val Vi t /i it va ! .
PROJECTION SQHAFAA.HY. ) cutost 1 25‘;5‘;:977”;3‘;‘”9” o m’;’mem;"mo 25;;:977 200 FHQJECTJO.‘JSQF{FJA.RY. )
variable origingl  radial slack  projected input 1 2189364.000 0.000 0000 2189364.000 variable original  radisl  slack  projected
velue  movement movement  value o e e 170000 0000 0.000295627170,000 valug  movement movement  value
output 1 2320540740.000 0.000 0.0002320540740.000 pesr lambds weight output 1 173693619.000 73450548.505  0.000 247144367505
input 1 17247585.000 0.000 0.000 17247595.000 6 1o input 1 19552174000  0.000-13060944.124 6491229.876
input 2 2577992005.000 0.000 0.0002577592005.000 R . input 2 206046243000  0.000  0.000 208045243.000
. esults for firm .
LISTING CF PEERS Technicat efficiency = 1,000 LISTING OF PEERS:
peer lambdz weight iC;gJeEﬁéc;{eoanySU;E! ff?y(m peer lambda weight
4 1.000 variable ‘ original radial siack projected 1 0.083
value  movement — movement valus 10 0917
output 1 60579660000 0.000 0.000 60579660.000
t 1 768990.000 0.000 0.000 7589%0.000
Results for firm: 5 :zﬁ:r 2 58360415.000 0.000 0.000 58360415.000
Technical efficiency = 0.718 ﬁ;'ﬁn?;,:iiﬁ} Results for firm: 10
Scale efficiency  =0.993 (drs) 7 1000 Technical efficiency = 1.000
PROJECTION SUMMARY: Scale efficiency = 1.000 fcrs)
variable original  radisl  slack projected Resuits for firm. & PROJECTION SUMMARY:
Technical efficiency = 0.719 X o .
vale  movement  movement valug Scale efficiency = 0.979 (irs) varizble origingl  radisl  slack  projectsd
outout 1 183078054.000 71764191121 0.000 254842245121 PROJECTION SUMMARY. ) velue  movement movement  value
N igina! radial siack  projected
input 1 T842462.000 0.000 -1296072.262 £546369.718 value movement movement  value output 1 D3720840.000 0000  Q.000 53720840.000
input 2 214708548000  0.000  0.000 214708548.000 e il o A AR Rt it 1 5105236000 0000  0.000 5105236000
LISTING OF PEERS: input 2 171374623000  0.000  0.000 171374623.000 input 2 40695662000  0.000  0.000 40695662000
pesr lambaa weight e o morant LISTING OF PEERS:
1 008 ff U0.036503 peer lambda weight
10 0914 7 Oses 10 1.000
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esults from DEAP Version 2.1 SUMMARY OF OUTEUT SLACKS: SUMMARY OF PEER WETGHTS:
. . R {in same order as above)
Instruction file = egz-ins.txt firm output: B firm peer weights:
i = - i 0. 000 ' :
pata file = eg2-dta. txt > o.ooo 1 0.321 0.669
: = 0. 000 2 1.000
output orientated DEA + 0. 000 3 0.703 0.153 0.144
5 0. 000 4 0.603 0.204 0.193
A s 0. 000 5  0.263 0.121 0.615
Scale assumption: VRS - O. DDD &  1.000
8 0. 000 7 1.000
: i 5 0. 000 5 1.000
Slacks calculated using multi-stage method 10 o hon 5 5 Eae o.asa
10  0.365 0.63%
mean o.000
EFFICIENCY SUMMARY:
PEER COUNT SUMMARY!:
N SUMMARY OF INPUT SLACKS: ({i.e., no. times each firm is a peer for another)
Tirm crste vrste scale 4 _ - 4
irm  Input: firm peer count:
1 0.000 153758. 316
1 0.404 0.649 0.622 drs = o 000 o.ooo H 2
2 1.000 1.000 1.000 - i g-ggg g-ggg 3 o
3 0.884 0.994 0.89%0 drs = o.ooo o.ooo ; 3
4 0.450 0,330 0,850 drs & 0. 000 0. 000 H H
5 0.846 0,977 0.865 drs ; g.ggg g.ggg s 3
& 1.000 1.000 - EY s50. 684 0. 000 b 1
7 1.000 1.000 - 10 49825 . 205 0. 000 13 g
8 1,000 0.897 drs
9 0.609 0,894 irs mean 5037 .659 15975. 832
10 0.132 0.816 irs
SUMMARY OF PEERS: SUMMARY OF QUTPUT TARGETS:
mean 0.713 0.789 0.883 Firm peers: firm output: 1
1 7 s 1 869883.018
ote: crste = technical efficiency from CRS DEA z z g
vrste = technical efficiency from VRS DEA H H H H
scale = scale efficiency = crstefvrste s S & 5
s s e
8 3 &
ote also that all subsequent tables refer to VRS results a = 3 9
1o E s 10
. Fesults for firm: 2
SUMMARY OF INPUT TARGETS: [rechnical efficiency = 1.000
. . IScale efficiency = 1.000 (crs)
firm input: 1 4 FROJECTION SUMMARY:
1 &539, 000 385855, 684 variable original radial slack projected
value movement movement wvalue
2 5208.000 185316.000 output 1 553132, 000 0.000 0.000 653132, 000
E] 3749.000 214242.000 input 1 5208.000 0.000 0.000 5208.000
4 3255.000 223837.000 input 2 185316.000 0.000 0.000 185316.000
LISTING OF PEERS:
5 1624.000 163840.000 peer  lambda weight
& E07.000 96509, 000 z 1.000
7 81.000 458395.000
8 9738.000 349923.000 kesults for firm: 3
] 1232.316 110211.000 [fechnical efficiency = 0.9394
10 2222.095 128909.000 scale efficiency = 0.8%0 (drs)
FROJECTION SUMMARY:
variable original radial slack projected
value movement movement valu
output 1 547545.000 3459.908 0.000 551004.908
. input 1 3749.000 0.000 0.000 3749.000
FIRM BY FIRM RESULTS: input 214242.000 0.000 0.000 214242.000
LISTING OF PEERS
peer Tambda weight
esults for firm: 1 H oies
[echnical efficiency = 0.642 & 0.144
fcale efficiency = 0.822 (drs)
PROJECTION SUMMARY: o . . kesults for 1 4
variable original radial slack projected frechnical eff1c1ency = 0.530
value movement movement value Ss;:}?é;;é?;ﬂﬁﬁmv- = 0.850 (drs)
output 1 564175.000 305708.018 0.000 869883.018 variable ' original radial s1ack projected
input 1 6539.000 0.000 0.000 6539.000 value movement movement valu
input 2 545614.000 0.000 -153758.316 3BEBEL.6E4 outpgt i 27;2?;-888 24267 g-ggg 51‘3’:3??-338
. inpu . . .
LISTING OF PEERSI' - input 223837.000 0.000 223837.000
peer Tambda weight LISTING OF PEERS
7 0.331 peer Tambda weight
2 0.603
8 0.669 H Er
3 0.193
pesults for firm: Results for fi
[fechnical efficiency Technical effi C'I Ency
lscale efficiency 0.865 {drsl Scale efficiency {drs)
PROJECTION SUMMARY: FROJECTION SUMMARY:
variable original radial slack projected variable original radial slack projected
value movement movement value value movement movement value
output 1 341333.000 7912.399 0.000 343246.329 | output 1 000 0.000  1101067.000
input 1 1694.000 0.000 0.000 1694.000 | input 0.000 0.000 9738.000
input 163840. 000 0.000 0.000 163840.000 | input 2 349923 000 0.000 0.000 349923.000
LISTING OF F'EERS. LISTING OF PEERS:
peer Tambda weight peer lambda weight
2 0.263 2 1.000
7 0.121
3 0.615
Results for firm:
Technical efficiency = 0.609
Results for firm: Scale efficiency 0.824 (irs)
[fechnical efficiency 1.000 PROJECTION SUMMARY:
fcale efficiency 1.000 (crs) variable original radial slack projected
PROJECTION SUMMARY: value moVement movement value
variable original radial slack projected output 1 168615.000 108422.837 0.000 277037.837
value mOVement moVement value | input 1 1783.000 0.000 -550.684 1232.316
output 1 203424 000 0.000 0.000 208424.000 | input 110211.000 0.000 0.000 110211.000
input 1 .00 0.000 0.000 507.000 | LISTING OF F'EERS'
input 965!39 o000 0.000 0.000 96509. 000 peer Tambda weight
LISTING OF F'EERS. 3 0.846
peer Tambda weight 2 0.154
3 1.000
Results for firm: 10
Results for firm: 7 Technical efficiency = D.132
[fechnical efficiency 1.000 scale efficiency = 0.816 (irs)
fcale efficiency = 1.000 (crs) PROJECTION SUMMARY:
PROJECTION SUMMARY: variable original radial slack projected
variable original radial slack projected value movement 'nove'nent valu
value mowvement mowvement value | output 1 48870.000 321793.535 370663.535
output 1 403179, 000 0.000 0.000 403179, 000 input 1 52048.000 0.000 —49325 905 2222.095
input 1 81.000 0. 000 0. 000 81.000 | input 2 128309.000 0.000 0.000 128909. 000
input 458395, 000 0.000 0. 000 458395 ooo LISTING OF PEERS:
LISTING OF F'EERS. peer Tambda weight
peer Tambda weight 2 0.365
7 1.000 3 0.635
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Results from DEAP Version 2.1

Instruction file = eg2-ins.txt
pata file = gg2-dta. txt

Qutput orientated DEA
Scale assumption: VRS

Slacks calculated using multi-stage method

EFFICIENCY SUMMARY:

SUMMARY OF OUTPUT SLACKS:

firm output:

T LT o
o
o
=]
=]

mean 0. 000

SUMMARY OF INPUT SLACKS:

SUMMARY OF PEER WEIGHTS:
(in same order as above)

firm peer weights:

1 1.00

2 1.000

3 0.353 0.647

4 1.000

5 1.000

6 0.906 0.09%

7 0.204 0.787 0.009
8 1.000

9 0.127 0.795 0.078

PEER COUNT SUMMARY:

(i.e., no. times each firm is a peer for another)
firm crste vrste scale firm input: 1 N .
1 o.000 o.000 f1;'n peer4count.
7 7 2 0.000 0.000
1 0.975 1.000 0.975 drs H 2132500222 9.000 : o
2 1.000 1.009 1.009 - 3 0. 000 0. 000 H 3
3 0.898 0.337 0.957 drs 5 0 0. 000 c 2
4 1.000 1.000 1.000 - & 3931897.522 0.000 & o
5 1.000 1.000 1.000 - : oo o:oes 7 0
. . - 4oy 8 0. 000 0. 000 .
6 0.883 0.304 0.977 drs 9 0.000 0.000 H H
7 0.910 0.912 0.998 drs -84933.699 5. 000
8 1,000 1.000 1.000 - mean ’ . .
9 0.952 0.962 0.990 drs
SUMMARY OF PEERS: SUMMARY OF OUTPUT TARGETS:
mean 0.958 0,969 0.988 firm peers: firm output:
1 1 EEREEREELLL
Note: crste = technical efficiency from (RS DEA 2 2 § sreseamesass
: e 3 : 1 smraansssaas
vrste = techinical efficiency from VRS DEA 3 i H P
scale = scale efficiency = crste/vrste 5 5 5 5796610, 000
6 4 1 6
7 8 4 1 7
Note also that all subsequent tables refer to VRS results 3 : 4 4 H FErT i
SUMMARY OF INPUT TARGETS: kesults for firm:
N - . [Technical efficiency = 0.937
hrI' input: 5550721 Dné.m.m.m.m 2 Scale efficiency = 0.957 (drs)
> 0. 000 PROJECTION SUMMARY: o . .
3 4170294.3227 e variable original radial slack projected
4 1641223, 00049463415 . 000 value _ movement movement . value
5 11335.000 49614332.000 output 1 281009339.000 18762790.034 0.000 299772123.034
& 2010355, 47879719632 ., 000 input 1 7302800, 000 0.000 -3132505.773 4170294.227
7 1342597 .00044217551. 000 input 2  256725503.000 0.000 0.000 256725503.000
= 8525.000 9646265.000 LISTING OF PEERS!
3 1737203.00069299996. 000 peer Tambda weight
4 0.353
1 0.847
FIRM BY FIRM RESULTS:
Fesults for Tirm: 4
Results for Firm: 1 [Technical efficiency = 1.000
: S Scale efficiency = o {crs)
Tenmeal srhoene S0 FRoseCTIon Somany:  1° ,
PROJECTION SUMMARY: variable original radial slack projected
variable original radial slack projected __wvalue mavement mavement __ wvalue
value movement movement value | QUTPUT 1 60789795 . 000 0.000 0.000 60789795.000
output 1 430214328, 000 0.000 0.000 430214328.000 | TNpUT 1 1641223.000 0.000 0.000 1641223.000
input 1 5550721.000 0.000 0.000 5550721.000 | input 2 49469415.000 0.000 0.000 49469415.000
input 2 369850768.000 0.000 0.000 369850768.000 | LISTING OF PEERS:
LISTING OF PEERS: peer Tambda weight
peer lambda weight 4 1.000
1 1.000
fesuits For Firm 2 Fesults for firm: 5
t Trm: [Technical efficiency = 1.000
Technical efficiency = 1.000 scale efficiency = 1.000 (crs)
scale efficiency = 1.000 (crs) PROJECTION SUMMARY:
PROJECTION SUMMARY: variable original radial slack rojected
variable original radial slack projected g proj
value mowvement movement value
value movement movement value - -
output 1 230295921.000 0.000 0.000 230295921.000 | QUEPLT 1 57536510, 000 0.000 0.000  5735610.000
Fnput 1 0. 000 a.o00 0. 000 o.o0o | input 1 11335.000 0.000 0.000 11335.000
input 273306823. 000 0.000 0.000 273306823.000 | TNpUt 2 4961493.000 0.000 0.000 4961493.000
LISTING OF PEER LISTING OF PEERS:
peer lambda weight peer Tambda weight
2 1.000 =3 1.000
Results for firm: &
[Technical efficiency = 0.904
Iscale efficiency = 0.9 {drs)
PROJECTION SUMMARY: .
variable original radial slack projected ] f f '
value movement movement value Resu ts Ur llr'n' 9
output 1 B86525494.000 9145145,917 0.000 95670633.917 . L
input 1 5942253.000 0.000 -3931897.522 2010355.478 TEChmca] Eff]ﬂ&ﬂcy = 0,962
input 2 79719632.000 0,000 0.000 79719632.000 .
LISTING OF PEERS: -
poer Sinbas weton: scale efficiency  =0.990 (drs)
4 0.906
'
i ooss PROJECTION SUMMARY:
hesutes for firm: 7 variable original radial slack  projected
[Technical efficiency = 0.912
Iscale efficienc = 0.998 drs ] ]
RoSEeTTON SimaRy: tars) value movenment mavenent valle
variable original radial slack projected
_velue  movement  movemenz - vaive | QUEQUT 1 B0D49649,000  3134890.064 0.000 §3184539,084
output 1 49251749.000 4726201357 0.000 53977950.357 | |
input 1 1342997.000 0,000 0.000 1342997.000 717 717
input 2 44217551.000 0,000 0.000 44217551.000 .lnput 1 11"31"203-000 UuUUU 0:000 1| 203:000
LISTING OF PEERS: .
pesr  Tambda weight nput 2 £9299996.000 0.000 0.000 £329339%,000
4 0.787 '
1 oloos LISTING OF PEERS:
Tand v
Results for firm: 8 DEEI' a"n all.'ellg t
[Technical efficiency = 1.000 -
Iscale efficiency = 1.000 (crs) E 0,12,’
PROJECTION SUMMARY:
variable original radial slack projected 4 U 795
value movement movement value L
output 1 11167748. 000 0.000 11167748.000 -
input 1 8525.000 0.000 0.000 8525.000 1 UIUI-’H
input 2 9646265 . 000 0.000 0.000  9646265.000
LISTING OF PEERS:
peer Tambda weight
8 1.000
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Results from DEAF Version Z.1

year = 3
Instruction file = egz-ins.txt ) .
Data file = egz-dta. txt firm crs te rel to tech in yr Vrs
no. E 14 t 19 te
Output orientated Malmquist DEA t-1 t t+1
DISTANCES SUMMARY 10,983 1,000 L.03¢ 1,000
2 0.838 0,850 0.854 0.861
3 0.823 0.828 0.802 0.873
year = 1 4 1.008 1.000 1.114 1.000
) - 5 0.754 0.728 0.632 0.857
firm crs terel rotech inyr Ve € 0.9 0.9% 1,108 1,000
t-1 t t+1 7 1.058 1.000 0.954 1.000
g 0.656 0.623 0.557 0.712
% g-ggg é-ggg é-ggé é-ggg 9 0.643 0.653 0,588 0.782
3 0. 000 0. 882 0. 918 0. 885 10 0,946 1.000 0.915 1.000
4 0.000 1.000 1.064 1.000
5 0.000 0.713 0.695 0.718 mean 0. 870 0. 867 0,855 0.30%
6 0.000 0.309 0.938 1.000
7 0.000 0.893 0.930 1.000 year = 4
g 0.000 0.702 0.692 0.719
9 0.000 0.654 0.617 0.702 . .
10 0. 000 1.000 0.928 1.000 firm crs te rel to tech inyr vrs
nol T t 19 te
mean 0.000 0. 864 0.876 0.891 t-1 t T+
year = z 1 1028 1000  0.000  1.000
firm crs te rel to tech in ¥ Vs z 0.798 0.775 0.000 0.781
no. EEEEEAE AR LA SRS AS SR ESERSE te 3 0.768 0.742 0.000 0.784
t-1 t t+1 4 0.921 1.000 0.000 1.000
1 0.976 1.000 1.025 1.000 5 2748 2.651 2.000 0.828
2 0.848 0.914 0.928 0.929 6 0.841 0.937 0.000 1.000
3 0.871 0,914 0. 920 0.954 7o LI1s4 1000 0,000  1.000
4 0. 985 1.000 0.995 1.000 g 0.631 0.547 0.000 0.663
5 0.691 0.672 0.648 0.751 9 0,602 0,535 0,000 0. 665
6 0.363 1.000 1.043 1.000 10 1.0% 1,000 0.000 1,000
7 1.015 1.000 0.3992 1.000
8 0.685 0.673 0.628 0.727
9 0.757 0.707 0.735 0.873 | Mean 0.859 0.81% 0.000 0.872
10 1.128 1.000 1.098 1.000
[Note that t-1 in year 1 and t+1 in the final year are not defined]
mean 0.892 0.888 0.302 0.323

year = 4

MALMOJUIST INDEX SUMMARY .
firm effch techch pech sech  tfpch

yedar = 2 1 1,000 0.997 1.000 1.000 0.997
2 0.911 1.012 0.908 1.004 0.922
: 3 0.896 1.034 0.838 0.937 0.927
firm effch techch pech sech tfpch T i00n oons  i.000 1000 0. 908
5 0.898 1,148 0.966 0.929 1.031
i 1.000 0.950 1.000 1.000 0.950 6 0.942 0.898 1.000 0.942 0.846
2 1.040 0.952 1.084 0.986 0.990 7 l.0op 11000 1.000 1.000 1.100
- 8 0.879% 1.136 0.931 0.944 0.938
3 1,034 0,958 1.078  0.959 0.990 9 0.820 1.120 0.850 0.965  0.918
4 1.000 0.962 1.000 1.000 0.962 10 1,000 1.094 1.000 1.000 1,094
é E?gg égéﬁ 1833 E?gg Eggg mean 0.933 1.041 0.954 0.978 0.971
7 1.120 0.987 1.000 1.120 1.105
g 0.956 1.018 1.011 0.946 0.974 MALMQUIST IKDEX SUMMARY OF ANKUAL MEANS
13 iggé 123% 13;3 Eggg 1133 year effch techch pech sech tfpch
' ) ) ) ) z 1,026 0.938 1.041 0.986 1.023
3 0.975 0.996 0.984 0.991 0.971
mearn 1.026 0.998 1.041 0.986 1.023 3 0933 1.041 0954 0978 0. 971
year = 3 mean 0.977 1.011 0.992 0.985 0,938
firm effch techch pech sech  tfpch | wALMQUIST INDEX SUMMARY OF FIRM MEANS
1 1,000 0.979 1.000 1.000 0.979 firm effch techch pech sech  tfpch
2 0.%0 0.985 0.%26  1.004 0.916 1 1.000 0.975 1.000 1.000 0.975
3 0,906 0.994 0.915 0.9%0  0.900 2 0.959 0.983 0.961 0.938 0.942
4 1.000 1.006 1.000 1.000 1.006 3 0.943  0.935 0.960 0.982  0.938
o 4 1.000 0.358 1.000 1.000 0.958
5 1.078 1.03% 1.142 0.345  1.120 5 0.970 1.070 1.048 0.925 1,038
&6 0.93% 0.977 1.000 0.995 0.5972 & 1,010 0.946 1.000 1.010 0,956
7 1.000 1.033 1.000 1.000 1.033 7 1.039 1.039 1.000 1.03% 1.079
z 8 0.920 1.068 0.974 0.945 0.982
& 0.%26 1.054 0.380 0.345  0.976 9 0,935 1.051 0.982 0.953 0,983
9 0.923 0.973 0.835 1.031 0.89% 10 1.000 1.038 1.000 1.000 1.038
10 1,000 0.928 1.000 1.000 0.928 .
mean 0.977 1.011 0.992 0.985 0,938
mean 0,975 0.996 0.984 0.991 0.971 [Note that all Malmquist index averages are geometric means]
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Results from DEAP Version 2.1

year = 3

Instruction Tile = eg2-ins.TKC . .

Data Tile =" eg2-dta.txt firm crs te rel to tech in yr VIS
output orientated Malmquist DEA na. t-1tt+1 te
DISTANCES SUMMARY 1 0.275 0.308 0.287 0.821

2 0.441 0.707 0.740 1.000
_ 3 0.380 0.587 0,605 0.929
year = 1 4 0.189 0.296 0.208 0.412
firm crs te rel to tech in wr VES 5 0.763 0.310 0.85% 0.928
no. P T T e te 6 1.330 1.000 1.345 1,000
-1 T T+l 7 0.878 1.000 2.010 1.000
1 o. 000 o. 404 0.4z a. 649 S 0.626 0.775 1.016 1.000
2 0. 000 1.000 0.471 1.000 3 0.433 0.526 0.493 0.523
3 O DOD o 584 0. 476 o 994 10 1.191 1.000 1.501 1.000
4 0.000 0.450 0.256 0.530
5 0. 000 0. 846 0.528 0.977 mean 0.652 0.711 0.917 0.862
& 0.000 1.000 0.737 1.000
7 0.000 1.000 1.042 1.000 car = 4
! 0.000 0.897 0.a24 1.000 ¥ =
El 0. 000 0.544 0.300 0.E609 i i
10 0.000 0.108 0.027 0.132 firm crs te rel to tech in yr vrs
na. te
mean 0.000 0.713 0.450 0.789 -1 t t+1
year = z _
1 0.418 0.376 0,000 1.000
firm crs te rel to tech in VIES 2 0.644 0.683 0.000 0.930
no. AR A AR EAAEGAEAAEAAEEEEALS te 3 0.593 0.598 0,000 1,000
-1 € T+l 4 0.279 0.297 0.000 0.414
1 0.442 0.283 0.2321 0.810 5 0.673 0.680 0.000 0.733
z 0.827 0.387 0.645 0.963 [ 1.120 1.000 0.000 1.000
3 0.819 0.420 0.632 0.976 7 0.525 1.000 0.000 1.000
4 0.408 0.212 0.314 0.468 3 0.633 0.839 0.000 1,000
5 2.837 1.000 Z.048 1.000
9 0.43%6 0.483 0.000 0.4593
& 1.521 1.000 0.911 1.000 M
7 1.070 1.000 1.746 1.000 10 0.730 1.000 0.000 1.000
8 1.047 0.347 0.660 1.000
9 0.738 0.491 0.551 0.568 mean 0.617 0.702 0,000 0.863
10 4.1E55 1.000 0.899 1.000
mean 1. 488 0. 615 o.874 o.878 [Note that t-1 in year 1 and t+1 in the final year are not defined]
MALMQUIST INDEX SUMMARY year = 4
firm effch techch pech sech tfpch
year = 2
1 1.221 1,092 1.218 1. 1.334
- 2 0.966 0.943 0.930 0. 0.917
firm effch techch pech sech tfpch 3 1.018 0.981  1.07 0. 0.939
4 1.002 0.951 1. 0. 0.953
1 0.702 1.613 1.249 0.562 1.132 5 0747 1.024 0.7 0. 0.766
z 6 1.000 0.913 1. 1. 0.913
2 0.397 2.102 0.963 0.412 0.835 7 1.000 ©0.511 1. 1. 0.511
3 0.475 1.302 0.382 0.484 0.304 = 1.160 0.766  1.000 1. 0.883
4  0.471 1.840 0.882 0.534 0,867 5 0.315  1.041  0.331  O. 0.956
5 1.182 2.478 1.023 1.156 2.930 10 1.000 0.638  1.000 4. 0.838
) 1.000 1.436 1.000 1.000 1.4386 mear 0.996 0.873 0.996 1.000 0.869
7 1.000 1.013 1.000 1.000 1.013
8 0. 387 2.526 1.000 0.387 0.978 MALMQUIST INDEX SUMMARY OF ANNUAL MEANS
9 0.3903 1.652 0.933 0. 967 1.491
10 9. 2597 4,080 7.585 1.226 37.651 year effch techch pech sech tfpch
2 0.867 1.932 1.224 0.708 1.67%
mean 0. 867 1.932 1.224 0,708 1.675 3 1.234 0.780 0.973 1.268 0.962
4 0.996 0.873 0.996 1.000 0.869
year = 3 mean 1.021 1.096 1.059 0,965 1.119
firm effch techch pech sech tfpch
MALMQUIST INDEX SUMMARY OF FIRM MEANS
1 l-gﬁ-’ 0.874 l.01z 1'9'73 0.3:50 firm effch techch pech sech  tfpch
2 1.779 0.620 1.038 1.713 1.102
3 1.397 0.656 0.952 1.467 0.916 1 0.577  1.155 1.155  0.846  1.128
z 2  0.880 1.073 0.997 0.883  0.94%
4 1.357 0.6 D.882  1.584  0.3916 3 o0.878 1.070 1.002 0.876 0.939
5 0.910 0.642 0.928 0. 980 0.584 4 0.870 1.047 0.921 0,945 0.911
& 1,000 1.208 1.000 1.000 1.208 ‘5_: 2'333 11;; E-ggg 1-333 1-232
i 1.000 0.70%  1.000 1.000 0.709 7 1.000 0.716 1.000 1.000 0.716
g 2.232 0.652 1.000 2.232 1.4EE5 8 1.001 1.081 1.000 1.001 @ 1.082
9 1.072 0.862 0.932 1.150 0.3924 9 0.%1 1.140 0.932 1.032 1.096
10 1.000  1.151  1.000  1.000  1.151 10 2.103 1.482  1.965  1.070  3.115
mean 1.021 1.096 1.059 0.965  1.119
mean 1.234 0.780 0.973 1.268 0.962

[Note that all Malmgquist index averages are geometric means]
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Results from DEAP version 2.1

year = 3

Instruction file = eg2-ins.txt
Data Tile = egz-dra.txt firm crs te rel to tech inyr Vrs
Output orientated Malmquist DEA na. -1 t t+i te
DISTANCES SUMMARY 1 0.382 0.971 0.958 1.000
2 0.9% 1.000 1.000 1.000
_ 3 0.887 0.878 0.855 0.3504
year = . 4 0.9 0.9  0.343  1.000
Firm VS g 1.028 1.000 1.034 1.000
no. te [ 0.891 0.882 0.859 0.906
7 0.340 0.%31 0.306 0.955
- — g 0.97% 1.000 0.991 1.000

1 0.000 0.975 0.978 1.000 - 5

2 0.000 1.000 0.886 1.000 E 0.382 0.973 0.947 0.533%

3 0.000 0.838 0.918 0.937

4 0.000 1.000 1.031 1.000 mean 0.963 0,957 0.944 0,974

5 0.000 1.000 1.016 1.000

3 0.000 0.883 0.911 0.304 _ 4

7 0.000 0.910 0.934 0.91z2 | YRdr =

8 0.000 1.000 1.089 1.000 ) .

E] 0.000 0.952 0.969 0.962 firm crs te rel to tech iny Vs
mean 0.000 0.958 0.970 0.9363 no. "f-l t t+1 te
year = 2

1 0.382 0.968 0.000 1.000

firm crs te rel to tech in w Vs 2 1,000 1,000 0,000 1,000
no. ﬁ;i;ﬂmﬁﬂﬂmmmﬁzﬁz te 3 0,905 0881 0,000 0,916
* 4 0.388 0.961 0.000 0.962

1 0.997 1.000 0.991 1.000 5 0.937 1.000 0.000 1,000

2 1.129 1.000 1.004 1.000 [ 0.887 0.863 0.000 0.869

3 0.303 0.923 0.915 0.923 7 0.942 0,917 0.000 0.918

4 0.360 0.930 0.981 0.991

5 1.001 1.000 0.990 1.000 § .01 1.000 0.000 1.000

& 0.877 0.904 0.835 0.904 2 L0 1000 0.000  1.000

7 0.893 0.926 0.917 0.927

8 0.923 1.000 1.029 1.000 mean 0.971 0.954 0.000 0.963

E} 0.342 0.353 0.350 0.360
mean a.95a 0.a67 0.964 0.967 [vote that t-1 in year 1 and t+1 in the final year are not defined]

= 4
MALMQUIST INDEX SUMMARY year
firm effch techch pech sech tfpch
year = 2 1 0.997 1.014 1.000 0.997  1.041
. 2 1.000 1.000 1.000 1.000 1.000
firm effch techch pech sech  tfpch 3 1,003 1.028 1.013 0.990 1,031
4 0.986 1.028 0.962 1.025 1.043

1 1.026 0.997 1.000 1.026 1.023 & 0378 1035 0.%83 1.020 1005

2 1.000 1.129 1,000 1,000 1.12% 7 0.985 1.028 0.961 1.024 1,012

3 1.028 0.978 0.98% 1.044 1.006 § 1.000 0 1.011 1.000  1.000 1,041

4 0.990 0,970 0.991 0.999  0.960 ? L0z L0280 L0010 1.027 1,056

5 1.000 0.932 1,000 1.000 0.992 mean 0.997 1.016 0.988 1.009 1,013

6 1.023 0.970 1.000 1.023 0.993

i 1.017 0.573 1.016 1.000 0.983 MALMQUIST INDEX SUMMARY OF ANNUAL MEANS

§ 1.000 0.921 1.000 1.000 0.921

g 1.007 0.982 0.998 1.010 0.989 year effch techch pech sech tfpch

2 1,010 0.989 0.99% 1.011 0.999
mean 1.010 0.989 0.999 1.011 0.999 3 0.989 1.005 1.007 0.983 0.99%4
4 0.997 1.016 0.988 1.003 1.043
year = 3 mean  0.999 1.002 0.998 1.001 1.002
firm effch techch pech sech tfpch
MALMQUIST INDEX SUMMARY OF FIRM MEANS

1 0.971 1.010 1.000 0.971 0,981 firm effch techch pech sech tfpch

2 1.000 0.996 1.000 1.000 0.9%6 1 0.998 1.007 1.000 0.998 1,008

3 0.852 1.003 0.573  0.572  0.960 > 1.000 1.040 1.000 1.000 1.040

4 0.9385 1.00%  1.00%  0.977 0.934 3 0.994 1.005 0.932 1.001 0.999

g 1.000 1.019 1.000 1.000 1.019 g E-ggg é'ggﬁ E-ggg i-ggg g-ggg

& 0.376 1.003 1.002 0.374 0.38 & 0.992 1.002 0.987 1.006 0,994

7 1.006 1.00% 1.030 0.%77  1.016 7 1,002 1.003 1.002 1.000 1.005

g 1.000 0.975 1.000 1.000 0.975 8 1.000 0.968 1.000 1.000 0.968

9 1.015 1.009 1.041 0.975  1.024 5 1.016 1.006 1.013  1.003  1.023

mean 0.999  1.003 0.998 1.001 1.002
mean 0.989 1.005 1.007 0.983 0.994

[Note that all malmquist index averages are geometric means]

97



Covariance
Analysis:
Ordinary
Date:
06/19/19
Time: 01:51
Sample: 1
29
Included
observation
s: 29

Correlation
Probability
VRSEFF

ROA

ROE

SI

EQ

LiQ

LO

NOP

COST

VRSEFF
1.000000

0.052132
0.7883

0.136596
0.4798

0.291816
0.1245

-0.598144
0.0006

0.227711
0.2348

0.220337
0.2507

0.195532
0.3094

-0.552338
0.0019

Gadlall 4l
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ROA

1.000000

0.764205
0.0000

0.176628
0.3594

0.039279
0.8397

0.191984
0.3184

-0.332449
0.0781

-0.495516
0.0063

-0.366253
0.0507

ROE

1.000000

0.234314
0.2212

-0.324972
0.0854

0.065049
0.7374

-0.484640
0.0077

-0.492386
0.0067

-0.430352
0.0198

Si

1.000000

-0.279384
0.1422

0.719917
0.0000

-0.295403
0.1198

-0.033709
0.8622

-0.308348
0.1037

98

EQ LiQ LO NOP COST

1.000000

-0.039489 1.000000
0.8388  -----

-0.095302 -0.093587 1.000000
0.6229 0.6292 -

-0.095903 0.137976 0.570582 1.000000
0.6207 0.4754 0.0012 -

0.507639 -0.101743 -0.100035 0.045948 1.000000
0.0049 0.5995 0.6056 08129 -
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Dependent Variable: VRSEFF

Method: ML - Censored Normal (TOBIT) (Quadratic hill climbing)
Date: 06/08/19 Time: 12:46

Sample: 1 29

Included observations: 29

Left censoring (value) series: 0

Right censoring (value) series: 1

Convergence achieved after 6 iterations

Coefficient covariance computed using observed Hessian

Variable Coefficient Std. Error  z-Statistic  Prob.
C 1.314005 0.507322 2.590080 0.0096
SI -0.007739 0.025146 -0.307748 0.7583
LIQ 0.004966 0.005396  0.920275 0.3574
EQ -0.010814 0.007181 -1.505875 0.1021
LO 0.056433 0.155906 0.361969 0.7174
COST -0.004337 0.002751 -1.576408 0.10

INOP 0.001394 0.002960 0.470884 0.6377

Error Distribution

SCALE:C(8) 0.226577 0.045724  4.955333  0.0000

Mean dependent var 0.879759 S.D. dependent var 0.200705
S.E. of regression  0.155256 Akaike info criterion 1.148570
Sum squared resid  0.506191 Schwarz criterion 1.525755
Log likelihood -8.654268 Hannan-Quinn criter. 1.266700
Avg. log likelihood -0.298423

Left censored obs 0 Right censored obs 14
Uncensored obs 15 Total obs 29
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Dependent Variable: ROE
Method: Least Squares
Date: 06/08/19 Time: 12:56
Sample: 1 29
Included observations: 29
Variable Coefficient Std. Error t-Statistic Prob.
C 36.47516  12.47378 2.924147  0.0079
SI -0.540268 0.632686 -0.853928  0.4023
LIQ 0.100971 0.134112  0.752883  0.4595
EQ -0.278292  0.190980 -1.457180  0.10
NOP -0.105563  0.068024 -1.551849  0.10
COST -0.158403  0.072890 -2.173179  0.0408
LO -7.594735 3.398045 -2.235030 0.0359
R-squared 0.555818 Mean dependent var  10.41806
Adjusted R-squared  0.434678 S.D. dependent var  8.529623
S.E. of regression 6.413244  Akaike info criterion 6.761113
Sum squared resid ~ 904.8534 Schwarz criterion 7.091150
Log likelihood -91.03614 Hannan-Quinn criter. 6.864476
F-statistic 4.588215 Durbin-Watson stat ~ 2.319546
Prob(F-statistic) 0.003652
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Dependent Variable: ROA
Method: Least Squares
Date: 06/08/19 Time: 12:55
Sample: 1 29
Included observations: 29
Variable Coefficient Std. Error t-Statistic Prob.
C 3.619144 1.593765 2.270814  0.0333
SI -0.080843  0.080838 -1.000068  0.3282
LIQ 0.027433 0.017135 1.600931  0.10
EQ 0.022792  0.024401 0.934057 0.3604
LO -0.347292  0.434166 -0.799906 0.4323
NOP -0.018623  0.008691 -2.142700  0.0435
COST -0.024369 0.009313 -2.616665 0.0158
R-squared 0.479786 Mean dependent var  1.224745
)Adjusted R-squared  0.337910 S.D. dependent var 1.007037
S.E. of regression 0.819415 Akaike info criterion 2.646054
Sum squared resid 14.77171  Schwarz criterion 2.976091
Log likelihood -31.36778 Hannan-Quinn criter. 2.749417
F-statistic 3.381719 Durbin-Watson stat ~ 2.209825
Prob(F-statistic) 0.016212
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