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7- Udoh and Egwikhide
8- Khaligh et al.
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2- Mean Spillover (effect)
3- Volatility spillover (effect)
4- Risk spillover (effect)
5- Volatility regime switching
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1- Lee and Yoder

2- Dynamic Conditional Correlation

3- Constant Conditional Correlation

4- Pelletier

5- Regime Switching Dynamic Correlation
6- Billio and Caporin
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9- Path dependency
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3- Primitive
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1- Grid search

2- Steepest ascent

3- Davidon- Fletcher- Powell
4- Newton- Raphson

5- Quasi-Newton

6- Broyden

7- Berndt- Hall- Hall- Hausman
8- Broyden, Fletcher, Goldfarb, Shanno
9- Filter probability

10- ex ante probability

11- Evolving information set
12- Smoothed probability

13- Kim
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Table 1- Multivariate normality test results for vertical levels of poultry, calf and sheep market

Market Mardia Mardia Henze- Doornik-
P11 mSkewness mKurtosis Zirkler Hansen
o eV guaa g §ye ol sodleg o )bl 0.9096™" 24,9052 3.2256™"
Ey0 CudsS 5035 Statistic (0.000) (0.000) (0.000)
Broiler feed input and 5 s 128.940(6)™"
chicken and broiler Chiz((j;)r;:gfiriedom) 31.612(10) 166.792(1)  62.738(1) ('o.oog)))
products g
dos ey N . o5lel 55118™" 49.8088"" 135202
csellog? Npaze 5 bgle ool Statistic (0.000) (0.000) (0.000)
AlosS cudS g o
products Chi2(degrees of freedom) (0.000)
s ey e ool olo] 2.0285™" 39.8935™" 8.5980""
# SNgare g 5 o Statistic (0.000) (0.000) (0.000)
LdwgS CubgS g 0d3) ] ] o
Hay input and, sheepand ~ Chi2(degrees (o3l 4 3) 5o s 70.498(10) 1053465(1)  177.112(1)  321625(6)
mutton products of freedom) (0.000)
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The numbers in parentheses indicate the probability level and ***, ** and * represent significance at 1, 5 and 10% level respectively
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Table 2- Results of model comparison criteria for poultry, calf and sheep markets

£ Cds I3k Alogs Codgs 15k WdgS CudgS 3L
Broiler market Beef market Mutton market
Criteria Gaussian  t-student  Gaussian  t-student  Gaussian  t-student
MSE_2 21552 19736 17709 15669 16053 6708.4
MSE_1 350.0100 358.2773  99.2982 80.6030  119.2685  76.2531
PSE 11235000 2387800 15634000 988810 2381.8 1222000
QLIKE 76011000 1552800 2784000 4086.7 16.9630 1076000
R2LOG 44,0811 34.6543 2206.1 29.5383 15.6157 43.3367
MAD 2 182.8731  180.3859  61.4410 56.3399 62.2436 52.1778
MAD_1 24.8498 25.8767 8.4710 9.6340 11.2122 11.0685
AlIC 3226.6 32115 2776.6 2749.8 2974.1 2935.2
BIC 3409.1 3397.3 2959.1 2935.6 3156.6 3121.0
log likelihood -1558.215 -1549.735 -1333.282 -1318.915 -1432.031 -1411.586
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Figure 1- Smoothed regime probabilities for vertical market levels of poultry during 1997-2013
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Table 3- Estimated parameters of multivariate Markov switching GARCH model for vertical market levels of poultry

b uile Je
Conditional mean model
c 0.9404™" c 156727 c 1.44427
01 (0.000) 02 (0.000) 03 (0.000)
ailisle Je
Conditional mean model
0.0007 0.6607"
f1 (0.506) P11 (1.000)
" 0.0021 5 0.2430
12 (0407) 12
° 2.1565™" " 0.0019 5 0.2626™"
1 (0.000) 13 (0.617) 13 (0.000
° 0.6990 " 0.0373 b 0.0003™"
21 (1.000) 2 (1.000) 2 (0.000
Regime 1 0.6238 0.2080™" b 0.0075™"
Jol w3 @31 (0.999) 022 (0.000) 2 (0.000
4.9446 0.5993 b 0.2328
©22 (0.246) 023 (1.000) 3 (1.000
o 40783 " 0.3104™ b 0.0004
32 (0.797) 3t (0.040) 3 (1.000)
o 0.4631" " 0.5367 b 0.2859
33 (0.036) 32 (1.000) % (1.000
0.0173™ b 0.0128™"
033 (0.000) 33 (0.000)
0.0705 0.3863
woooamg B oo
0.0877 0.0270
012 (0.000) B2 (0.000)
° 0.6092 " 0.0043 b 0.1791
1 (0.000) 3 (0.000) 3 (1.000)
w 2.6972 " 0.6125 b 0.0002
_ 21 (0.000) 2 (1.000) 2 (0.000)
Regime 2 o 4.3962 o 0.5364 b 0.0717
P33 wdy 31 (0.000) 2 (0.000) 2 (1.000)
w 4.9915 " 0.1118 b 0.0107
22 (0.000) 23 (0.000) 2 (0.000)
° 0.8213 " 0.5580 b 0.2806
32 (0.000) 3 (1.000) 3 (1.000)
° 0.0001 " 0.6571 b 0.1724
33 (0.000) 32 (0.000) 2 (0.000)
0.461 0.0124
03 (0.000) Bas (1.000)
S e yile b 0.9829™" b 0.0171 b 0.3570" P 0.6430
Transition matrix T (0.000) 2 (0.191) 2 (0.070) "#  (0.218)
@il 4 p v 11.8283™
Degrees of freedom (0.006)
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The numbers in parentheses indicate the probability level and ***, ** and * represent significance at 1, 5 and 10% level respectively
Source: Research findings
oM LacS 5 3L b 5 Jl3 ine oy iy bgle o AlugS CdsS Cund 1 a5 md 0 (LS (izren Jgi> @l

4SS md o LS el 3)91).3i #J Pij calpd 2yl 3935 Cuald bWy w15y )0 5 Olzp 0l (gdllwsS Cuoud 4 WS 135, )



VAN olnlseub g oI5 513 50 Connd ylugd 325 oo

b oy @ )3 )03 3529 Par o3l haw 4 (893035 g & 0l g Sl WbMiyy 0255 )3 3 sime Cunid Wb o)
Moine 023 93 5 3 03l haw &) (2898033 paw I Cueid 3929 Par odld gaw 4 (2398033 v I 55 9 Pro 0T Ag5
bl o | )3 Caid Wb oy p LS WS 125 53 )1

AlwsS 150 3908 ok (515 GARCH Siagigw S o (50 pifioies Juo 0w 3591 w1 (g ol yly £ Jgua
Table 4- Estimated parameters of multivariate Markov switching GARCH model for vertical market levels of calf

b le Joe
Conditional mean model
C 132217 c 0.6155 c 0.85117
oL (0.000) 02 (0.000) 03 (0.000)
olly Jse
Conditional mean model
0.0030 0.3514
a1 (0.486) Bt (0.031)
. 0.01117 B 0.0006
12 (0.037) 1 (0.6095)
3.2975™" 0.2124 0.0003
O (0.000) tas (0.906) Bis (0.6423)
0.0048 0.0057 0.2486
©21 (0.647) t21 (0.119) B2y (0.755)
Regime 1 0.0013 0.0028™" 0.2651™"
Jsl o) ©3(0.500) %2 (0,002) Bz (0.000)
0.7105™" 0.7948 0.0769
022 (0.000) % (1000) Bas (0.346)
0.0040 0.7948 0.0058™"
03 (0.489) G (1.000) Bar (0.000)
0.000002 0.4767"" 0.3181
033 (0.452) Gz (0.000) Ba (1.000)
. 0.0027 B 0.0425™"
3 (1.000) 3 (0.000)
0.0004 0.4754
Wi (0,000 Pus (0.000)
o, 013387 B 0.1435™"
(0.000) L (0.000)
2.9650 0.0145 0.0214
011 (0.000) %s (1000 Bis (1.000)
0.0580 0.3939™" 0.0048
21 (1.000) %1 (0000 B (1.000)
Regime 2 © 0.0056 o 0.0764 b 0.9888™"
RS 31 (1.000) 22 (1.000) 22 (0.000)
0.6046™" 0.0448 0.0024
022 (0.000) % (0.000) Bas (1.000)
0.5742"" 0.37417 0.0042""
032 (0.000) %1 (0.000) Bar (1.000)
0.000005 0.0702 0.0445
33 (0.296) % (1000) B (1.000)
0.0425™" 0.4263"
% (0 000) Bas (0.000)
S e yile p 0.9164™" p 0.0836™ P 0.2248" P 0.7752"
Transition matrix 1 (0.000) 2 (0.043) 2 (0.086) "* (0.012)
@il a2 y 45481
Degree of freedom (0.000)
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The numbers in parentheses indicate the probability level and ***, ** and * represent significance at 1, 5 and 10% level respectively
Source: Research findings
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Smoothed Probabilities derived from Haas and Mitinik (2008) Multivariate Markov Switching GARCH Model for Calf Market
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Figure 2- Estimated smoothed regime probabilities for vertical levels of calf market during 1997-2013
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Table 5- Results of estimation parameters of multivariate Markov switching GARCH model for vertical market levels of
sheep market

b (pSile oo
Conditional mean model
c 15605 c 1.3008 c 1.2292
oL (0.000) 02 (0.000) 03 (0.000)
ol yly e
Conditional mean model
0.0005 0.2851
fa1 (0.002) Bt (0.001)
0.0006 b 0.0628""
022 (0.648) 1 (0.001)
o 3.0370"" " 0.8134 8 0.0005
1 (0.000) 13 (0.994) 13 (1.000)
o 0.1718 " 0.004 b 0.0002
2L (0.994) 2 (1.000) 2 (0.929)
Regime 1 0.0003 0.3572 b 0.5877
Jol @31 (0.804) 022 (1.000) 2 (0.372)
112937 0.0010™" b 0.1236™
®22 (0.000) 023 (0.000) LS (0.001)
o 0.3315" " 0.1537"" 8 0.0007
52 (0.081) 31 (0.000) & (0.985)
o 0.0010 o 0.0002™" 5 0.0681
3 (0.493) 32 (0.002) 2 (1.000)
0.1981 b 0.5605""
a3 (1.000) ki (0.000)
0.6245 0.5540
a1 (0.000) B (0.917)
0.0131 0.0005
U2 (1000) Lge (0.784)
0.000001 0.0542 b 0.0273
Ou (0.384) Oas (0.000) 13 (0.002)
2.7943 0.0678"" b 0.8104
_ ®21 (1.000) f21 (0.000) 2 (0.999)
Regime 2 1.4961 0.0003 b 0.9154™"
ps> i) ®31 (1.000) 022 (0.953) 2 (0.000)
25154 0.0009 b 0.2097
022 (0.000) 023 (0.627) 3 (0.210)
134677 0.0003 b 0.1242
032 (0.000) 01 (1.000) & (0.683)
o 0.0001 " 0.2573"" 8 0.0014
33 (0.2728) 32 (0.000) 2 (0.562)
0.4201 0.0005
a3 (1.000) Pas (0.236)
SIS il p 0.8456™" p 0.1544™ p 0.4038™" p 0.5962"""
Transition matrix ~~ ~  (0.000) 2 (0.005) 2 (0.008) 22 (0.005)
@il 4z v 9.7133™
Degree of freedom (0.002)
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The numbers in parentheses indicate the probability level and ***, ** and * represent significance at 1, 5 and 10% level respectively
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Source: Research findings
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Smoothed Probabilities derived from Haas and Mittnik (2008) Multivariate Markov Switching GARCH Model for Sheep Market
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Figure 3- Smoothed regime probabilities for vertical levels of sheep market during 1997-2013
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Table 6- The Ljung-Box autocorrelation test results for standardized residuals of estimated models

Exr )ik 390 Tobmw Wogs I3k 3908 Zolaw S 3k (g3908 ol
Vertical levels of poultry Q Vertical levels of calf Q Vertical levels of sheep Q
market market market
Broiler feed 0.0538 Hay 0.5427 Hay 5.6530
(& o) (1.000) (adgke) (1.000) (a8ske) (0.933)
Chicken 0.0008 Calf 5.2901 Sheep 18.4306
(0355 & 50) (1.000) (0355 dlwgd) (0.948) (0355 Lt gS) (0.103)
Broiler 0.0097 Beef 0.1299 Mutton 7.1242
(£ cs55) (1.000) (WlogS cuioS) (1.000) (3haogS sS) (0.849)
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The numbers in parentheses indicate the probability level and ***, ** and * represent significance at 1, 5 and 10% level respectively
Source: Research findings
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