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Relationship between Environmental Factors and Milk Yield of
Dairy Cow House in Cold Region Based on Random Forest
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Abstract: Dairy cows in cold regions are in non-heat stress state for a long time. Aiming to understand
the main environmental factors affecting milk yield, the relationship between temperature, humidity,
wind speed, carbon dioxide concentration, ammonia concentration, light intensity and average daily milk
yield of dairy cows was studied from the perspective of daily mean and percentile values based on
continuous monitoring environmental data. Meanwhile, a random forest regression model based on
environmental factors was established to predict milk yield. The results showed that light intensity and
carbon dioxide concentration were two important environmental factors affecting milk yield, especially at
low temperature. The average daily light intensity of 250 Ix and the average daily carbon dioxide
concentration of 8 x 10 ~* could obviously classify high and low milk yield. The sample sites with high
milk yield were also concentrated in the areas where the 90th percentile of light intensity was higher than
800 Ix and the 10th percentile of carbon dioxide concentration was lower than 6 x 10 *. The mean
determination coefficient and mean root mean square error used to evaluate the generalization ability of
regression model were 0. 731 6 and 1. 037 0 kg, respectively. According to the results, it was suggested
that during the non-heat stress period of dairy barns in cold areas, at least 2.5 h of light should be
guaranteed for no less than 800 Ix per day, and the time when carbon dioxide concentration was higher
than 6 x 10 ~* should be controlled for no more than 2. 33 h.

Key words: dairy cow house in cold area; environmental factors; non-heat siress; milk yield; random

forest
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Fig.1 Layout of facilities in experimental cattle house
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Fig.2 Sampling locations of automatic sensors to measure indoor and outdoor environment parameters

1.2 #HiEsiE

KA AR EAEAAAER 3 2k AN TER | 5 A I
PO HA I R — B ORI BR 15 5 i
A A BRECHE B i O, TRISE A Matlab #E47 70N

e M LUl D WP 0 i 5, 25 BB R E I R
O AE Pk 3 —5E I B (R A 200 f & I LE =R 1™ Ak
S0 T E 2 H SR B O i AR, A SOk
Bes BRI T HES A [R) 1 A8 b S0, F



380 A VIR A I 2021 4
x1 ARERSESH
Tab.1 Test sensor parameter list
IR A LiEss W 5 i Vi =S W

R Al B -40 ~80°C 0.1C +0.2FS
AN ZERGELT  NHFSX49 B AFX I L2 A TR 0 ~100% 0.1% +3%FS

A R I 0 ~60 m/s 0.01 m/s +2%FS
RGBS NH63 ! AR A A S 0~1x10"* 1x10°° £3%FS
TR NH162 % AR £LAM I 0~2x10"3 1x10°3 +4x107° £3%rdg
O B IR NHZDI0AU2 % I e R 0 ~2000 Ix 10 Ix 10dgt +5% rdg

FHG PR R 1.3.3 MEISHILE

1.3 #gE%3

FEMLARARIE i [ B A I B 4R v ik el
H BRI n DAEALE BRI 2/3 HEA R B
s 2% NI, EEST m BR P SR AR ) S B ML AR
MO m B SRR R] I 4 G S 34 (AT T
MY B TR A XL (AR S LA
S LI ) R] ab X e 7 R S (AN SRR A )
A A
1.3.1  FdlE kb2

Fa L A 2 > AU B A F AR A S 1 1R 22
e/ IMUAE SR 5 Y (1Y) 2 > E D) D) /0 B0 2 A AR 1 iR
FZETE VAR 25 T 1 L EE S /S, £ A5 A5 7R X 2 %K
FKFEARM TN MR TR, A SCR A U808
KRER AT e, ) FH Bl AL 2 M A (i 1, 78 A
BET ) 7 BIORE AR (1) 0] 335 3 1 2 BRI A O - Al
A TS PR R B HOE =6 7 4 1) 5
FRBE W AN B, A o 45 PRI I - i g H 3 ME
B H 12 NMRREFS A H 12 DM/ MEFHLL K
%5 10,20 .35 .50 .65 .80 .90 1 v B £H p HL Al
AR Xy E AR N SR AR AR Y, X E AR
ot PR AR a3 0l R BT 7 iR AR e SF 5 AR R ST
AR A SRR BUE B AR BUE R BIBUE R, Sad
RIS T D UNGREE AU R 420 A

=%
AR,

1.3.2 BIAIPEA HEhR

FEFIYI Sk 1Y B b S22 BT IR A 1) Fe AR 0

G A TR R/ MU E I i R e LS R S 4

MR . BEFPE REC(RY) M AR IR 2E (E) 1F

AT AR AR, Rl BRE PR 5 I e s P LA X
LRI PERE  HA R A AN

pol (KoK FF,

R} E,

: )><100% (1)

A R—HIBRHE A R RAI 2R e R AR
Ry —— R A 2 B AT RS 2R A DR 2R KL
E,——RIERAE AR AR SR iR 2s
E——55E A A R I ZRAg 7 iR 2z

WAL R P 1] 1 A6 75 ) g A 5 2 R SRR
420 > A ARG EREAE B E ARG . R
A5 B A AR SNEAE 1 T7 1R ZE A T BE D SRR K 1
KA A 20 A i S 120 B2, BT
ERINEAEAG T AR AR F | 2 A0 S PR T AR A
A4EAE , IR AN ZRREAL AR | B3 (1 728 (9 5
RS FHAr 8, BJE A R E XL 5 Y
BRI BEAT AT

2 #R5WE

2.1 MEEEHBESFNEZENXR

IR B) A A ERHE AR AR I O 0L % 2, B ETE
FRUIGIA-EFE IR X W R 5 ~25°C, AT LA HAE
9—11 H & P BE AL T 5 A &% 35 1Y) I B 3 1Rl P B
AEXT B | XU O B B | A ek | Rk
JE AR AR, 9 A ANRAE 1 AP
Wi AL, S0 1) o A AV B A | A PR 25 4 1
Ak, 2 AR A, bk A ek g S
AL, HoAl R R A7 A W E 22 5, RIIFE R4y
I B B AR B TR B8 AN A 0 M 25 S, LA A
5% R 22 A 728 A 0T 7= e YA ™ A B S 2 s 4 i
YEH .

R T [ A i DT R B A BT He A PR R S A
LA, 51 T 48 %X ( Temperature  humidity
index, THI) , IRIBFRHOTH AN

THI =0.8T + (H/100) (T —14.4) +46.4 (2)
K T—TERRE H—— R

RS P EN R WME 3 Fin, H
&l 3 AL, THL 5 7 05 & (6] I A W b i) 22 46 8
L, A Hr HER L 7E 9 .10 A 4 P XKL R R AR 1k
HrEIT i BE, KL 1T 52 M T & SR o i
M BARET , A  9 KUGE Ak T RAR K 1 HE R
AR B 1 T, 't R R A A KT, R T
PALE R 25 75 A ) B ) B X6 475 2 19 52 i A ] B ot
TE [/l — THI 7K F B A ] THL K1 72 5 sh 24
A SRy T A [ DX T PR S ) 7 0% 1) EE




F12H

T A SET RN TE XY A4 & R R 577 W i R TS 381

x2 RIGHAEE AR HE

Tab.2 Monthly environmental data during test period

Aty WREE/C AHXRE/% K/ (m-s™')  JGHERE/Ix AR HAWE e kg
9 A (18.8+3.8)*  (73£11)*  (1.5920.43)*  (166+76)*  (61.2+6.4) x107>*  (3.28+0.75) x107°*  (28.31 £1.97)"
10 H (13.0+3.3)" (53+7)"  (0.43+0.41)>  (215+52)° (70.9£7.5) 107> (3.73 £0.52) x107%*  (27.31 +1.61)"
1A (5.8+3.2)" (59£5)¢  (0.09£0.07)° (136 +40)* (843 213.3) x1075¢  (3.960.60) x107°"  (25.77 £1.70)*
12AH (2.6 +3.5)¢ (73£6)"  (0.03+0.02)¢  (112£19)°  (97.1£25.5) x1073¢  (4.39 +0.68) x 107" (26,17 +0.47)¢
WAL H (2.7 +2.3)¢ (71£5)*  (0.09£0.03)¢ (258 +£37)¢  (57.2£10.5) x107>*  (4.00£0.76) x10 7"  (28.86 +0.66)™
W2 A (5.6 +4.3)°¢ (67+7)%  (0.06+0.03)°  (323+98)°  (61.4+14.6) x107°® (468 +1.10) x10™®¢  (29.23 +0.56)¢
KAE3 (8.5+6.0)° (52+6)"  (0.160.06)°  (419£30)"  (65.629.7) x107°®  (4.46+1.69) x10 7% (29.66 =1.13)*

T : ) — S8 A Rl P BER R 28 5 3 (P < 0. 01) BB M8 « Arifize

32 . . R AR Y E: K THL R 43 S AS R By Btk A7 53 4
ol e o3 ue. e LK 3,

IR IR 1 T H {173 TN, £ THI Ab THATRIF AT | 5
R UM AE CRI AR A 1
=S I R YO PPy B | AU A A

S AT L 2= L s i1 o [ (B o e
2s) IRE A A 25 5, — AP vk A5 7 7 0 B, THIT A
o TR 877 473 R 72 7 Ja A A I 1 3
30 35 40 45 50 55 60

THI
B3 THI 573 i 2]
Fig.3  Scatter diagram between THI and milk yield
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Tab.3 Relationship between illumination intensity and carbon dioxide concentration at different THI and milk yield stage

RS (28 ~30 k)

FRrE YR (26 ~28 kg)

7= (24 ~26 kg)

THI JEHEBH B /Tx AR S B /1 AR S R E / 1x AR BE

31 ~40 (260 +74)*4 (5.39 +1.14) x10 44 (141 £66)*® (7.63 £3.43) x10~*#a8 (117 £5)8 (9.55 +1.67) x10~4:¢
41 ~50 (302 +94)*4 (6.34 £1.44) x10 744 (133 £36)*® (8.99 £2.34) x10~*#a8 (124 £38)8 (9.17 £1.73) x10 428
51 ~60 (279 £111)™  (6.97 £0.81) x10~*P4 (192 £50) "8 (6.93 £0.77) x 10+ (220 +92)"B (6.93 £1.07) x 104"
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Tab.4 Correlation coefficient between high and low wind speed and various environmental factors

A ( <0.3 m/s)

o U WE MW ok ACokE | GREE R
Rk 1 0.261* -0.481* -0.289 " -0. 106 0.371°* 0.204
L 0.772* 1 -0.727* 0. 040 0.374* 0.319* 0.179
AEXT 0.574* 0. 405 1 0. 089 0. 038 -0.353" -0.099
X >0.3 m/s) ZHAMIRIKEE  -0.670" -0.587" -0.505* 1 0. 168 —0.524* -0.532"
AR -0.002 0.169 -0.280 0.267 1 0.222* 0.079
Ot R -0.188 -0.091 -0.818* 0. 154 0. 300 1 0.720*
TR 0.478 0.411 0.108 -0.208 0.249 -0.042 1
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Tab.5 Correlation coefficient between non-daily mean values of illumination intensity and carbon dioxide

factors and milk yield

concentration and milk yield

[EREIE 10 20 35 50 65 80 90
St HR 8 E 0.2573 0.2556 0.2826 0.1580 0.5055 0.577 4 0.607 4
A Ak B -0.3120 -0.2975 -0.2754 -0.2426 -0.1797 -0.1044 -0.0107
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Tab.6 Model performance after filtering independent variables
AL G EEA R? E/kg
1 Faes Gaes Wiaes Coass Guins A10s Ses» Cos s Ges s 1/Gye s 1/Css5, 1/Gs 0.8980 0.6509
2 Fioes Gues Woaes Sumaxs Guins Asos Ces» Gesy 1/Gys 1/C 0, 1/Ces, 1/Ggs 0.896 2 0.6567
3 Foes Gaes Coaxs Guacs Guins Si05 Asos Ses» Coss Gos s Wao s 17 Gy 0.9012 0.6406
4 Fror Guos Cruxs Guins Cos» Gess Wy, Sogs 1/Gys 1/A5y, 1/Cgs, 1/Ggs 0.8976 0.652 1
5 Guves Wanaxs Smins Cumin» F205 Asos Cos s Ges s 1/Goes 17819, 1/Ces, 1/ G 0.896 6 0.6554
6 Apes Gues Wiaes Sumaxs Fuins Guins Gos s Ges s 1/Gyey, /G, 1/C 0, 1/ G 0.7417 1.0359
7 Fres Wiaes Guaxs Guins S10» Az Coss Ges, Ggos 176Gy, 1781, 1/Ggs 0.9039 0.6317
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Tab.7 Step by step regression to determine the best model process

BN Sk AR P/% R? E/kg AR BBk B AR P/% R? E/kg
24 Ay 1.3916 0.9118 0.6053 12 1/Cgs 1.5989 0.912 4 0.6032
23 Ses 0.9930 0.9106 0.609 5 11 1780 1.499 5 0.9121 0. 604 2
22 Ces 1.1368 0.9110 0.608 0 10 Ges 1.3755 0.9117 0. 605 5
21 S e 1.057 4 0.9108 0. 608 8 9 Wy 0.935 1 0.9104 0.610 1
20 1/6,, 1.3742 0.9117 0.6055 8 Coon 0.3329 0.908 6 0.616 3
19 Gy 1.6787 0.9126 0.602 4 7 A 0.051 4 0.9077 0.6192
18 Fqy 1.840 4 0.913 1 0. 6007 6 1745 -1.1304 0.904 0 0.6313
17 Sio 1.997 8 0.9136 0.599 1 5 s -2.9482 0.8983 0.649 9
16 W 1.6433 0.9125 0.6027 4 Suin ~6.999 6 0.8850 0.6911
15 Seo 1.6849 0.9127 0.6023 3 Goin -14.8729  0.8573 0.769 8
14 Asp 1.4194 0.9119 0.605 1 2 1/Cin -26.2915  0.8131 0.8811
13 1/Ges 1.5727 0.9123 0.603 5 1 Fo. -49.5996  0.7092 1.099 0
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