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ABSTRACT

ABSTRACT

The continuous increase of world population exerts enormous pressure on the limited
global food supply. Impacts of climate change on food production and food security widely
concerned governments, scientists and other stakeholders. Accurate quantification of crop
response and sensitivity to climate change is fundamental for understanding and predicting
the spatial-temporal patterns of climate change and the implications for agricultural
production and food security. The influences of climate change on the phenology and yield
of highland barley (Hordeum vulgare L. var. nudum Hook. f.) during the growing season
were investigated on the Tibetan Plateau from 1977 to 2017. This study also analyzed the
sensitivity of highland barley to different climatic variables. The CERES-Barley model in
the DSSAT (Decision Support System for Agrotechnology Transfer) software was validated
with statistical and field observation data, and then applied to simulate the potential yield of
highland barley on the Tibetan Plateau. Then yield gaps were calculated based on observed
and simulated yields. Finally, we analyzed the impacts of climate change on highland barley
production and yield gaps through several statistical methods. Some main results were
obtained as follows.

(1) Temperature and precipitation during the growing season of highland barley remarkably
increased on the Tibetan Plateau over the past 40 years, whereas solar radiation
decreased but only decreased at the Linzhi station.

(2) Due to climate change on the Tibetan Plateau, the growing season of highland barley
obviously decreased at most stations. The growth stages of emergence to anthesis and
anthesis to maturity were shortened. However, the growth stage of anthesis to maturity
was shortened even more because the advancing of maturity date was greater than that of
anthesis date. Since the growth date of anthesis to maturity was just the grain-filling
stage of highland barley, the reduction of growing days had negative effects on the
formation of final yield.

(3) The growing season of highland barley remarkably decreased if with the same variety
and the fixed sowing date. The decrease of growing season in high-altitude areas was
mainly caused by the increase of average maximum temperature, however, in
low-altitude areas, which were mainly caused by the increase of effective accumulated

temperature during the whole growing season due to rising mean temperature.

I
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(4) The potential yield of highland barley was limited by the altitude and more sensitive to

solar radiation at the high-altitude stations. It was large and stable at the high-altitude
stations with an altitude of 3500 m. The average potential yield of the Shannan Station
approached to 12000 kg-hm™, while it was only 6000 kg-hm™ at low-altitude stations
around 3000 m.

(5) The climatic warming in the Tibet Plateau had little effect on the actual yield of highland

barley in the past 30 years. The main effects on the yield of highland barley were due to
the change of the minimum temperature from anthesis to maturity. The increase of
minimum temperature from anthesis to maturity had a positive effect on the yield of
highland barley at the Gannan Station, while the increase of the minimum temperature in
the Guinan Station reduced the yield of highland barley. Due to the negative correlation
between rainfall and radiation, the arecas with more rainfall often had less radiation. So
the rainfall in different growth stages was negatively correlated with highland barley

yield in most areas of the Tibetan Plateau.

6) The yield gaps of highland barley in the Tibetan Plateau decreased from 58.2% to 34.5%
( yield gap g y

due to the increase of actual production in the past 30 years. And the decreasing rate of
yield gaps decelerated in recent decade. The yield gaps in Lasa and Shigatse were the
least during 2007-2017, which were less than 25%. The yield gaps in the Tibetan Plateau
gradually decreased over the past 30 years because of the increase of actual yield, which
was caused by the improvement of varieties and cultivation management. However, the
yield gaps were still large except for Lasa and Shigatse. Therefore, there was great

potential to increase crop production in the future.

KEY WORDS: Tibetan Plateau; highland barley; climate change; crop model; yield
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T I B A e S DX R AR A, T DR ER SR AR S (Wu et al. 2012; 3
A5 44 1996). fEAEMIAEKT I, MECTHARFEX, iS5 H T R A
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T 30 4K, HiE R AR R, SRR IR BT, BRGNSy B )
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At 2 10 FFWE FHOGIRA I DT A, 45 05 A I XAF DGR A )
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WA B R 3, BRI DR s (Odum 1981).
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M B E ) A KIS 506 A0 OC B B R XA E P P2 B [ 2R . — L4 2235 (Bonnor 1966;
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YK BHAR S IR 2R 00 ERRA S TR BRI 5.3% CREACNLSERE), AT AR e R
12%. 1962 4F, AiffEds HiR X CO2 [FfIEBEFNFEALRE 77 VR A KR (1 52 1
W 25, W25 vk EOGIRA =1 0ok S N B M X R E A =38 71, 42
TR LI R BORST E A A PR TR IE (AFIMERIRE 2002). 1966 4F Bonnor

(1966) MOIGEAE R EEVHE TR A =38 711 ERR .

£ 20 thad 700 80 FAX, FETIHEMNEBARMED A= 1) 2 B R LR G HUE R 5T
P A R, AT 22 fSE [E AR EE, AR T 2 R EMI BT, 55 SUCROS.
CERES. EPIC FF#i8Y, HAEAERTGEIHE N o A RAED A =8 T It 7T a3k A TR
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De Datta (1981) B {IRH“EZM & . Rabbinge (1993) #HHEY &2 H
IREE R 2 AAS [R]85 B P R 11), RI G H VB 7 = A mT 3R A = I ME S . 2009 4F
Lobell (2009) #t—H5H g2 Me, JFmEEE R EMN = T BESEE5 K
JUSEBRFA R ZEE . MBEAIXELE  (2014) K45 T PR ZENE L, HRIEBE &,
AR R R PIBTEFE RmAUR PSERR e i 4 AP RAKCEE AR ZES N 3 NER. A
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NYFAO AE7= it Ep AL, 188 2 . 40 Battisti et al.  (2018) FiZARAHE T
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(EPIC. APSIM. CERES %) 438 {2 NH, FHBCNI AW 54 = 1= 2 2 1
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T A A ERCP 7K Frle el 80 AR, 75 78k a1 X P A5 A Iz AH Eb At th
KB BT R S EERE U ARG K . T 50 4Kk, FREFRKEE
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AR, Fi e R SRR B A A T BRI (Wuetal. 2012), 40
T 9 e SR AL R, EUHE B AT LA B LI O R T K s, R 2 452 2
B (Immerzeel et al. 2017). RXEHEMESE (2015) T Hilm HE AL 106 MR RubiT
50 AR R BEAKE M H IR E S GOS0 75 e L 1965 LR E
BRORBEA KB AR ER RS, kB T 50 42k, (1) FmE 5 RAE
AKKEU BRI 2 W &S, Hid £ 10 4R e 2 B2 T 2 50 4,
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RYVRARAE L INIR . (B2 H AT 7 ks Jo 5 AR 2R KB Be A (191 2438 AT R aE
FIF BRI IZH BAE KK G &R, PSR R R EA N ERAEKAA
BRI AR . (2) FTFURYIT ke R 7 AR R A K Be A B K BRI 25 50 4R (R Fr
FasE, EFUKVIRER AT E X ER- BN EERERZ —. (3) FHileH X
H ARSI AL PR BN, S BOZI Bea KIS T, AR 35 R AIR T %
B B H B B, (HR e s R AR e, S H B e e, D H B 2 S S AR
AR E MR,

1.3 F7ERY (o) 30

ek e JEURE L o AR fr 2 X, AR S BB, SRR, Hil
AL S 2 G BT ik e S AR A R IR AR IR I J T R SR AR BAT R R R T
J1e AT T SARASART A (R RE M 2 4 BT ORI FE A, 75 e B R ) St B 7 B
BOH A AR 10 g S0, DS R 7 8 e et DX A e ot Al (1 52 i R A R oK
5l SR AR ) AT R AR R R IS

BUAT V07 ey S A 73 I A 2 R SR I 8 B 28 4 53k, Mz 5iE AR
PR ZR B B R, HASWH R AHER AR, WG PERcE . L/ 2 R A 5 7%
X ek FOGIR A AT e . AN, FRGE ERER AL B IR . AN IERCE
SR, B VAT ke I BT B X R A 73 05 5 3 R 22 . T HLA AT R
ke R R B AR R TT, M E — B X R R KT B SN SO X
AR IR BLRRRAO R JE 7 77 o

14 MRFR

1.4.1 AR Brx

AW FifE B CERES- Barley B4, @ id /0 A H s Ji 1977—2017 4 (A< K A2
s R LMD G BRI AR IE RIS SO ASEARY,  StoF 5 K v i o R IX el i B R 1
WA= 1 B B R AT, oI R S ds, HER RS R 5Tk
AU BB P B AR B K S SRR BB s RN S A Rt e m AT e R T
AT, MBI R T 98 R SR I 25 40 S5 7 8 22 I 28 20 A R S L 2 S AR A i 2
AR BT IERE, B EiR T aSm.
LA2 HRASE

(1) e 5 G R e = A= 27

i | CERES-Barley 1%, HF i i ARG A =1 77, /3B v P AR R fk,
S, a6 BEGHE, i scbrre e S 2 S SRR BRI R
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Spee

B R

FPPEENXIRE R, i EERE R MRS AT) GiNrEE R . A
BB TR X A, % CERES-Barley A BEATAR HEAIGAE 2 Y = 1
By CERES-Barley 84 fili 5 1 6k 51 S B B I AL 7238 AR B IR EE AR L& s 5T
BT T AR SE bR R B IR HEAT T EE R T, RN T B e T

(20 TR A5 A e S PR AL B R0 Ak

F B 2 DY A A s AR oo TR E B R s A E AR I R, F SRR E
T e R AR PR e S AR B GIRE S PR R BHARST) SEATRUEE A =] 3 4047,
IR A FE BRI X . FEW TR BA A MR ERAERUN TR, 46K
B[] 737 71 S8 B2 RHR N 20 B3k 25 S04 A8 A o) 8 1) R v Jir 75 B A = s SR (M i, 14
TN R PR SRR A B W SRS R . S G TEREI A, i B ER &
TEREAN A F WA S AR B BN IR T 4% 9 R A O A S 5 D A 72 8 i 7 PR R A
ZRA VPN I B SRR TR AR B, B I X ) e R AR P B AR AR A SR
PRI . A SC=F M TLE T 15 X SRR A AR A s, DL 8 R 75 R
WG AR A S A5 A AR e 2 7 R (1 e

1.4.3 FARERE
ANFEARBEMT (B 1-1:

(1) YEETE: ARG S TR LS R SEIREE . SREE A R R
S It A YRR AT [ BORE, BRI 7 X BRI A A RS R

(2)  HEIEUERIR %R, @57 CERES-Barley MM AT B s HOEUR B, x0T 98 X 35
R TE = BT, 45 A RN A KZRAOME . PR FH 4 5 45 0 gt
AR B . A S ANBURR PRI 25 A AR IR AR R T B

(3) G IE TP H SR TR BT S AR A 3 1 75 8 s S 7 R A P e SR I e,
A SR = B RH A1 S K HEAN A IR O B A K B B S AR (1 e

4 ARG IvYE, S455 0 A i T E S 1T 1987-2017 S HER K
SehrrE . @i (2) MR EZNE.
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HEEEER
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DSSAT-CERES-barley
1EHER
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Hib#iREE
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- . 1977—201THESE 1977—2017TES &
ﬁ;ﬁ;ﬁéﬁ? TN ERYRE SHERE A
W BEHET MR
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Fig 1-1 Technical route
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BT HERSEANNE

2.1 HARXER

2.1.1 HIBNE

A5 BELE BT T X O R [ s R X, S T E R A R . R
g, P, Bl =R 6 M (K 2-D. HmIREH A LRER. RAE
BRI R, P et LR, WA HERES = 2 BRI R SR AR 250 S5 FoK,
SPEJHEARAE 4000 DK UL L, AZO0ER 5 L 5000 oK. R SEBR & — 5181 AR T )
B Ak 1 K L B2 ) s i, MR SRR e AL E . At FUE G T 8000 DK
AT 14 &, Hbf 10 FEEPES AR R 5000 KL LR, KERERT,
#HHk (Hordeum vulgare L. var. nudum Hook. f.), JEARAFRIKEE, 7fEMEYELE TR
B RFEZRART, BB R NS BUR 5, FFPRiRER, MORRAREZ. HHEH
9o e SR B o AR E Y, ROENEEE Tz, R T 20 AN L T, 160 ANE, HE
PRIGFIG P SR 4 O 3500 4. BT F e 5 BEAOIR 72 R As0R, AR, S8
AT . H M XIRAHE T HEHEAOX . RS RX . F G F-HE
AT g S A O X A H O T R AR XSS 10 2 REX . E— A HRKX
LA TR ERME AT AL B JE R 4200m BL BRI, B TR S
26T, SECE RS ME—RMIEIEY) . (S35 2006; 5i/hRSE 2011, REA 2008).



5 E HolR SRR

A U%@Wbﬁﬁz =

—— WF5 X3k Research areas

Bl it cultivated land

o e a g 1 : 0 150 300 600 900 1,200
% W55 Research stations A Km

2-12015 FEFESREMMLF (LEXEAARXE, ESARRKES)
Fig 2-1 The distribution of cultivated land on the Tibetan Plateau in 2015 (the red areas are research

areas, the asterisks are research stations)

2.1.2 SAEYHE

T e AT T S E R R v R DX, B R I v R A, R R AR A AR IX
T F AT g R X SR A, T DLR N AR AR R G AR 1
1996), PRI T H ik s L AR 5 it Ak 2 . At sl Hls s 77 M4
vh A 1971-2000 “E (I %50dE, B3 Penman-Monteith BBV HEATAEIL, B iHEAH, iR
s s 30 AR R BT, BEAKERIN, ETEARERK, SARRIUG R
R

ST 5 H R TR A HERA R LR R, AR KA ENE (RPERE
2005). A BTN ISCCP B A SE IR LT 704, s IR IR FE A2 4k 23 k. TE AN
RS 3 AR, A RS X AR TR, T S EIT 600 fFRERL GBRa%E
2001). LG IR 2 25 WA R F BE T T 5 i J5 ) S8 a3 (49555 2003; F53&
NI%%E 2003; WRIEIHRSE 20000, HATEHTNLE R, @05 mHEHLIX 1965-2013
TG S K. 25 50 AR R A B X SR ETHE# 0.53 Codec! BT A
EF3)7KF 0.22 Codec!s RBHIT 50 K5 a5 S A IR T B S, HR

10
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T, MoKIgESR, Rl H IR SR A B2 ES (GBS RS 2015).

2.1.3 WRXE

FE20184E 7 H 16 52|18 H 6 5 I & 1 X5 s R A MV R e o 20 TR 1 e Hh 2% 42,
TGP NPIE R — 1B SR LI, YSCEE T PR A XR O R AR 2 B R
o FEXHEIB AR H A ATHEAT T B AT AN .

W 2-2 FHigls R AR E MR E N LA, FEGs R R AR, A
IR A T 2 0EY), EEAEFR, N RS, WK 2-3 Xk
(AT B it A b e A L, R LG AT DA 5 i v B ) AR M R A T R s T HLAR
ESR AP

& 2-2 BEBBXLUEH RN REEE

Fig 2-2 Aerial view of farmland in Kesong village, Shannan city, Tibetan autonomous region

B2 WA AR &R R AHE

Fig 2-3 Aerial view of facility agriculture in Semu village, Shannan city, Tibetan autonomous region

11
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T I PR OB B A8 UL DA K P 8 R L s R e T b R . A d@iE . T
W5 A 55 8)) ) BRI AR 22 Fh R R R 2T R A B A R, Il EY)
A PR T BT SR RO S AR A e S ST, AT AR T DR R PR B o T R e SR
HERRFELO R, BIHAEREY KPR 325 A ROERE . &AL K F
W SE AN 57 B S5 T, S T e i X RO ST R

T8 e SN AL Hb o3 A0 AR B o e B R B A )2 I 2 A XA T A 5
F— XTI B G XS AT A HIX (Li et al. 2017); 28 —ANXECNH A
AREBIR . R M XA H R A PO R H X PgEMZEEE 2013). 145 2015
A ] ) P DR 8 S B, o A A S X S A R TR o R S D B
AR 55.13%, A ki T B R b S I A 55k 22 8 ds H o0 (hittp:/www.resde.cn)

(BB REE 2018), FHE#FRIX 2 ANMXEH BA FRASWM TR 7 N Ru mAE A
WFFCsE o X 7 N3k A R R A B RS R Ao i L3k 2-1
#2-1 MRESEXEFRER

Table 2-1 Basic information of research stations

. ‘ o H&Fh
B il A Z35-3 25 R
Sowing date
Province Station Longitude (°) Latitude(®) Altitude(m)
(M-D)
H
HEM GTA 102.80 E 35.00 N 2910.0 04-10
Gansu
Hilg 5 GN 100.75 E 35.58 N 3120.0 04-20
Qinghai 78 MHA 101.62 E 37.38 N 2850.0 04-08
M2 LZ 9433 E 29.67 N 2991.8 03-11
[l i SN 91.77E 29.25N 3551.7 04-04
Tibet HE | RKZ 88.88 E 2925N 3836.0 05-02
FiEE LS 91.13E 29.67 N 3648.9 04-19

FEA0 0 g et 4 A AT 21

Sowing date is the average date in past decades for each station

2.2 BIRKIE
2.2.1 HEIREL

SGEEIERIET B R GE Brt i b [E AR SR I SRS, R R
ERE . BRARAIR. AR HBREON oK A, IR | km 2 PR AT 4]
fi T S P AR AR o [ 3K R S B8R 42 (Dai et al. 2013); 1987—2017 ERIH MBSt
FEREHICRIE TSRS CFIESFLE; PG %) 7 MR Tl S E RO

12
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G EE RIR T B KR G5 B A O RRAED A BRI SR R, £ B
BTG T EMSREAEFT (. R B, e, S frE &,

FH A5 FE S SRR T s % 2 K Uik Rk (R4 2018; P 494 2013; HEHE%E
2010),

2.2.2 HIEAIE

ACHIE ST i A AR AN 7] 3 251 1 S B WL I A0 8 RS BN 22 R AR B B R 44
[N T HERAR AT, A KRB R R YE, RS RAEY (S0
Sy Rk 3 ANAFERIN B, BRI (S M I-IF IR (S2) BLRIFIEH-
R (S3); IEH A BT T AL E W PR miE g . PR AGERE . T KR
TEAT AR S R B AU R . B4, AR BRI TR, WSS
PRHEAT 6T, TR BT B T NS

23 IRENMASNH

2.3.1 CERES-Barley & #!fg/y

20 20 70 AR, SR A EBRARMBARMET 28 5E AT TEhniE (IBSNAT) L4
TRERZMEDTY, 18 ALV ER RIS R R4 (DSSAT), AL Hr 1725 Fh
WRRTFIERT, EVREKRREIENRATES R, Hil, ZR2GEM N
AN &) 2 FEIRE R 22— AE3E BV AY T 58 7 B B H %P0 AR R S i
#ill[¥) CERES (Crop-Environment Resource Synthesis, {E¥I SR RIELEE RA) KA
AR DSSAT (B 5. HAT, CERES RABA VRS T XN, KRE. K
FEAK. KE @R L SR E | S MEYBIE 7 (Hoogenboom et al. 1999),
H.A ) CERES-Barley #7%! (Jones et al. 2003) FIRAS ] /K I N 3R 8E N K ZF2 HAE K K
BiEOL. AB7U{ER CERES- Barley f2Y, Sk i J5 32 ZEAHE X I8t s i i A2 7=
W A B K R AT

232 RS RIMIEEMENL S S HRIE

VEVIRETY (AL B 0 FHE PR 5 B RO A 6o TERI AR M)A B A0 —Hf L IX
W, TR NG B SEPR I EE B — BB R, 7RSS UK B X R AT
P8 FHEGAIE, DABR RIS RIS EY) = & AR B ISR RIFIBUKE . (EDEE R bR
E R ERRAEY A S5, NI S EVIR R 1 3E NV . S A S 5E AT DU D)
Az K A BT 25 A B RE AR IR A P A B (1 8L K5 1% (Xiong et al. 2008).  H RIS IEAED i i
SR TTEEEE WM RO BRI 5, SEMHE M S B
P i@ R AR KR T I A o 1 S 0t Xof it P S B A T AR

AHIE 5K ] DSSAT B8 [ 15 1) GLUE XA 1) it A S B0 AT 11, AR BRI T -

13
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(1D SRR FOE R RO R Gt s SR LA Se bR B0 Ok, GAEHERE, &
LB RS B
(2) WSS AH Rty o ) B8 BRI TR OB A, (R A e B B ER A i s IR H SR 2
i (FEQFEHRESRE, HBRRE, KM MENES.
(3) EXAFEMER MM, HATEE S ER .
(4) Gt FRBIRIER, B E RS BT B S

N T BRUFAL Y T HERAPE, i F P4 TR 2 (MAED 7R ZE (RMSED.
H—L¥ 7R ZE (NRMSE). #5E /% (R 4 Fifebs, THHEI7IEWTR:

MAE = ¥, |0bs; — Sim;| (2-1)
n P . 2

RMSE = \/Ziﬂ “’”: Simy) (2-2)

NRMSE = Rg’f x 100% (2-3)

o By (Obsi-Obs) (sim-Sim) (2-4)

- \/ZU (Obs;—0bs ) 227-1 (Sim;—-Sum ) 2
=1 12 i=1 i

R? =12 (2-5)
A, Obsi NSEERWIMEHE, Simi ABANEL, 0bs NIZBrALIIAHE KT, Sim At
PLEHE T IME, n AEUEA KL
HH T e A [l 5 2 (AR 22 S K, ARSI, B B PP
Z HE B . A0 58 CERES-Barley B8 %} 5 B 78 7= | A0 AR B B B AT,
ARG . LIEARE . R A BRI PR S5 AR AR X Rl w1 B 4 ol T
R 2-2 10 7 ANFIEEE SAROME S S I X RS E 0 AT T S HE
FERAI RN 7 ANk A AR (1 R3O . SR R AR A A A,
PG A E AL (RN ZIRED, Hrhulh s M. M. R, B, &
SRS GBS, Ko EERE i GEBR . FER A 7 2O MRYE SCR 5t
Bl M S BRI (AL 2018; B 9%: 2013; FEITE 2010). RS HRHUE)S
iy NEEAS S SR SR iR R 1997 ELRM S SR, K 2-1. % 2-1
RIS R RAE KRR TR 2 7 AR B, DR b A o i i R 2 8
BEATRARL, ARIELO SRR E AR S RF R (R 2-1), R SRR
AR SAE T, FERAY ch N L IERERE AT 1977-2017 SRR G808, BEdL 1977-2017 453k
MOGTRAE I ) SR B K .

14
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% 2-2 ML S mWS K CERES-Barley #RRUEMIGIFHIRE

Table 2-2  Description of values for variety parameters in research stations and dataset of

calibration and validation for the CERES-Barley model

EER G RIS iUE%  PIV. PID  P5 Gl G2 G3 PHINT
Province Station Calibration Set Validation Set (d) (%) (C 5" (No./g) (mg) (g (C+HY
1987,1988,
i 5 ) 1990-1994,
Hfr H R 1989,1995,2006 0.0 221 4129 106 465 1.4 64.0
Gansu  GTA 1996-2005,
2007-2017
pagt] 2007,2009-
s 2008,2014,2017 0.0 245 4350 122 515 1.1 64.0
1 2013,2016
inghai [V 2010,2013-
Qinghai T2 20122016 00 247 4330 122 515 09 640
MHA 2015,2017
=2 1994,2000-
1996,2008 0.0 228 677.1 10.0 40.1 1.5 64.0
LZ 2007,2009
IJ_I‘
SE? 1997 0.0 234 7358 238 60.68 0.8 64.0
[iiF
) 1989,1999.2002
Tibet  H®M 2000,2001,
, 0.0 144 6505 199 549 1.2 64.0
2008
2014,2017
A 2002,2004,
S 2008,2009 o 0.0 234 7358 238 60.68 0.8 64.0

PIV: &R &A1 FiEF BT KE Thermal time from seedling emergence to the end of the juvenile phase during which the plant
is not responsive to changes in photoperiod; P1D: #1241 Extent to which development is delayed for each hour increase in photo period
above the longest photoperiod at which development proceeds at a maximum rate; PS5: FFRIFEZRIIFUE Thermal time from silking to
physiological maturity; G1: FF{& 587 Pk 7 Jii & FIFF R EL Potential spikelet number coefficient as estimated from the number of spikelets of
main culm dry weight at anthesis; G2: A 4514 T FrUEFFHI i & Maximum possible number of kernels per plant; G3: & IAAEM G T 8

PR ZEAARAET i & Kernel-filling rate during the linear grain-filling stage and under optimum conditions; PHINT: 58— F H2E K B fa 1

% The interval in thermal time between successive leaf tip appearances

2.3.3 RERIE FE HUAE LSS IE

FIFHRERY 5 3) (DSSAT ") GLUE J57%) MFShiASHLE G5k, AU A
AR BRI RS HELEXTIX 7 ANl s RS EOEATRE, 5550 s B0AE A 1 S BRI 45
XS o BRI Sk SO S R LI Gl an B 2-4 FoR, BT AR R
AL B WK SSehbr Al L, RN 0.84. 0.80 A1 0.66, NRMSE A 4.58%. 3.05%F1
3.76%. PP B R2IAF] 0.60. H T %1, CERES-Barley AJ 5t 75 5 i JR 75 AR HEAT B4 o

15
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ol JJ8 MHA AH®M GTA <O%m GN OHFEN RKZ OMZ Lz +Hp“FiLm LS and SN

9000 P 160 ,
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8000 B x /// @ ///
S = 150} ,
— N .2 il
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g ’, < o/’
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< 6000 [ £ 140} A
o
= ) A
2 5000 F 3
E % 130}
Z 4000f £
= 4
o _ i _
3000 F n=>54 W20} n=49
} R2=0.60 = o R2=0.66
2 ook MAE =787.05 fr MAE = 4.04
#2000 oo © RMSE = 956.33 ¥ - RMSE =491
e NRMSE =30.14% = Wr o x NRMSE =3.76%
1000 = 7+
/o //
7 7/
7/ 7
O 1 1 1 1 1 1 1 1 ] ]00 1 1 1 1 1 ]
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 100 110 120 130 140 150 160
S & Observed yield (kg-hm™) SN A WIS Observed growing period (d)
210 y 260 ,
(©) (d)
/A | e
_ a00f 250 A XA A
B o
[:t A =
a < 240}
S 190} e
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) 5 230F
: 180 g
= £
3 B
Z  a0f
g 170} 2
£ . e
@ S 210t
= ’ n=>55 =
N £
E 160 | ) R2=0.84 2 0l R*=10.80
= % MAE =105 = o MAE =559
s RMSE =8.59 = RMSE =17.02
1soF NRMSE = 4.58% 190 NRMSE =3.05%
// //
% o -
]40 1 1 1 1 1 1 ] ‘180 1 1 1 1 1 1 1 ]
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RELRFNSLER 53 5 1:1 AN [l JTaF4 25
The dashed line and solid line are 1:1 line and regression trend line, respectively.
2-4 CERES-Barley #2#l=8 (a), £ EHKE (b), FIEH (o), REE (1) 53
IESRELER
Fig 2-4 Comparison of simulated grain yield(a), growing period(b), flowering(c) and maturity(d)
by CERES-Barley and observed data.
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FZEF FRSRSEGFESYEREX

3.1 ERERSRFIESZERED

3.1.1 ARFEE

AR AR AR B 1, A R SR R R I A AR S, A
XS IR AN B, DA K T B o X B g AR e A R 65
ANIAVT Rk R 19772017 SEREK. RS, RPRARSSEEE, 7 T FEARRE T ER
AT N I B S AR AE AR AL 3, R R R 1R A AR 2B 77 R 52 ] o

ARG RS FR A AT R ERAERKS N 3-8 H, PR, e,
BARAIR S FEKEAH BT E TR E R BB E g T ek, FERRAEKZFE=0TC
A RFRE TR H PSSR AT R, FRAE KRR MR S i@ H R K
HASR, THE k@I AngstrOm-Prescott /A 01T 5 (Prescott 1940):

Ry = (a5 +bs =) Rq (3-D

AP, RoONWKPFHERST &, n ASEPr HBEFSIN ], N AHCKATEER H K2, Ra AR
TORBHER ST, HIERLE 0 EM S, as M bs NS, 7% FAO-56, AWt H a=0.25,
bs=0.50-

i {8 Mann- Kendall JESHFL A SRS, (Kendall 1975; Mann 1945) Al
Sen’s 31172 (Sen and Kumar 1968; Theil 19500 *fidt 25 40 B[] )& T R 47K
Ta R RUR BHAR ST S R R T AT o r AR 56, Bk 2 Bk 5 408 FH DA = i
(8] 7 1) A% B AR Ak ) i FEE AT %4 (Gocic and Trajkovic 2013; i# %% <45 2007). T Mann-
Kendall IEZHFLIAH AT (M-K faie) HIZERATEERMIESSAT, FIbg
Iz BT K AR G i o A o AT 55T M=K H Sen’s 152 70 (Partal and
Kahya 2006, #id R Jwtfil t1 58 7oK 7 A2 AL 35 A Mg s

3.12 FRERSIEFIESFREL

e E 75 e JE X 65 AN TR uIR sk, Wi 70 A el sy SR B AR R AL S A B
A MEIHRT LS e IR 65 MBI FE il m iRk e B 22 R BOK, WE ATt ml 20
AR A X, 0 BRI AR X, Bl ml R R B RN 1977 4
22017 4o DRBLIE R 3 07 BRA K ZE A SRIFIE -5 47 PR A2 AL I 20 B mT LSO HY 55K e
JEH BRA K R AR AR A O
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Fig 3-1 The distribution of research stations
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Fig 3-2 maximum temperature (a), average temperature (b), minimum temperature (c) and
accumulated temperature (d) during the growing season of highland barley on Tibetan Plateau from 1977

to 2017
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s R T AR, RERK, FIREAMX FomERrRE, HFE
BRARE Ko F e i B 1977-2017 AR KR PI SR WK 3-2 Fos, ME 3-2 AT LA
BEHEREKFENTLRE P &S RIGEEHFHSE, a8 b AKX
SRy A AR X 35 A2 2 B AR i R B R AR B e, P b IX IR AR A 4y
fio HRKFENFHREBIEREDY 0~13°C, Horh a1 75 i w5 00 & AR VLI 4
X A A AR, A KZPRIRAMET 7°C o 1P SRR WA T 5 A
HHL X R VA X AR, A KRN PR AEADNT 2°C.

FRURAE R AL X R E AR R, RS X RIFL RO S i X R Z 48 bw,
S B HL X AR AT S5 AR KK B TR BB R . s R AR KRN =0°C Y
EAIARIRIE 3-2 (D Fow, RRSAAFEANEEIE b, TREMCRER A, B RS
[Pk i AE 1977-2017 “FAEE R B2 FFES . H AR HES U0 LI 2 H XCR 5 AL 5T
Hiy X A K2 Y AR AR AL Y L & 2000~2500°C -do Sk BE, HiE R TR KENIEE
fEI Y4 ] 22 ETHES, ARUR B S R X TR N R .

3-3 FEEE 19772017 FEREKEZFHRKE (a) RFHKRAEHEZE (b)

Fig 3-3 average precipitation (a) and radiation (b) during the growing season of highland barley on

Tibetan Plateau from 1977 to 2017

T e SR X JE T A, B, M E R K. X 1977-2017 SEERVAEK
P KRB E TR . B 3-3 sTLUE R, i R K B AR il
BERD, BIXIRZERIERE K. 40 FPEKEE 13.8~545.8mm Z[A1EAL, d5
AT HHE R AU )18 PE AL X, B AARLAL T 75 e P S A0 P g VR X PR .
e BB H R R AR X PR %, (HA2R I 25 40 4510 LA A0k AR K TR N K B3
EF, B R E

DK FHAR S I T B2 R 743 R OCHRS . RAEVIE . FkEE M s &S, hTF
Y KRR, T s R oK P s g AR am g . APt S E A K EN
1977-2017 £ K BHARSS ARk JE Bl & 3049.3~4425.4MI/m> 2 [8], M 3-3 (b) EATLLE
o ORPRARS KRB R AR ACHVU RS =, REIRH A, HORE ik il 2 3 T .
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e AR P2 A AR X, R e e S R B AR R KTy, HAR A A R XIS B AR
FORE XA, (HR TR R EOR AR S SR L2 R Y, mTRE RN
FERAF

3.1.3 FEEERIS RS SEEY

WE 3-4 Frx, SRR RFRuE S AU xZE 7. Kb, ST a
X L HERIRLE 3 ANk fCF IR AE 3500 m BAE, S, 2R, <
TEFT H HR A AR 2 v T At 5, AR KRN ORBRAR S 2 AT IA 3 500~4 000 MT-m2. Ak
ZUAR L TIX 3 ANk AR, E 3000 m AT, (HAFERAMIE, RUF i A
e RIS B v T U AR AN R e M Xk e TR 2 A K R A K
B T AR S BUE A KT R ORBRAR ST S A T PRI e SR AR A
ERRH RN TR S Z [RORBRAR S . BRI K EH A R EEER (E 3-4), &
FC T AN RS R 2 B DGR A I A A B A R AN [

#* 3-11977—2017 FEB SR REKFTEASETLIRAEZE

Table 3-1 Trend of climatic factors during the growing season of highland barley on Tibetan
Plateau from 1977 to 2017
FHAR EEARE RIEAE B FHRRRE HIER%
X [ K L)
V& Average Maximum Minimum Accumulated  Solar
Precipitation  Radiation
Station temperature temperature temperature temperature  duration
(mm-dec’) (MJI-m?-dec)
(C-dec!) (C-dec') (‘C-dech) (C-d-dec’) (h-dec)
GTA 039" 0.42" 0.39™ 2.11 19.19 61.28™ 12.75
GN 0.28" 0.25" 0.29™ 29.18™ -19.30 42.52™ -12.38
MHA  0.59" 0.56™ 0.73™ 1.24 -22.70 89.71" -15.15
LZ 0.36™ 0.31" 0.40™ 14.63 272917 65.40™ -50.07"
SN 0.26" 0.38" 0.56™ 1.89 -20.87 47.29™ -13.55
RKZ 041" 0.28" 0.51™ 8.32 -3.70 74.84"" -2.06
LS 0.49" 0.42" 0.78™ 31.42" 24.08 90.64™ 16.84

w5, #0351 IR M-K BERTE 0.01 F10.05 7K 534

** * indicate M-K test is significant at 0.01 and 0.05 levels

HE R 7 AN RAE 19772017 FHSEMIM R R GR 3-1), FRAEKENT
BRE AR BRRIRM=0° C AR ESE BT, AKFENFSEN T
MR 0.26~0.59 C-dec”!, B RA EFIREN 0.28~0.56 C-dec!, 4K T
AR AR IR B e R, IO TR AR = 3 (1 BT HiR R 0.70 °C-dec!s AR, <
BEAEMEABSHEREKEAARIRBEE A, LR E L 3
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PHAEAR MR S 227 1 5

42.52~90.64 ‘C-d-dec’'s BRAFRANERIEY), =0CH AR 1200~1500 °C-d 5t ] i
RFHIEFEKE, HAERNSE TR &R KA 00 SR 250 5 R AR 7238 i
s, HANSRE T A, ARKFENBEKERAR EIESA, 5r fh A 2 82 v
K, EFFIEEE N 29.18 mm-dec! 1 31.42 mm-dec!. AKZEN KPHIESEIEA R FE
s, HRZubik B8 E K, FREEEA 7291 MI-m?dec!s WEERE, &
g L X R A K ZE N R R AR RIS E S, IR &,

221 A 22r B

A% IR Minimum temperature (°C)
P35S Average temperature ('C)

GTA GN MHA Lz SN RKZ LS

2500
2250
2000
1750
1500
1250 |
1000

it Maximum temperature ('C)

AUl Accumulated temperature (C-d))

750 H
r L
s 500
I 250 H
0
GTA GN MHA LZ SN RKZ LS GTA GN MHA LZ SN RKZ LS
4500 700
4000 600 F
~ 3500 z
k= £ s00f
g 3000 E
z 2500 £ 400p
k=1 R=y
<
£ 2000 2 00t
-4 ¥
= 1500 L]
& % 200 H
1000 ¥
500 100 H
0 0
GTA GN MHA LZ SN RKZ LS GTA GN MHA LZ SN RKZ LS

SRRV (A PR (B © PHEE R (O - Z0CHRERR (D) o Rib KM (B) . BoKE (F) o [FEAR b
RAFNG FRRIRTE 0.05 KV EAFTE R E 75+
Minimum temperature (A), average temperature (B), maximum temperature (C), >0 °C effective accumulated temperature (D), radiation (E), and
precipitation (F). Different lowercase letters on different sites of the same table indicate significant differences at 0.05 level
3-4 BEEEREMRMA 19772017 EEREKTANSIES T
Fig 3-4 Climatic conditions of highland barley growing season from 1977 to 2017 at research

stations on Tibetan Plateau
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32 EREEETRMIERZEREREENXES

32.1 EEEEMENZEEE

3 3-2 M 3-5 () ATAIHB G R G REMm I E 2Rk 47E 3 H T3 4 H B
Z 18], 3R E AR SRR AL, HoAthl g R H AR iR . HER T
P 13-21 KRG T, HEH A3 BB R R E A DL K 585 B AR B A5,
DAL H 1 0 6 2 T g R A L IARBL () 3-5b) . AR AE 1A s sy sk 28
et A BAR\H FA),  [FESPEE EVE X0 H e X 5 AR 0 A H R e
X FFAEFH 2 H IR, DU V6 DX Ak s T TR0 sl B

O si-90 O 96-105

Qo1-100 O 106-115
. 101 - 110 . 116 - 125
@ - @ 6.1

(©) )

Anthesis date

© 166-175
Q 176-180
O 11185
@ 156- 1%
@ 1-198
& 3-5 EEmEEREKTEIZIN =B/
Fig 3-5 Spatial pattern of highland barley phenology sowing in Tibetan Plateau
R 32 EHEEERERLETEZMEN
Table 3-2 Average phenology data of highland barley in Tibetan Plateau (DOY)
Ve Fe iy tH e 3 THE B
(Phenology (Sowing (Emergence (Anthesis (Maturity
date) Date) Date) Date) Date)
7 i-) El /E;
THIBH 101 117 189 231
(Average date)
i
(Standard 16.0 15.2 11.3 13.2
deviations)
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BT AR S 2 SRR A E B 2R, SEERARAEKBMEK
P EAA B2 R TR S H B 17+4.8d (3R 3.3), X FEHLR
THEF H BRI RE PR IR AR A . MBS A A b, E R R R R e A
TR DA B 25 M 220, PR B R A T RERR R 24 0%, T HAh ek S X FH R
BRI AT 18 Ko IS TR ELENAEKREN B, WNHIKE,
T 5 e SR X T R A o RN 7127.9 d (3£ 3.3), (HANEM M2 AIFEfE R E M ER
(K 3.6b), B H EE M X FIRRZE 1 X P35 Dy e Kok 1) 74 KRB L, i oAt X
ZAEB BN 64-67 K, UL G KRN AN A DX I B St ol R AS [F] 38 B
T BT R AR M o WTFIER AT B, A2 T B BT R LN,
ZMBCE Y DI 43+6d, {HRAN [F0G 2 BB B I ZE R ECR (B 3-60), SR
L FHL DX I B I 48-49 K, i FoAhh AU B DR 45 RULUR . HERREAEE
WITE S B EAAE R EMEE S, FA BRI H e X 38— 120d 247 5 mT BASE AN AR
KB B, i 7E Ho Atk s AN E B I ELF) 130d LB (B 3-6d). FTAWF 70 s AN E
BIF B N 13149.1d (38 3-3).

E 3-6 EEaREERIEAEKME LB XUZEERE
Fig 3-6 Spatial pattern of duration of highland barley phenology development at different growth

stages in Tibetan Plateau
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R 3-3 Hie R E A A RKH B BB R

Table 3-3 Average duration of highland barley development at different growth stages in Tibetan

Plateau (d)
L FEFh—H v B —IH THAE— A EcascE
KB
Sowing to Emergence to Anthesis to Sowing to
Growing stage
emergence anthesis maturity maturity
H %
17 71 43 131
(Average days)
PRt
(Standard 4.8 7.9 6.0 9.1
deviations)

322 BEEEMENZIIEE S

WA BRI MR 2-2 WEIREFE AT, AN 6 by, St TJE
i () BRI A H B AR AT S, oA T TYRSEER AT 1 11.9 d-dec 1A 3 B 27K (p<<0.05);
TR ERAAHEAR (1 55 S PU Ak £ g )3tk 1) 42 28 KSF (p<<0.01), 17 HSF 3 HEIR B[]
BT 13.1d-dec s FARA v I 32 SO R RN IR L 00 B SR R R YU . IERR I B
15 5 F AR A RRAL, R S R A TR R IPE TR S, TR AR AT T
13.6 d-dec (p<<0.01), TIRHS Ik i B IUHER A 54 H W D00 7 bR o 11 S AR [R] R 1A 281 2
ZIKF o

TR H B 0 4 2 BEUSCRIIR E  h  BF FU R B AT W )l ) A B 46
R I BB ZE 7K (p<0.05), ~FI5HEIR T 5.0 d-decs T MM ANHL = 0b T AL
[F) R R AR A E R R IR BB K, HoAt ik f I 9 PR AT 35 R A R IE 31 i 2%
Ko A E S RO SRR AR A 38 S5 TR E AR L, (B SR . g A e D) =3 p
(PSR IR B T 82K (p<0.01), BT E 6 X Hh X 5 RS A B
(KA54k o SR UG I R Y F3E R0 T 18.3 d-dec’, L% 3k I A AR T 16.7
d-dec™, I PR H VA X A [R5 i 2 8] TS0 {5 R 2 R0 R4 it ot M R R 8075 R ) e
e 2 LR AR T A AR

g PR FURIA, TE 1989-2017 4E[], AHIFEIFFuh AU RRARFI T, AT, A
WA R AT AH R AR AR 5, 5w RT T TR N i AR AT, T Atk 32 2
SHERER . BTN SEERA R EK R EO BN K T2 BT 6
ANt AR HE T H 2 B A bR 2l Ah S kD A, R R N S S 4 A T
1.5d-dec”! AR B ZEKF (p<0.05), HHHAZITFIEHIP B RIFE 3 2 2 Rb s, |
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e TR AR S, H T TR Ve ST B 2 PR AT, S S0 Ut e ST A )
KT 10.2 ddec! BEIREKF (p<0.05). FEEMNIFIEHIFFLER] Sl R A R0k
A3 5 vl R AR A SR B 8 2 KPS R uli DR D Jl A ) 2 B, R st
ZAE BB 4K 14.5 dodec s 1 30 4EE], RES A (BRBLEEAIT TR AhE R
BANEF YRGS, i ik Z bl 3] 7R EKFE (p<<0.05), 73514 14.6
d-dec! #1 7.8 d-dec’!,
= 3-4 EREIAREE KN ERTLES
Table 3-4 Trends in mean phenology durations of the different growth stages of highland barley in

Tibetan Plateau

Ve A B
Phenology Duration of growth stages
0 A . Y EM—mME HE—IHE T E— &4FEH
2 RN o , _ , ,
Station Maturity Sowing to Emergence to Anthesisto  Sowing to
Sowing Emergence  Anthesis
Date emergence anthesis maturity maturity
Date (d-dec™)Date (d-dec™)Date (d-dec™)
(d-dec™) (d-dec™) (d-dec™) (d-dec™) (d-dec™)
HEE M 1.1 -0.4 1.9 -0.5 -1.5° 2.3 2.3 -1.6
Ay -3.7 23 -3.8 -18.3™ 1.3 -1.5 -14.5™ -14.6"
FA -11.9" -13.6" 3.4 -10.5 -1.6 10.2" -7.1 1.4
Mz 2.1 4.2 -1.6 -8.3 2.1 -5.8 6.7 -10.4"
H e | 13.17° 12.47 5.0 53" -0.7 -7.3" 0.3 -7.8"
Prp* 16.2 14.6 6.8 16.7 -1.6 -7.8 10.0 0.5

* RN BIRIREIAE p < 0.05 Ml p < 0.01 KTEE

3.3 Fie5iTie

IS 255 E R 1977-2017 T BRAE K Z= N U S5 A1 F0 1989-2017 475 ER ) {5 4]
ORI LRI, 3 2595 96k e R T AR A K 2 N AU S R AR T AR KIAR fk, X R
{2242 7 R . WA R JE L 25 40 AT S E A K F AR . RICA
PERIRRE B, BARSIR BT R R TP A R R . Rl AR K
WBEKE BT, RN ORBHES & TR, X555 m R B AR R aHES (R
QP 2005; GRREFRE 20000, HFECT R RSB AZL.

T 78 2% B AN 5] 3 i, 2 1) 5 BR B b H IR 200 T BB Ak A, T E Fl i a] —
PR TS S AR AR BRI o 1 TR F T AR K 2R X SR A 0°C DL B AR I 5 3
M TS B & = AR SRR A A AN P A B SR AT, PR AT T 11.9d-dec™!
M A B BAK FEOR BT, BB A RS A5 AR IR 7 SR (R AN 5200 T H 6 Uk B AR
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AR AR B ETHE R Tzl SRR G, R A SO E R
A AR PR, DRIk 1 0l % A SR S v 50 10 S 2 AR W] RESE H T b P A 2 R
AR $ i ) S0 5 58

FET e e JE L X B BRAE KA G ik R R AR S, 05 SN B T
SN KE D u A A K R B E RSB S, BRI E—R b
BeA R A N T 4 e, AR H T R S BT E LK T e, 3 BUT E—R T B
BWgEE 2. T ZAERBIELTHERERN B, B8 KRB AR T Hm &7 &
e . PR 23— D o M AR AR B AR KIS0, T 70 RE 75 18 1 v R ke
BACH AR REA] PR R = B, T BRI D 2
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FNE BFRESEEFRESBAMLLIES

4.1 XREFBOMETHKESTHRELES

4.1.1 AREREFE

9 N DR A A A S b o IR 2-1 Rl AU AN 5, AR
P RIE T B XA G5 B i B i A 2okt HE SR AR, o T35 A 1 km 73 9F
2 18 T e ot T Ot AR ) v [ KR S5 5 5 (Dai et al., 20135 7 MFFTRS 2L
FRAE S S EHERIE T H RS54 B0 AR EYAE B IR IHE S F R,
PRI 26 RPN AR HEE AR UF SR, 20 BT S S R HEFN ISR s A A 2T
KO AR TS 88 K SRR (BEPAT 2018; TP 2013; FETTE 2010).

AW S A S RV BUB M 0 AT F — BB 220, vk Re e KRR b JE R S A
FOAEE K FOGIEAE P2 J1520 (Lobell and Asner, 2003), AR N:

AX; =X, —X;—,, i=123..n (4-1)

X, AXiFORTESE i FE X R —NER, X3RRI ¢ M RFS) X HIME,

HH X 525 -1 FHME. Ak, AR REOTH S R “Hmisc .

412 XREFBIATHRTHLEDR

HHE 4 o8, HE R 1977-2017 FEA A 2 [AGIR A =8 1 2 R Bk, 1M
SR GIR A I 1, IAF] 11338.98 kgrhm?, [JYRMDGE A IRIK, R
5662.44 kg-hm?, 1L sl P GHR AR =38 1o T TR 2 %, FEEH T IR A K
A AR AR B AR SR 510 78 T TR A 11.5%A01 64.6%. BEAk, H g ol 715 6 4R
FEWE 714 5875.43 kg-hm. $RFI U N 6027.44 kg-hm?, #R23k )y 5898.78 kg-hm™2. H I
Mk A 10 425.59 kg-hm2, FigEuR 7266.17 kg-hm2, 43552 LG IR A= F11)
51.8%- 53.2%- 52.0%. 91.9%F1 64.1%. A% I 8w gkt o5, HRE
KN AR PRAR S BB s, DGR A 723 Bk .

F A AT T 0, H R MR TR (el AR = AR 1977-2017 4F (8] 23 T,
gl 22.96 kg-hm™2-a! F1 22.4 kg-hm?-a'. TMARZ B GIRA =B I EE %, 1EEN
10.25 kg-hm?-a'c #EARAE 3500 m e 45 1)k s i AR 7238 O Aa e, ARkt il T
SAFARA S EOIRA = s (B 4-D.
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M GTA Ui GN ') MHA
12000 4
10000 Slope = 22.96 Slope = 3.04 Slope = 29.40
_ P=0.004 P=0.831 P=0.0022
<_ 8000
£ 6000 4 A A e 20002 sate 10 Lo 2sag- - 2-co - RN O W ., prest, 0% o S
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a ope =-3.41 Fel - [T o 1lird S 0A1)
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4000
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Bl 4-1 FESR 19772017 FEREBE=EHTNES
Fig 4-1 Trends of photo-temperature potential productivity of highland in Tibetan Plateau from 1977
to 2017

413 FEHKESMRTILEE

Bl AR TR BB AE T 1977-2017 FEHFRIIAE & KRB E 3 B,
HH LR AT AT 0, ARSE R X R AR B WK R, FrAul s reEsR 1| FEFh A e s
BN, % 40 FERAEFTKEYEESE (P<0.01), FRHIEE N 0.257-0.843 d-a’',
o, YRS AE B K EAE R R, TIA 0.8431 d-ate IXULHITERE AR 1251
N, FE 40 FEGEENSET A AN ERAE KR RS, AARMERZE T
B B TC B 3 2 5

[T/ GTA Ui GN '} MHA
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H
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Bl 4-2 FEEE 19772017 £ERE FHKETHEE
Fig 4-2 Trends of growth period of highland barley in Tibetan Plateau from 1977 to 2017
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PEIL A AR R B SR8 3
42 SIERTUE B EKE RSN

421 S EHKEMNITESE

A 4-2 A WK AT T 1 I R R TR I T e e SR G IR A P
JIFAE R & uli s 1977-2017 FHF AT K, Wt S um 5 S R LK & E %
HFREEKE.

422 £ HEAXSIREFZ AN S

HE 4-3 7750, FRRATHKESEEH NI RFEFHREAMEC, XEHE 5 H
5 AR DT B R AR A . B R e R AR R, Ak s A B K R S A
F o ARAS R, 2 8] 52 S AR S M AR FE AN [R] L 35 P A 1 s X~ 357 3 B AN 3
MRS F K EREAME, HAEKREK, Sk X S35 & m iR g
AR KA 2 O H A S R K, X FEEH T SRR L, HF
YikmBEN A2 SBUE T AKES . Bsbrl s, WREARMH M A
Drrga, HAE 4 EE R R T ARKEN PR A SRR A E LR, e
T8 P B v P e A ] 45 M X 3 3 R B TP i R T S U B K R A

APS  ATmax ATmin APrec ARad ATave AAe

g |APY| | <048 049 037 044 035 039
s |APY| 040 039 055 034 035

1 |APY| SS9 0.41 046 055 | iz

MHA |aps 067 064 EOSINEEE roon corrlation
M |[APY 0.21 m 1o

i |APY - -0.5

SN laps 083 079 o3 [N = 1o

F | APY 030 0.56

RKZ |APS 068 044  -0.40

¥ |APY -0.35

LS |aps (0781 059 o3¢ | SO NSO
APY: GEPREN: APS: AEFIIKIEAE N ATmax: KB FIRBOAENL: ATmin KB TIRICUIENL: Abrec: %K
FUKEA: ARad: HKFRIIARAN: ATove: 4 KFTIRAEN: Me: HKFHUREEL,

APY: Photo-temperature potential productivity change ; APS: Whole growth period change; ATmax: Average maximum temperature change in
growing season; ATmin: Average minimum temperature change in growing season; APrec: Precipitation change in growing season; ARad: Radiation
change in growing season; ATave: Average temperature change in growing season; AAe: Effective accumulated temperature change in growing
season.
4-3 SETUSHEEFBNFEFRAKETH (P<0.05) HHEXEHK
Fig 4-3 Correlation coefficient (P<<0.05) between climate change and photo-temperature potential
productivity and growth period change
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U FRE R R
43 SIRTUIIRE B DR

43.1 KmE BN SUREFRIEXE S

)i ibuie gl e nc e~ N // 73 i F T W RS = gl R A = R DO EP S TG o a7
BRI AL 1 SRR A 7 AR HEAT AR ORPE AN [ 0 o Pl T30 R A rh P
PR 5 A A R B 2 B DL, IEEERR AR KT IR A1
MR T, XGRS E A F UK ATES EIA M. hE 4-3 ATH, T
BERBARM SR S TIIRAH R ek, DGIRAEFE D SEFUIRKRE R MR, SiRE
ORI 7 BRAEAR R, X R WMl 5 AR B IR R BETE i A2 B AR AE KR
B, BRARARRSBUEEIIRES R, EXDGRAE BRI E I E K. e
Pt FOGIRAE AR S A TR AR T N, H A5 R B A R R 2
B, Ui iR RO AR R E, AR AN eI A R e m AR AE K 2L

4.3.2 SEimHE =B X SR E F a9 R
HR 4-1 AT, AR RPN R BHEE S GIRAE 7238 035 B35 MU, (HAS[R] s A
PEUBFE EEAN ], B 1 MIT-m?2, SR AE P27 7175 1.60-3.95 kg-hm?, H 4R =,
X B 2658 S5 5 PR R R PR IX, A B S 0 S A 7 s 7 P U B o
# 41 TR SHERABESENTUSSBERFHELETSE

Table 4-1 Stepwise regression equation between photo-temperature potential productivity change of

highland barley and climatic factors in difference stations

it A
[J977 2 Stepwise regression equation F R? MAE RMSE
Station
GTA APY=31.78+2.37APrec+1.60ARad 9.90 0.35 412.72 509.26
GN APY=11.74-597 29ATmax+2.99ARad+5.37AAe 9.52 0.44 394.69 510.40
APY=14.15-672.45ATmax-428.09ATmin+1.11ARa
MHA 9.59 0.52 377.84 486.23
d+10.10AAe
Lz APY=-17.52+270.49ATmax-1.90AAe 1.39 0.07 260.90 322.67
APY=36.93-890.86ATmax+773.67ATmin+3.95AR
SN 2.82 0.20 620.33 759.47
ad
RKZ APY=-0.86+3.87ARad 18.46 0.33 542.49 416.02
LS APY=-18.25+2.36ARad-3.68AAe 4.55 0.35 329.92 416.02

4.4 F51THL

HEEM - TR 52 AR 20 i 6 IR AR P28 11 P R4E 6000 kg-hm™2, $75%355 4 7000
kg-hm?2, HWEWFILEGEE )Y 11000 kg-hm?2, @l 40, G4 =i 15 e R
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(1A SRR AR . F e E R, RN R AL PR, 2R
AR A 0 2 P 3y T IR A PR R . X S AP R G AR PR T B s EE S AT AN [
(Wu et al. 2006), it B 5 j8k 51 S5 A [\ 5 i 2 [BIERORN 26 B2 22 50K, [ it A oA [ i
PSR FR 2 v Vsl s AR 0 ) 3 R TR R R

FETCK EME BARMIHAL 2500 T, H s i R RBE R AEK AT
I, G Ead 25 40 AT B A E A E KA R E 50 BIREBR M . SR A
FIRSE A, FERAERKFNA SRR ACEEE A S SR e SRR T
PR RIR T E SR LR S R R . S A DG AT K R A B T,
2% 40 FEHE A KIS TR (1) I 1L B AR sl i )OI AR 9 ) T
RO o AH NIRRT SR R, Rl A K PR S 1 T P R BRI S
WETRE, TR ERD (92 2014), AR APE T HE. HRGKRE
vl RTPRBHAR ST & P IRIEE R, &3] 72.91 MI'm2-dec! (3R 3-1), HMRZuHEiEA
P R ERRS B2 A, RMuEsod 2 40 SR EER A= ) B T .
T FEAth sl R T OK PEAR S & T BRI FE A, K PR S o0 I AR =0 T s /N

W H R St R AT TRk A AR AR Y OR PR S AR BB, DGR AR P8 UK
MAFRE o Hr 2 T ek e JE A b At X T = 28 X (RS 2008), M FE T mAMY
OV A B I FE 4 0 AR PSR S R BRI Re ), SO e — @ R2 B BRI T HRIgEE
TERL, s&hnth 3o AR IF LR HER I IA], S mAr RV 28, $2 " 83% /1 (Chen et
al. 2013, [KlUGHR BAR I 5 i R AR AL X 3 25 40 SRl AE =g 1 Sk 2 B3
Fto XMW DSSAT-CERES-barley BAEE [7/EY). TIEUL SR EI AL FH
BRAEK R G RIS, S0 R AR =8 7 WSOl SE D mf . dad PR B VA X i kot st
T AR = D T N YR XORIRE ) 2 AR s i N, BRI AR
i 52 K SR 8 SR AR AR SR AR 0 0 R R, R T e R AR A R DX O A R T
EFe X EVERTE BB XOGRA ) P4 14000 kg-hm?) H A2 %A
fesgm 2 EIHESB RS RAR EFEMZE 2015, U RAZR AR EOLRAE
PR E I REE R, THEEDN, (HIRERR, X ERAEK KGR RN
FE, HIbSE BAN GG T HEs R S AR IR A = ), s e R AR
KIRZE o AHE SRR AH RG2S AP ARG A AR S5 B AT B I S5 20, R DR 2 5
o JE X AR S RN B /L, B A T SR ) S R R R B A 1987 4E, A [R] A
HREAIAEL . BARMZE RS SBOGRA B S R e, R
TR AR T T HERR AR LI S 45 S, AT DU 88003 B AR AR AR TR AR P T RS
AN 2 B 5 58 vy Jo 5 PR il A 2 3 0 BRI 2 23 A R AR FE HE I AR R AR AL 5

SEA TR R AR S AR S AT A GBZ4E 2015, XIBEAREE 2009), #KJL
| T PR A D G2 T R R ) 7 R L DXt 2 b 8 R A R A Y W
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TS TR Z s T KR T S, KBRS RS, RAOCIRAE B I Re4k8: T
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TIA G 32 SAEARAC IR, R AR IR AR SR 4E R R K T
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FLE BRSEERIFRTE. FEESKRA

1t

5.1 ERERETRERSEX IR WAINE N

51.1 R B SHIE

WSS AT E A = s, o e B RIEE AR 5 SR B R LS, Ak
S U T B R BRI EY AR P SR AR s R A TR B s B —8ohE, R @ ANy
AR PR 25 SR AR AL E A2 R i s i B A B m e e o DRI SR IR R T
R 21 hETTRE. S, FREN. R, HEMRRRE NSRS Sk b,
ANk BRI R RS B 5 = ALK TR A R R 2-2 RIS IEEE Ty
SV

PSSR AT AT R, it LT AR R T AR
SRR T RIS, WAL G A ISR AR (38 2-2) KR BB 4T
FEAS AT, HA R G AT ) = B A SE B R R AR A B G R AR IR

512 ERAREKMERSIZTHES

T B PR X — A R 10 3 AR ZE DY A4 RR, BRZEEN 8 H 4t Tk
AR, RLE A F Y R s s i R . B LR, B 3-8
A HFERE RSB R R ARIR G S, HI R m RO AE KRR E 74 T E
BRI . ERH RRAN R B KR B B BOR U ARG B B AN R, BRI 1 IR N B
HoJE EARAE XS B BRAE P ROSER 75 20 5 BRAN R R B B BUT SR A AL S L2 mi AT At
Fo AWFFUMRYE BAR IR BB LT R AE K R BRI BN EF IO T 3 A
FIRBTEBG 7 alkt: #EM-HE (S, WE-JHe (S2), JFHE-s (S3) ik
BANEFY M-y, S0 3t 4 SR EAE KRB BORBEAT 73 BTt 72

HAERAFAE KR B B AR AT R AEFREAN LT, RIKR
B (Tmin) MR EHRAE (Tmax) ££FR I TIEAMO P ol fl 8 23 ks, o Hmg .
B B A H R M A A TR BE G I A B 1 B2 KT (p<0.05), 11 e il B 9 H
VU H R bR 2l ik B R 2 KCE (p<<0.05). BEANAETE W, K PH AR SRR Y 7E KT
or i R RS, (HAR RIS B R K.

THARMEE R B B B, SR IRRE A AE H e WUt R I g, T A i
JEAE SR ol 3% TR, Ehprul 2R A, FAthmh mUi e v AR MR I
ARG AR AL B 22 Ko AN [R] 3 e (VTR AR A R R 21 T w3 AR R B B I
SN R, o 52 S o S A0 R NI R S, (2 B AR S e A e )l
FEAZI AR K & 2 BB M IS (p<<0.05), HRIX ANl s M B i AR 7= A (. 3%
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PEAZAE, AR D - BT S A AR B B I 5T B AR S

HRHRMHE RN B, BARIEE (Tmin) AR &R (Tmax) 7ERR T TIHA SR
CAAN ) ALty s R 2 55, AT Tt P B (R S 35 PR i, i Ve Uk 1
RATRANH BN AR i s R, AR R E YRR IS . 2 B KB TR
SRR B F VEARAGEE S, T TR B K B AR S Bk B8 2 VE R I 3. i
BN KK B RKE (58 3-4) XF HR] AT TR 2B BUI R O 25 1 38 72 Hh B B
P B TR PR AR B i 16 O ok P g e v UL A 2 I TG i 1 B
P o UL T BT AR BUR P B S IR B B P By 2R

HARMITAE BRI B, S AR B i FEAE T ol A 2 B a3, e 5im
1 DU R M ) B AR R AA B R 2 7K, i e e IR R A H Rl A 1) 8 2 0K
i 5z BUAE WKL (R 3-4) X HUR RIBRZ AN St g ol iz 0 BUAE B IR 2 B3
VgD, HAXPIAN sl R R B4R S AT I B 825 D o BB AR M AL 21 B
PR ERARIR T R S BOZP BOR E VAR, RN S R B R A s>, HAZE
BONE R B A B EE 1, AT 200 5 BR e 2877 B J 7 T 5

*®5-1 BRARIEKMERSIRELES

Table 5-1 Trends of maximum temperature, minimum temperature, radiation and precipitation in different

highland barley growth stages

BAEFH T (S0) - (S1)

, ) R ) R
¥ 44 Tmin Tmax (Ma J(}m' Prec Tmin Tmax (I\/IaJ(}m' Prec

(C/dec) (‘C/dec) , Jdec) (mm/dec) (C/dec)  (C/dec) , Jdec) (mm/dec)
I TJ8 -0.04 -1.41 158.91 13.42 1.71 -3.81 -128.29 63.77
it 0.45 -0.06 -217.10 -9.59 -0.54 4,01 -15.94 35.30"
Huzl  1.19™ 0.53" -221.79 45.57 2.13% 0.82 -17.93 7.12"
b 2.65" 2.96 316.33 -30.81 2.94 3.74" 36.90 -6.76
HEM 0377 0.51™ -13.69 -7.22 0.33 0.57 25.13" -1.11
W= 0.38 0.83" -136.36 -78.08 -0.10 0.79 58.95" 428

HH-RAEIH (S2) FAE-RCGAER (S3)

ki 44 Tmin Tmax (};;J(jm' Prec Tmin Tmax (Il\{/?J(jm' Prec

C C C C

(C/dec) (C/dec) , Jdec) (mm/dec) (C/dec)  (C/dec) , Jdec) (mm/dec)
[ YR -1.20" -1.22 354.31™ -47.69 1.30 0.05 -78.10 15.53
pigea] -0.11 -0.32 -6.63 -55.20 2.49" 2.81 '19224 16.00
Hugl]  1.44™ 0.69 -201.51 45.41 0.44"™ 0.21 -1.65 -1.32
A 2.98 2.94 -34.81 20.60 0.75 2.03 316.35 -13.92
Hrd 0.26 0.37 44.01 5.20 0.52" 0.66" 31.14 -11.19
wZ 0.68 1.47" -40.26 -31.89 091" 0.39 -155.13" -52.12

* RN BIRIREHAE p < 0.05 Ml p < 0.01 KTEE
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5.1.3 AR RER AR BHES
F 2 5-2 FIAIT: dfy R AT WL DN B 4 03 (36 2-2) ) R e 7 M 2175-6895kg ha !,
K BN 827-3000 kg ha'; P78 1315-5207 kg ha'le 2 JL-H4E1R, B H w0
b AN E R R IS, BRI KB R B ER K 60.7 kg ha CHEIMD, HHE
FA M b I HaA 2R K (p<<0.01D)
*® 52 MRERBFRTERLLES
Table 5-2 Yields and trends of highland barley in different stations

o qE T AL & R E B Ak 3
S 1 PifE 2
(kg ha™!) (kg ha™!) (kg ha™) (kghalal)
P/ 4575 3000 3681 562 452 0.04
] 4500 2700 3808 588 49 0.01
H & | 6487 2698 5207 1232 -26.1 0.04
hri 6895 2625 4403 1572 179.1 0.18
H M 4846 1125 3240 1049 60.7" 0.31
wZ 2175 827 1315 454 7.2 0.01

kR IFROREBIE p < 0.05 A1 p < 0.01 KFEE

514 BRXIRFEESERFHIEXMES

B TR B, e AT B R B S SR T A R A .
KRB FLIR BT R AERK KB 4 D EZENSURE T, oal: SIREE (Tmin). &
i (Tmax). KFHFEST (Rad) FAFERY (Prec).

R EREK KT UL BRI EEZ SR 72—, EENMEKH B,
DU AN s o P B AR IR FE AT R i R IR AH DG, [k I Vg U RO 5% sy s 7 At 3l e o
MR R 2 IEMHEK, (HEEREREEKY. SREW, &E£ILTHFEIERR
XT 22 Hh U E R B INA A E R, HEMEE T H AR R, SRR F R E
AR /N o AEFEFD BN BB, RSk U AR S e B ARG, Ha
P BRI 57 B 2 B AR (p<0.05), HT1ZM Btk & 5 L7
HrEt B2 B, ScA B E 2518, (HIE REFh 20 H i B A Y A 28 A
ST S A TR R RN 8 R A K . T H B A8 AR B R = S AR T 3 A e R
Wil o FETTAE B AR B, A2 H B b i, R 8 5 &R B 835 1R (p<<0.05);
MAEDT Rl i, s R S E 7 B2 B K (p<0.05).

*5-3 EREESENEEY, Haded, DEIARANFLERAPN&REE, KSR
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&, KFA%EGTFIFEK AR KM
Table 5-3 Correlation between annual highland barley yield and minimum and maximum
temperature, radiation and precipitation in entire growth stage, sowing to emergence, emergence to

anthesis and anthesis to maturity

FHIR FR AL BAEFY (SO FEA-HEH SD
Correlation Tmin Tmax Rad Prec Tmin Tmax Rad Prec
Coefficient (‘C) ('C) (MJ/m?®) (mm) (‘C) (‘C)y  (MI/m? (mm)
I T 0.04 0.07 -0.38 -0.61 -0.65 0.09 -0.41 -0.46
B -0.55  0.09 0.44 -0.42 -0.11 047 -0.51 -0.49
H ] 0.13  -0.12 -0.34 0.56 020  -0.09 -0.21 -0.21
e 026 -0.13 -0.11 -0.03 0.72°  0.34 -0.16 -0.14
HE M 0.12  0.01 0.12 0.02 -0.18  -0.02 0.05 -0.40"
wZ -0.60  0.03 0.11 -0.72" -0.40  -0.41 -0.16 -0.28
FHIR AL HE-FHAEEE (S2) THIE-R#IH (S3)
Correlation Tmin Tmax Rad Prec Tmin Tmax Rad Prec
Coefficient (C) (C) (MJ/m?) (mm) (C) (C) (MJ/m™2) (mm)
18 -0.10 022 0.07 -0.91" 0.16  -0.29 -0.25 -0.15
LR 031 0.22 0.46 -0.10 -0.69"  -0.48 0.63" -0.33
HEg 019 0.04 -0.37 0.50 012 -0.57" 0.01 0.38
e 022 -0.31 -0.51 -0.21 -0.16  -0.13 0.32 0.06
HEg M 0.06  0.06 0.34" 0.07 038" 0.09 -0.37 0.08
wZ -0.61 -0.20 0.25 -0.22 0.15 0.44 -0.02 -0.57"

* RN RIRIRHEABLE p < 0.05 1 p < 0.01 KFEH

K FHAR S AR O AR VB RO B3RO T RERRIEMUK 0 26 4F . B FES5 AR,
HRKIAES 5 EETAR, EEREREZ MK, iaE 2 il HE xR
FIGERGTE AR . HH R W BT E R R B E AT 5 E AR R 2 82 IEAR (p
<0.05) . FETFAE RN AR B, 51 R uli K FHERST 55 B B 2 B35 IEM KRR &R (p<<0.05).

WEFURBL, Fmm R X AR S B AR SR BON R 2%, th A IR AR
AR DX RE R 25 AN R], i ELAR o3 vl L AR R SR B AR S 2 AR G, (HRAES
ZAMT, BEWESKMPESEA IR KR, WpRUire W Ewm2 i EE s
SOMUR FHAR S 264, IRAERERE 261, BB IEE A SRS T, BT~ E
2 PR BHAR S 25 PF RO 2, WIS 2507 ek ey S K8 2 il e PR35 AR e 5 K B 2 1A
RRF (p<0.05) o 735l [ T AE Y HT BT e A Z 3l TP A8 21 AU i oK & 5 5
PR E 2R UK (p<<0.05). AR H R M ulifE M 2 H E IRk ES TR E R
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REFHIR (p<0.05), W% HIFHARA K E 252 R AR 2T, K H R
3t DX A 1 T B K 2 AR T B R

5.1.5 ERELF~AE SIRETFHINE Sz

AW FOERRIR MR 2 5 HENU ., H MR Z AN S, o iR s
¥ W S R L ) A S IR e (P3s a V- AL LT N 7 1 = B S A El
HT7 R AR SR T CRARIREE, fesiiE, KFHARSAPERT ) X S o
BARENA R

Yd,; = Bo + Bryear + ByTminit + B3sTmaxit + BaRaait + BsPrecit + €it (5-1)
L, Ydie RRBFHA 1 £ t FRFRTE, (RRARED; Bo R il MK
PEXS =R MM B RN B ARG K S, R Tk AU LR AR, B
AR A e DL FEABCR S S KX R R s Bos ABEIRSEL, RRAE
SAERF X PP BRI ¢ NIRZEDT; Tminito Tmaxit Radig Preeie 7 AACERM &S 1 7E ¢
FTHBAFRAGYH CENMEEH, HEERE S, RE SR SN 1
3 B AR RS, A Rl R, K S A R e Y

I E S BRI, PUASSE SR, BEE RS R AR K R B B B e il B ) 3
I, EASE S ER B N SR AN E F R SR E T 1C, R
/> 800kg ha! UL b ; {HAE MR Z b 84 Bl i =il s 1°C, P& 987> 413kg ha'!,
[ B 12 0 2 I B s R R T 1°C, PR 253 kg hate H WU T AE 21 R
W B f i B R T 1°C, PR R R/D 800kg ha! BA b o S A i 7 H R N A I H R
PNl S BRI AE B BART Be iy 1°C, HRR = &5 13900 310 kg ha! 1 1600 kg ha!
DA bo (HRIEMZ 0 SO B B e s R T & 1°C, HR &8> 713 kg ha'.

PO 3l s AN R A K 0 D0 B B 0 S e . 442 5 WIRE K &5

FhiEr Tmm, H RN 53 AR 2 F B B 50 Al k> 5.5 kg ha! . 12.0 kg ha! Fl1 23.2 kg ha!
[ B PR 2 3k L BT TP K BT Imm, PR 3.1 kg ha'le BT 0HF73H, K
B4 S 0 0 R B R Sl 7 A A AN R Rl BT AE B K B SR S P oK T s IMT,
R~ By I TH i 2.1 kg ha' F11 5.5 kg ha''s
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B 5-1 F5EEE (RREE, &SRE, KMREFMER) SIEMNTR-ELNK
Fig 5-1 Yield change of highland barley (kg) due to climate trends (minimum temperature, maximum

temperature, radiation and precipitation)

52 EEEERERGITFESH
52.1 R B SHIE

AN T A TR R HAE R IRE 22 1 R B S o, B H R 2% 30
ERG P ERAT o, EBEH M. SRR, TR ML . B AR pE-EA
X 1987—2017 FWF RS 1T = EE I 2T 408, Eds 32 2R IF Tt X T e sl 2 2%
SIS (HESGUHEE, 1RSI F5).

522 BREESITFETILEE

T R 1987-2017 AEFRR 7 Nl fUESF R = (AR S B 5-2 Bs. 7 ANt
Fuh FE RGP B 2 30 R BB IR R BE K (p<0.0D), 3
iy 33.5-215.1 kg ha! a'e ARZuN EIGIE /N ES Rl PG B N H
Mkt 2 = HEF T8N 6914 kg ha'!,  FLiZuk AU B R B s 1k A
IR 3 Gt 7 S At i, BRI 8 2663 kg ha''.
W72 B, dE PR B E 3000m PA_E R« H e T AR 553 e 1 7= B A B e P e v
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KT 90kgha' a'', RYIIXEES, mix B R KK B ABIF RS, Hbh ik | Ak
P B It ) SORE AR I 25 = 4R ) TR 35 IRCR
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Fig 5-2 Trend in yields of highland barley at seven stations during the period 1987-2017

53 BRERERNTE

53.1 BIWBEFE
IRV 4-1 Frit & EDOGEA 21 71, 456K 5-2 + 1987-2017 EF B Se1t 7
=, oA HEMN . . TR ML . BN E BN S e B, LS
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TNk BRI 2 40 SRR 22 NI 2 O A REE S LSz S AR I R e, AL AS ] R
P ZERE, B ERR S A AT SN 0 7 i 2 AN P s 22 AT T
AEXT = 22 BV ST VAR

Grry = T2 % 100% (5-2)

A, PY RCIRAETHE T, Y ONSERR &, Gery NGIRAE T 715 5K brr 18]
IS e

532 EEEIETIR 1987-2017 =&

RG22 30 FHERLIRG = E5RE, 24T 17 1987-2017 5= R 5 B &
(I 2253 Ao I 5-3 A, AN[EG R TR N = 22 22 AR, DRI JE i it e AR G
7= iR 22 A B T DURE B S AN )35 s 2 TR 22 00 o BRARZ G A4, a2 30 4R BL%
WA 7= 5 SRR e i TR AR = i A BT, R SERR e S &
/N E BRI . RS R 1987-1996 S GIRAE P28 )1 5 52 br s B 2 Ta] (AR X
PR ZEAE 45.3%-65.6%, v L IME N 58.2%; 1997-2006 £F FIAHRT = &8 Z 1E 25.7%-56.4%,
i SBME N 41.9%; 2007-2017 FAHX = EZELE 15.6%-47.4%, 3 SiBME N 34.5%. i
PRAST i ) g DUl e AEG P i 22 AR AR B oK, 2007-2017 SEAHX &2 A 15.6%,
WD 41.7%. HEMRZ 5L 2007—2017 FEAMXS =& 221 Frigm, BN GIRAF=E 15
TP EAEE 1997—2006 3594 Pl DR 1 RIS E5ORI K 53 5 559 110 S 25 980/ D IS,
AN 36 A %o 7 B 22 PRI 4.0%

12000

10500

9000 |
7500 b 57.78%  41.20%  37.77% 6427%  5644%  39.88% sss70,  46.99% 15.32%

59.37% ' 26.69%  30.72%
6000 |
o} .
3000 f

7 Yield (kg'hm™)

1500
0

. .
1987-1996 1997-2006 2007-2017 ~ 1987-1996 19972006 2007-2017 1987-1996 1997-2006 2007-2017  1987-1996 1997-2006 2007-2017
HEM GTA Bt GN [T MHA HzLz

65.62%
49.71%  47.38% 5729%  3636%  1563%

I 56.11%  2570%  23.26%
I W E R bR R 2
L Yield gap of photo-temperature

12000

10500
9000
7500
6000

productivity and the actual

yield

b4t Actual production

74 Yield (kg'hm™)

4500
3000
1500

. . . L . - L L
1987-1996 1997-2006 2007-2017 ~ 1987-1996 1997-2006 2007-2017 ~ 1987-1996 1997-2006 2007-2017
i SN H 0 RKZ I LS

B 5-3 HEER 19872017 FERBEES IR~ EXTLLE
Fig 5-3 Comparison of photo-temperature potential productivity and statistical yield of highland
barley in Tibetan Plateau from 1987 to 2017
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533 FEENFEMEER

I TR A, AR TR AR FIH RN sl AE g ) B BB,
EMREER /N AR, T8k e 5 R AR = 98 R SE b= s AR AR e, T SRR PR ' AR
b2 30 A I KA R, FEUL £ 30 I8 FH 5 5T PR A P B2 H 58.2%
Zi/NBNH R 34.47%. Kb B ELERE: (1D FMKFEmE, HRFMEE
T (2) BB SE AR (3) FEKTF K GEME LR P Rr il )96
PR (BFEME 2013; 538/MKEE 2011), HHRAE B, ANESSZ BN EEZRR
Ko HEE IR 5E1E 2007—2017 8] [1)7= EZIE ] 25% AT, HAhu = EZ K
T 30%. MIFE] B, B 30 4E 2T 20 47 = EZ %0/ 16.3%; i % 20 FF2iL 10 4,
FEEEARN 7.5%, RAEER 50%, K7 #2450 B2 R WA HER BB
FrgE 2 A, HoAfthth X 22 5%—10% )7 & 22 = [A) n] i /K I8 PR S he it iests o i —
W hp /NG R AR R R 2, o] DUS D IR A A B AR B s KRR
ROR ST

54 FiL5He

T e i X ek 2 = AR AR G p RIS A SRR B, AN [k A ()RR R S
PME RIS IE B N 1315-5207 kg ha'!, TR IFFEEEIEF, AR S22 AHERGH -2
1987-2017 75 R P= I (E AL IR E N 2663-6914 kg ha'. Wik B&, k=14
) T R = B AT AN, P RE VA DR = T 3500m (- X B 72 5 iy o AL FE R
i T SRS E AR X 30 X B B K, R 33.5-215.1 kg ha!
a’l, R /NIE RS IR S, KR SR EHLIX 73 Fe ANy, P VA X 1)
PR M DX L N S N X, TR AR L 75 2R SR 0y e 5 DX 14 R
/N,

IR F DR 6 MR, 70 1989-2017 FHERE 54 F IS
FZRTHRR, SRXHFRAFEK KT W B 0 s A R S 2 BTt
s, H5rEgsr iR, RigE A H R N s R T R 0 B B IR FE I o
FRP= B A ARARAE A, T D% B w6 3 s S S AR B T = AR T B = T
AN AE B A LA I A B BN B s i T s 2 S EE R 2 T . A R
073 XA [R] A2 7 B B /K 3 oo 5 R P A T s, J DR R R S RN )
DI R RERE SR AT AN R, ELES 7l fU 3 AR B 5 ORPRAR S 2 B E IEAESG, HEESRR
FUT, FEWES KRN BE AR, FEEWE M2 0 A A 2 fmm KRH
FE S 2K AT

WSS 1987-2017 FHRG & 506l it EAX g 2%, nad X
30 £F 18] 35 5 i SR AR - AU AH 6T 77 22 1 58.2% 45 /N B H AT 34.47%, BRAKZE 3k i 4k,
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