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1. Agricultural yield risk: concept,
classification and feature

[1 Concept(#t

Crop yield risk was defined as the degree that farmer’s actual
yield differ from the expected yield for uncertainty and bounded
rationality.

Emi;ﬂ}iiﬁﬂmﬁﬁ%?‘ém?ﬁﬁﬁa%‘ﬁkiﬂﬁﬁﬁf_ﬂiﬁ, ARV AR 7= H) S B = 1 S TR
HAPIIE/X o

L1 Note @iiH)

Most crop yield risk was the consequence of adverse Weather.
However, crop yield risk is not the same as natural hazard risk, it
also depend on other factors such as variety, investment and farm
management.
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1. Agricultural yield risk: concept,
classification and feature

[1 Classification(G&5))

Agricultural yield risk was refer to “in-between” risk that is
neither highly independent nor highly correlated (Skees and
Barnett, 1999).

and it was also considered as the mixture of two kind of risk:
non-catastrophic risk and catastrophic risk, also known as normal
risk and extreme risk (Ker and Coble, 2003).
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1. Agricultural yield risk: concept,
classification and feature
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2. Agricultural yield risk assessment

[0 What is yield risk assessment? (XU A A i)

Assessing the agricultural yield risk involves determining the

probability of loss and the expected level of loss when losses occur.
More formally, one is generally interested in a measure of the PDF
underlying the events that trigger loss. Thus, the concept of
modeling yield risk for the purpose of assessing yield risk is fully
analogous to modeling the probability distribution for the crop yield
In question (Goodwin and Mahul, 2004).
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2. Agricultural yield risk assessment

0 For normal risk(a# xS )

® Although the normal risk occur frequently, the consequence result
from it are modest, and most values of some indicators that can
express the yield risk level, such as yield loss mostly are located at
center region. thereby, traditional (classic) statistic methods were

reliable to modeling the normal yield risk.
® The basis idea is to use historic yield data to derive the probability
distribution of normal yield risk

HARARNVZE P R R S AR R, ERRIGERRIBUREA R, BV
R B BB SR A SR TIEMTE. Rk, AHARKRE B RBRS
VTR T DA AR = MBS AT 4 P A

X R AP MU REAT DA (A AR R IR vt 22 059, R B [ s Bl
SRAGIUAR AR H A7 R IR A A




2. Agricultural yield risk assessment

[0 For extreme risk®u X Efh)

® Traditional statistics mostly focus on the laws governing average,
while catastrophic events could lead to severe consequences and they
fall in the tails of specific distributions. So, it will have misleading or
biased if modeling extreme risk using traditional statistic approaches.

® Extreme value theory could provide a promising solution to modeling
extreme risk since it is primarily concerned with the quantification of the
stochastic behavior of a process at usually the largest, the smallest, or
the events over a threshold.
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2. Agricultural yield risk assessment

[0 For overall yield risk( 2= X6 pEh)
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3. Approaches of Modeling yield risk

[0 Modeling normal vield risk( #RsE Ab iliv (17 575)

Basically, th
be fall into two

Under this approach, a specifically prior distribution is selected
firstly, and then it’s parameters are estimated based on the observed
‘ S data using MLE or GMM approach
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[ Parametric method ]ﬁ
SR

[nonparametric metho
405
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Advantage: work well when the underlying distribution
Is correct assigned. also have better Performance when
sample is limited. fLsi: &EH T/AEATEOL, MO HEAE
I AT RBOR R AF

Weakness: have a prior assumption that one know the
correct distribution which is not true in reality. may
result in an imprecise prediction and misleading
inference Wk ii: fEAEsRio RO, A MM, Hr-EiRzE
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3. Approaches of Modeling yield risk

[0 Modeling normal yield risk( XU SLR1K) 5 )

Basically, the approaches used to modeling normal yield risk can
be fall into two broad areas, parametric & nonparametric methods

X E A P U REAT U B YRR AR /] LUy A ZECARS BT VA R

Parametric method . ——
SR Advantage: free of functional forms and distribution
assumptions, impervious to specification errors and can

result in more accurate and robust models. 1. AH

EZET% ]

PARAY

Weakness: reliance on a large sample and has the
potential difficulty in measuring rare events.
T A T FA TR A B AL

It is an alternative approach to modetingcropyield distr routions,
and the simplest one is the histogram and the commonly used one is
the empirical distribution
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3. Approaches of Modeling yield risk

[0 Modeling extreme yield risk®%:i X6 B A5 7515)

As the study of Hao(2005), extreme value model have obviously advantage in
modeling and assessing extreme risk then traditional parametric method.
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Extreme value theory (EVT) dates back from the late 1920s to the early
1940s and have been extensively applied in many subjects during last several
decades. From 1990s, the applications of EVT in modeling financial extremes
have become more and more popular since early 1990s.
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Generally, there are two principal kinds of approaches in modeling extreme
values: the block maxima model (BMM) and the peak-over-threshold (POT)

model.

BAEMNE, REFERTUSANDRR: ARAHEE (BMM) ABBREHREE (POT)
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3. Approaches of Modeling yield risk

[0 Block Maxima Model (BMM#i#Y)

« The BMM approach focuses on the statistical behavior of the
largest or smallest value in a sequence of independent random
variables.

BMM &R RIGAE — RIIMSLBENLEAF - R RER KA RS/ MER — MR ES T 57

« Assume M_ be the maximum of the process over n independent
random variables with a common distribution function F,

M. =max{x, X,, -, X }

pP(M, <z2)=p(x <z2,%x,<2,--,X <2)={F ()}
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3. Approaches of Modeling yield risk

[0 Block Maxima Model (BMM#i#Y)

 Normalize M_ to get a hon-degenerated limiting distribution

(exp{—[1+ EETHYYY when £ 20
lim p(e =A< )y _G(2) = T

N—00 O

exp{- exp[—(%)]} when & =0

Where G() belong the generalized extreme value (GEV) family, p, ¢ and ¢ are the
location, scale and shape parameters respectively. G=Gumbel when & =0, weibull when
¢ <0, and Frechet when & >0
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3. Approaches of Modeling yield risk

[1 Peak over Threshold Model (POT#i%Y)

« Since BMM only care about the largest or smallest events, it is an
Inefficient approach if other data on the tail are available and of
interest and too narrow to be applied to a wide range of problems.
POT can compensate such shortcomings and be used to model all
large (small) observations that exceed (fall below) a high (low)
threshold.

HTFBMMER R OGE T RAEEERME, SJBATBENHLERHGE RN, &7k
BN T . 75, RAREBAESEAME, BERPFEAEBN R RAE R
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3. Approaches of Modeling yield risk

[1 Peak over Threshold Model (POT#i%Y)

« Assume u is the threshold, then the stochastic behavior of these events
whose values are greater than threshold (u) can be represented by following

conditional probability function. ErEubEE, NHEAEERELZ EREAESETE
f, Homn] T AR REEER,

1-F(u+y)
1-F@u)

» Pickands(1975), Balkema and Haan(1974) have shown that if the block
maxima have an approximate distribution of GEV, then threshold excesses
have a corresponding Generalized Pareto Distribution (GPD). The

distribution function of (x-u ) conditional on x>u can be approximated by,

EAEMRIES, WRBMMER R BRI SORAE 740 B8, TR R R FOAE 2t R A\ — A A B
K1~ X B R sr4 (GPD) , RMEZ EREARFEX=uZtt T K240 R EON

P(X>u+y[X >u)= y>0

Hy) =1- @+ 2y

Oy

where o, = o+ &(U—u) 16




3. Approaches of Modeling yield risk

[1 Peak over Threshold Model (POT#i%Y)

* In the POT model, the determination of the threshold u is crucial. Too low
a threshold is likely to violate the asymptotic basis of the model and lead to
a bias; too high a threshold will generate few observations left to estimate
the parameters of the tail distribution function and cause high variance.

FEPOTHA T, MREuKIHE M HPOTHRRIG RIFBUIRFIRE . RERKSEEEEHEERS
AEHERE, PEmE: M SNREXSEAAHEERSTET D, SBURSRRE.

e Threshold u can be determined by mean residual life plot (Coles,2001),
goodness-of-fit test (Gumble,1958) and bootstrap method (de Haan,

1989). Among them, mean residual life plot is the most popular approach.
HE REU TR REEwE . IMLEREMAEE, HP XUE—M&AHEH.

= An ideal mean excess plot should be approximately a straight line in u
with slope ¢/(1- ¢). Empirically, the locus of point {(u,iz"(x(i)-u)):uqm} IS
termed of the mean excess plot. AR

— A EERFHREENIZE —EE U, #EANE/(1-8)HELZ%. SMREAF TS
BAE (x-u, x>U) BB T F%RER.
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3. Approaches of Modeling yield risk

[0 Parameters estimation of GEV&GPD (W f# i ()
ZHALT)

« Maximum likelihood procedures (MLE) can be utilized to estimate

the GEV parameters and the GPD parameters given the threshold u.
X TR AARAE AL AR UG, AR At vHEEER W] LU SRAG v PIAR Y s S 4

» The log-likelihood for GEV distribution is,
GEV A B B LR e BB RN -

InL (s, £,2) = -nlog(e) - (A+1/ )3 loglt+ EEE)]- 2 [+ A E

» The log-likelihood for GPD distribution is,
GPD A HA R BN -

In L(oc,¢&) = -klogo —(1+1/§)Zk: log(l+ ¢y, /o)
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4. Case & Application

[1 Normal yield risk evaluation (&= KT

lHlustrate by an example: Corn yield risk analysis and
evaluation in China (H1 [E K4 = KU 20 A APEAL D

[1 Extreme yield risk evaluation (4= XU PFAl)

lllustrate by another example: Extreme Rainfall risk
analysis in Jilin province 58 M B XU 2 M PEAND
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Case: Corn yield risk evaluation in China
Sl —, A R OKRAE RS A M

Background (&5

Corn is one of the main crop in China ,and the Corn Belt in

China is from Northeast to Southwest.
TREFETFEREEY 2 —, FREEREZo M AR — P MR L2
R R 1 o

The acreage and production in Corn Belt and-,

whole country s ‘R
L PEX ORI B A e [ =
N < .
Corn Belt Nation %erce'nt " \3 Y
\\“8%“ IR
Acreage (104Ha) 2213. 43 2464. 0779 89. ©
wj Migiile - =
Output (10%t) 10826.44 12114, 795 89. 4% e {J
- {“’“(r"w/
Average of 2000-2005 | <
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Background (&5

We had selected eight province as the sample of Chinese

Crop Belt, there are Heilongjiang, Jilin, Liaoning, Shandong,
Henan , Sichuan, Guizhou and Guangxi )

FATEI T A B B TR T =X IFEAACEE, 0l B, 5
M IDTE S RS TR DS ST

The percent of Sample acreage &production to Corn Belt
JE A TR AR 5y B XA

HLJ JL LN HN SD SC GX GZ Sum

Acreage 9.5% 11.8% 7.0% 10.6% 11.3% 5.4% 2.5% 3.2% 61.4%
Output 8.9% 14.0% 8.2% 10.1% 13.8% 4.9% 1.6% 3.1% 64.1%

Average of 2000-2005
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O Analysis approach(s-#775i%)

Step 1: Collect yield data and got the relative
stochastic variation (RSV)
g WUER s, THEARXBENLES (RSV)
a: Modeling the yield trend use LMA
A B8 8 V- 32U EY) =i
b: Detrend (XG4
GRAEY) R H S
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O Analysis approach (4r#i75i%)

Step 2: Select candidate parameterization of yield
distribution for different regions

20 RHZHOTE, AR G € G318 1 5 o0 A 2

a: Compare the skewness and kurtosis of
samples with the moment ratio diagrams
R 2 FEAS I D B2 L e AR By B LU 3R B R T LU

b: AD test
ADTi 5
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O Analysis approach (4r#i75i%)

Step 3: Using MLE to estimate the parameters of
yield distributions ,then got the PDF & CDF for
different regions

FH=2 MR KRBRMETHEGTE S = 0 TS, 15 21 FEACHI R
S L PR BN R PR T R AL
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Analysis results (/#r455%)

The histogram, PDF and yield distribution
of these sample is:

SREAAE RIS o0 AT H 7 Pl W 15 ok ORISR o AT ASLUL I i B
2%
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» Heilongjiang (Weibull distribution)
T (IRMWeibull 7377 )

14

12

10

o N B o (e¢]
| ! ! ! !

f(x) =4.2873x
() (1.7575
xxxxxxx B

)6.5350

x exp[—(

25}

1.7575

)7.5350]

2T
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» Jilin (Normal distribution)

=K ORMIEES )
’ (x+0.002014)>
f(x)= exp[-
0.2952 0.0277

O B N W b~ 00O N 0 ©
I NN NN I N N N E—

27



» Liaoning (Weibull distribution)
L7 (M Weibull 734D

X X
f(x)=1.0836 = (- 3.1316
(%) X (2.89) x exp[—( )10

2.89

14 1.8 T

12 16}

1.4}
10
1.2+

0.&
06 F
0.4r

02r

o N N o o'}
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» Henan (Welbull distribution)
W M Weibull 5 #i)

X X
.I: X :10455 15212 e . 2.5212
) X(2.4114) <expl (2.4114) |

10 15

e

0.5

D 1 1 1 1 1 1 1 1 1
03 02 02 015 01 005 ] 0os 01 015 02




» Shandong (Weibull distribution)
L% (R Weibull 547

f (X) =1.0428x

)3.0047 ]

X \20047 X
XEexXp|—
(2.8814) Pl (2.8814

12 1.8

D 1 1 1 1 1 1 1 1 1
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» Sichuan (Logistic distribution)

)1l (iR MLogistic/ 4 )
x+0.002068 x+0.002068

f (X) =0.048335x e 0048335 (1_|_ @ 0048335 )—2

12 55

g )
45f

35|

25d

181

05r

1 1 1 1 1 1
-0.3 -0.2 -0.1 0 0.1 0.z

0.3
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» Guizhou (Logistic distribution)

st IR LogisticZM ) o000 x—0.000298

f (X) — S A998 @ 0049286 o (1 4@ 0049286 )—2

12 5.8

104

-DD.A'l -D.I3 -D.IQ -D.I1 DI D.I'I D.IQ
0250 -0.125 -0.000 0.125  0.250
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» Guangxi (Logistic distribution)
14 (iR MLogisticZ>Ah)

20

16

12

f(x)

1

~ 0.051701

X e

~ X+0.000622 x+0.000622

=2
0.051701 X (1_|_e 0.051701 )
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Case: Extreme rainfall risk analysis in Jilin province

ESVIRSTE R ¥ A A R

In fact, the yield history data should be used to modeling
the extreme yield risk as mentioned above. But, there are
few yield observations that excess a given threshold. So, we
just here utilized the maximum rainfall data per day of Jilin
province to show how to use POT model.

HE b, BB EEPONH, BAOINZFHREZ LR R EEE
XA A FE RS BT PR AR . R0, S R BIEREAE A B
ARKRZ, BEE—RENIREEHEE D, B, AEFPFIHE
M4 1956-2007FE FREKZFT HHEKFEWNEEIEXT H R 1t
KEREEGHAT IS, XA B AR (A 28 PO TAERY I M A
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Summary of the maximum rainfall level pre day from

the twelve weather station in Jilin province
FTe EHEME12ARRNEFEHMEKEX 1 MERBIELES

i) Average median s‘ra.-nda?:d skewness kur tosis Max imum Minimum
deviation

il i B 251 354.99 303 166.63 2. 349 7.263 1310 209
o 251 355.13 304 162.12 1. 794 3.371 1045 200
GIED 251 346.90 304 145.65 2. 251 6. 310 1062 215
;4% 251 359.87 331 224,07 3.841 19.154 1887 238
by B 251 381. 31 321 187.96 3.0097 15. 266 1715 218
5 170 251 438.67 363 204. 50 2. 006 4,105 1304 262
d A 251 411.85 360 160. 16 2.103 5. 477 1193 271
1 {0 251 109. 66 370 154. 78 2. 358 7.331 1289 267
HE 1] 251 424, 33 381 142, 74 1.861 4,252 1156 280
AL 251 357.91 335 187. 26 2.687 9,143 1524 237
DY S b %0 251 161. 74 407 188. 64 2.642 9. 640 1571 254
L/ R A ] 251 372. 27 326 160. 89 2.873 11.301 1387 239

Average 396. 22 342. 08 174.62 2.49 8.55 1370. 25 245,00
Minimum 346. 90 303 142, 74 1.79 3.371 1045 200
Max imum 461, 74 407 224,07 3.84 19.154 1887 264

SoUTCE: MAM(2008)




Mean Exess

The determination of threshold

/P e N—t

The mean residual life plot

Oy
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Once the threshold u was determined, we can
estimate the parameters of GPD using MLE
approach. The parameters and distribution
function of GPD is,

R REuLLE, BATHA] LA AMLE A4S TH ) BRI
SIS HUE, BRIHTMRECN,

o,=17462 ; &=-0.1173
1

X
H(x)=1-(1-0.1173—2__)0.1173
) ( 174.62)

37



Wodd

Retum levsl

Model Check/#iHEk 5

Probability Plat

on o2 04 08B OB 10

Empirical

Return Level Plot

2000 /00
1

500 1000 1500

o 1 10 [=]x]} [a]=ls]

Retum period (years)

Empirica

Cuantile Plot

(=1
L=l
= ] . s
(=1 =
& o
- :—s"“
2 4
-
Q
=
T T T T T |
=00 [-Te ] T =00 =00 10000
Ilod o
Density Plat
=+ \
(=]
2 -
[=1]
g - [
[=1] '\-\..,\_\_\_
g h_&_
g =
(=1 I 1 1 ] ¥

Bs #aBthimfEkasHE (215 PPE. 00 B. Return Level EH. #iFEEEEH>

Source: Han(2008)

38



Extreme Rainfall risk of Jilin Province
F 1 POT KT SHE X REEKER

Numb scale shape
(=34 par par El:‘U,:,jl
N threshold BXCE R (mn) 100-v prec
mm
TH E Std. WLE Std.
Err Err
0 #yy E 251 620 15 21.8 300.95 105. 5 -0. 318 0. 25 228. 3 1482. 70
g, i B 251 520 20 20,1 233, 34 79.0 -0.470 0. 28 158.73 1104. 66
il 5 251 530 23 33. 4 228. 47 75. 16 -0. 265 0. 264 180. 32 1286. 46
4 251 140 62 90. 2 148. 21 31. 48 0. 372 0.176 236. 00 11869
Fo ey B 251 750 7 10.1 {29, 11 339.08 -0. 203 0. 73 356.6 3043. 2
% %0 251 T00 29 12, 2 287,22 91,68 -0. 358 0. 27 211.5 1462. 11
Ao diar 251 720 13 18.9 251. 58 147.90 -0. 381 0.536 181.75 1343, 22
1 §i1] 251 650 15 21.8 301.05 102. 24 -0. 384 0. 248 217.52 1403. 16
HE f) 251 140 i 112.9  174.62 26. 76 -0.117 0.103 156. 32 1430. 37
WiT 251 660 17 24, 7 116, 75 152. 79 -0. 429 0,271 106.92 1663.03
POoF-M% 251 TB0 12 17.4 02, 38 159.92 -0.370 0. 343 2093. 43 1778. 42
Wik 251 590 19 27.6 274.05 85, 46 -0.173 0,220 180. 96 1768, 47

Note:

N.. TH=number of the observations that excess the threshold #8id R{E K14

Ex R=Excess rate per year ER/KEBEITRMER LR
E(U)=mean of the excess value against threshold &7 & &4 5P RKF
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5. Discussion & future plan
e S b TAEFT 5

We need to investigate the relation between
extreme weather events and the yield loss,
then we can evaluate the crop overall yield risk
using traditional statistic and EVT approach

T3, BATFEREBIEDRFZKE. Rmdi s 5=
%3# M EZ ERHBEERR. X, FEAIFEE
NS5 2 & W i S B AE P il A8 7= XU 7K S PR
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