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I. Introduction

* An environmentally sustainable economic growth in agriculture
can be conceptualized as trying to achieve improvements in
agricultural productivity and reduction of greenhouse gas
{GHG) emissions through the adoption of green technologies.

* Traditional (conventional) methods to evaluate the
productivity performance often neglect the influence of by-
products of the undesirable outputs, such as GHG emissions.

I. Introduction - cont.

* Traditional productivity measures can lead to a biasin
evaluating the real productivity performances when taking
environmental impacts into account.

* |t is necessary to employ an environmentally adjusted total
factor productivity (EATFP) indicator as an alternative measure
of agricultural productivity growth.

* QECD suggested the EATFP as one of the key indicators for
monitoring progress of green growth in agriculture,

# Green Growth is an approach to pursuing both economic
growth and ecological sustainability and moving toward a low
carbon-green growth economy.

o
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I. Introduction - cont.

* Objective

To apply a Malmquist-Luenberger (ML) productivity index as a
measure of environmentally adjusted productivity index in
agricultural sector by taking into account both desirable
{agricultural productivity) and undesirable outputs (agricultural
GHG emissions) together as opposed to conventional measures
considered only desirable output.

II. Historical trends

Trends of Total Production in Korean Apriculture: 1093-2011
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* Annual Growth rate: -0.98%
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II. Historical trends - cont.

Trends of GHG emission in Korean Apriculture: 1993-2011

20000
i ’_—’——\‘\\ ———
Em Total
B 18000
L2
i 12000
< yo000 ‘_\_\_\__\
g Croj
% B00O - = 3
E oo ———— == "SR S e Livestodk
2 000
(]
2000
o
™ -t B o -~ [=:] [=3 (=) — ™ ™ b d [} o =~ m o [=} -
B BB H# B B B3 83 888383888 35 8
- -4 - - - - -4 ™ ™ ™ ™ ™ ™ ™ ™ ™~ ™ ™ ™

Sowreoy: Owe alodeiios Bt o Ty &

= Annual Growth rate: Crop -1.7%, Livestock 0.95%, Total -0.71%

II. Historical trends - cont.

Trends of GHG emission per farm household: 1993-2011

By O cEcdator Baal o T L

* Annual Growth rate: 1.15%
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II. Historical trends - cont.

Trends in Total GHG Emissions & Total production: 1993-2011 (1993=100)

Lz Total production

oo

BD 1\\\L_ o
B0

1993=100

m & g o~ m o - = [
E 8B 88 ERHAAERRREGRGE
Souwro: $0%5 DL et omaace clirmaice in B rmot
* Annual Growth rate of TP and total GHG emission
TP: -0.98%, GHG emission: -0.71%
I1. Historical trends - cont.
Carhon Productivity (McKinsey Giobal Institute, 2008):
Carbon Produchivity = Lo pncuifural production
Level of emissions {CO: eg.)

=100
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=i
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II. Historical trends - cont.

Trends in GHG Emissions & Total production per farm household: 1993-2011
(1993=100)

10 Total production

40,0
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1000
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B00

1993=100

0.0

m ® 1 Y o~ @ o - M m W [
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Sourco: 4051 D', ot omasce citeaice rParsol
* Annual Growth rate of TP and total GHG emission per farm household
TP: 0.71%, GHG emission: 1.53%

III. Malmquist Productivity Index (MPI)

* Malmguist Productivity index makes use of distance functions to
measure productivity change (Caves, Christensen and Diewert, 1982).

<Output-orientated Malmguist productivity Index [MP1)>

Y
CRS frontier

T in period 2
CRS Eronticr

¥z I period |

Y
xy, x4, X

Based on average change in production for two periods given technology

frontier
s

L
. I'-".j”“’“'._’l'“']_.d'."l}'A
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II1. MPT — cont.

MPI is defined as the geometric mean of the twao:

1 1

’ ”rrr{xhll._'r'nl} J'JA"I{.‘;'”'._L"”]';' -f-}BH'{l’”L._'r'”I} Df.lf.rr.}":l H.!_u{-’fh’._'-'“lj F

S0 =T Pt M) DEFY (2, 30} Di{T, v BE Mt ) Rt i)
EF firiency Chinge Feehacal Change

* Efficiency change implies
change inrelative efficiency (i.e., the change in how far chserved
production is from maximum potential production) between yearst

andt+ 1

* Technical change implies
shiftintechnology between the two periods

IV. Malmquist-Luenberger(ML) Productivity Index

* Malmquist-Luenberger productivity index introduced by
Chung, Fare, and Grosskopf {1997), Fére, Grosskopf, and
Pasurka (2001)

- MWNonparametric approach based on directional distance function

Dhx v b g, gy =supif (¥ + g b - fe) e Px'))
where g={g, -gu/is odirection vector, O is the moximum feasible

expansion of goods and reduction of bads at the same proportions fora
given level of inputs, and the goods ond bads are aosymmetric

- Credits a producer for simultaneously reducing the production of the
undesirable output and increasing the production of the desirable

output

B e - e
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IV. ML Productivity Index - cont.

* ML Productivity Index

the peometric mean of the two

Technologyof periodl  Technology of period 2

1a1 [1 + Byt bt gy, "'-‘J’-‘a” |:| + By bt .*.r.-."rln]':l
Ml = : 4 :
' (1 + 00t b gy —gy)) (14570 b gy~ )
(1B bty =gn)) ({10 bR = )) (1 B (06 e gy = )) [
MY = - - — = - -
|:.|_ e n"’[}'“".ll"“!_ﬂly _:"_\-J} {. & f:"[}".l'r"_l_r,. _!'Jh}] |:|_+ f:ls{}'l‘I.!I""!J-,-__ﬁh-].]

Efficiency change Technical change
The ratio of how each obsenation The geometric mean of the
is closeto itsrespective fromter in changeinthe production
terms of proportional increase in possibiities frontier.

goodsand decresse in bads.

IV. ML Productivity Index - cont.

* Efficiency change(EC):
* EC = 1indicates a producer is atthe same distance from the frontier
hetween the periodt andt+1 (i.e. no change inoutput efficiency
between the two periods)

* EC > 1indicates a producer becomes closer to the frontier in period t+1
than pericdt (i.e. an improvement in cutput efficiency over time].

* EC < 1 indicates a producer becomes further from the frontierin period
t+1 than periodt |i.e. a decrease in cutput efficiency over time).

* Technology change(TC):
* TC = 1 indicatesthere is no shiftin production possibilities frontier

* TC = 1 indicatesthe production possibility frontier shifts into more goods
and fewer bads.

* TC < 1 indicatesthe production possibilities frontier shifts into the
direction of fewer goods and more bads.
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V. Data

* 1993-2011, province level

* Desirable output (goods): Total production obtained from
KOSIS.kr

* Undesirable output (bads): Agricultural GHG emission from
rice, soil, crop residue, livestock and manure management
calculated based on Tier L.

* |nputs: Material costs (such as seed, feed, fertilizer, pesticide,
etc), Labor cost, and other costs (such as depreciation, fuels
and Electricity costs, etc.), obtained from KOSIS.kr

VI. Results of ML index in Korean agriculture

1.200
—_—ML —EC —TC

1.100

1000 -

0.900

0300
= 1 W MM @ oo o o+d ™MomoT Wwowo Moo oom =
SRR g o W ELR R GRS 50N 5 8 RO
m = n @ ~ @ o o o M™M= bnowo M~ o@moS o
g @m o oo oo O o O o o o o o o

* ML productivity had been decreased by 0.2% per year.
* Average ML productivity=0.997 < 1, Average EC =1, Average TC = 0998 < 1

* The fiuctuation of cumulative ML productivity follows similar patterns of
technical change(TC) duringthe 1983-2011 periods. This implies thatTC
“makes ML productivity fluctuate.

—,
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VI. Results of ML index in Korean agriculture - cont.

Relationship of the relative growth rates of the traditional
output (MP1) and adjusted output productivity measures(ML
index):

Fare, Grosskopf, and Pasurka (2001) mentioned that

“the relative growth rates of the traditional output and adjusted output
productivity measures depend on the relative growth rates of the desirable
and undesirable outputs. For a given inputvector,

ifthe percentage increase in desirable output exceeds (is less than) the
absalute value of the percentage decrease inthe undesirable output, then
the prowth rate of traditional productivity exceeds {is less than) the grawth
rate of the adjusted productivity”

VI. Results of ML index in Korean agriculture - cont.

ML Index MPI
T )
v - \. gL, S k‘x v+ Average MPI>1 for all
7 \x ﬁr ~ provinces with no
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Wy i \"I H—"'].
Fry 885 \ _.a-:;_; 1.035 \
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'Q'ESB Gyeongbuk (‘J\-,IM? Gyeongbuk Gyeongnam, leju)
) 1.004 p 1.008 have age ML
™ ln - n P "
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" 0,999 f I 1003 £
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VI. Results of ML index in Korean agriculture - cont.

Difference between ML and MPI
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Difference = MPI-ML

Only Gyeongnam province has
been increased when an GHG
emission takes into account

Gyeonggi is the most affected
province after taking GHG
emission into account

See next slide to check why

VI. Results of ML index in Korean agriculture - cont.

Why? Difference between Gyeonggi and Gyeongnam
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VII. Concluding Remarks

p Advantages of M-L index

* It can simultaneously consider undesirable by-products as
well as desirable outputs, so that it allows us to target both
increase of good output and reduction of bad outputs, while
traditional productivity measures used to ignore bad
outputs.

* This approach measures the productivity given all inputs
being controlled.

* We can also take advantage of using non-parametric frontier
technologies which does not require a priori functional form
on technology, nor any restrictive assumptions regarding
input, as opposed to parametric approaches

VII. Concluding Remarks - cont.

» Implications of Measuring EATFP

* M-L productivity index as an alternative measure of green
growth

* Technical change was the source of most of the M-L
productivity increase. lgnoring undesirable bad outputs
overestimates annual productivity growth

* Average annual M-L productivity varies considerably across
provinces

.>
]
B
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VII. Concluding remarks - cont.

* Limitations and Further Research
- Lack of data on environmental inputs or outputs

- Only considering bad output (GHGs) and not considering sink
services (soil sequestration)

- Data availability regarding the use of the environmental
inputs in production and the associated costs

- Need for further research for interpreting changes inthe
carbon productivity index and M-L productivity index

Thank you for your
attentions!

improve
Agricuftural

Productivity

Reduce GHG Emission "1' ‘
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