Shrimp Supply
Chain at a
Crossroads?:
Quality, Disease
Externalities, and
Market Structure

Aya Suzuki (U Tokyo)

Asian Economic Development Conference
2023

July 15, 2023 @ Fukutake Hall, U Tokyo




e Rising aquaculture sector, largely Asian phenomenon

e Shrimp production dominated by smallholder producers in
developing countries.

* Beneficial for developing countries:
* Income generating source
e Lower prices as supply enlarges
e Higher nutrition (protein)

this window of opportunity for large global
demand may close quickly for developing country producers unless
quality is guaranteed with clear traceability.

e | want to focus on
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Rise in Aquaculture largely Asian phenomenon

H[[V:{¥ WORLD CAPTURE FISHERIES AND AQUACULTURE PRODUCTION

180

160

140

AQUACULTURE

120

100

80

MILLION TONNES

60

40

CAPTURE

20

07 T T T T T | T | T | | T | |
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Capture fisheries — M Capture fisheries — [ Aquaculture — M Aquaculture —
marine waters inland waters marine waters inland waters FAO2022

NOTES: Excluding aquatic mammals, crocodiles, alligators, caimans and algae. Data expressed in live weight equivalent. 4
SOURCE: FAQ.



REGIONAL CONTRIBUTION TO WORLD CAPTURE FISHERIES AND AQUACULTURE PRODUCTION
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AQUATIC FOOD CONSUMPTION BY CONTINENT, 1961-2019
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Important source of nutrition for developing countries

Fish share in animal protein intake (%)
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The Making of a

Benefits for the smallholders

e Lower fish prices: 9.5% growth of inland aquaculture reduced price of fish
from aquaculture by 12% (Murshed-e-Jahan et al. 2010, Rashid & Zhang 2019)

e Pro-poor: Change in fish consumption due to growth of inland aquaculture:
152.1% by the extreme poor, 114% by moderate poor, 88.2% by non-poor
(Toufigue & Belton 2014)

* Improvement in protein intake: Annual fish consumption p.c. grew from 7.7kg
(1980) > 13kg (2000) > 18kg (2010) (Rashid & Zhang 2019)

e Achieved by intensification of fish farming: Pond area growth 31% while prod
volume grew by 117.4%

e Aquaculture growth contributed to 2.11% of income increase & poverty
reduction of 1.7% (10% of the reduction in the period) (Rashid & Zhang 2019)

e Thus, aquaculture in general pro-poor (income generating source & nutrition)
and global demand keep increasing.



Shrimp Sector:

e Catch dominant in the 1970s, Trawling fishing banned in 1980s
e Extensive farming traditionally practiced in many parts of Asia

1983: Artificial spawning method innovation in Taiwan supported by Japanese
researchers (Murai 1988)

ADB, private sectors (CP, Mitsubishi, etc.) played important roles. Intensive farming
spread first to SE Asia, then to the rest of the world.

e Shrimp from capture & farming mostly substitutes (Asche et al. 2012), except maybe
for organic extensive shrimp




Smallholder as dominant producers

e Shrimp production dominated by

numerous Sma”hOIderS in ASia (Ha” Gross Qutput of Product Per Hectare in Viet Nam
(mill.VND)
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2004, Hernandez et al. 2018)
e Less than 1ha on average (Hall 2004)

e Rapid conversion to aquacultural pond in _
Vietham

e “Shrimp 10 times more profitable than
rice.”
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* |n contrast to
(Fischer et al. 2017)

e As farming & processing technologies became more capital intensive, AC
curve became steeper, which led more vertical integration of these stages
(Kvaloy and Tveteras 2008).

e Food and agricultural commodity market (Swinnen & Maertens 2007),

Pineapple market (Fold and Gough 2008), Fishmeal market (Hansman et al.
2020)



“Next Generation” Indoor Shrimp

https://ecoshrimp-sys.com/
https://thefishsite.com/articles/germanys-clearwater-shrimp-ras-champion-oceanloop

' neomar

v yoar production facility

After more than 11 years of trial & error and R&D, we have succeeded to

create an ideal and natural environment for our shrimp in an innovative,
stable and sustainable aquaculture system, one of the first of its kind in
the World.

The application of our cutting-edge Microbial Technology with artificial
saltwater, enables production of clean and fresh shrimp indoors and at
any location, additives free. https://norayseafood.es/en/technology/



Kansai Electric Power Co.

https://www.jircas.go.jp/ja/rel
ease/2021/press202124
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* Emergence of shrimp produced under full control system

o Safe, additives-free, environmentally-friendly (no soil pollution, no mangrove
destruction, no land subsidence, less CO2, etc.), fresh as the production sites
are closer to consumers, perfect traceability, Aquaculture Stewardship Council
Certification

* While the share in the global market is still small, with the fast
development of the sector, investors’ keen interests on aqua-tech
companies, and increasing global demand, this indoor shrimp market
may grow rapidly in near future.

* Need to understand the role that smallholders play in the current market
(Why processors purchase from smallholders while they can also produce?)

e Consider major issues in the sector:

15



Lol § F

¥

16

M



o

(Lafferty et al. 2015, p476)”

e 80% of all ponds face disease (Khiem et al. 2020 based on ADB-NACA report)
e 40% of shrimp lost annually due to viral pathogens (Stentiford et al. 2012)

 Magnified with intensification of farming methods (Leung & Tran 00, Lafferty et
al. 2015, Suzuki & Nam 2018)

* Higher density increasing stress for fish/shrimp (King & Naylor 2012)
e More inputs used and more uneaten feed >> pollutes water
e Causes of disease often difficult to trace, water quality critically important
* Impacts could be fatal for farmers
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to prevent & treat the

disease e acirs el st oty Vet ot oo s
e Aguaculture developed in a similar manner 350
with livestock rearing, but fish vaccines not o
widely available (Asche et al. 2022)
e Various standards at international markets > 2006
 Unobserved unless tested formally in labs > W T BT %
e Many shipments rejected at the ports of
developed countries (UNIDO-IDE 2013)
via waterways g - - ”

Source: UNIDO dataset and analysis, based on EU RASFF, US OASIS, AQIS, and Japanese MHLW data

More later
(UNIDO-IDE 2013)
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Suzuki, Nam, Lee (2023)

Jan 2015 Ot 2015 Feb 2016 Oct 2016 Dec 2016 Sep 2017+

Problem: Use of antibiotics among farmers (Chi : BS}};T :‘>1'2E5§> Qﬁ%>\ Effgﬁ‘ R P;PE“E > E:imi \}
et al. 2017, Braun et al. 2019, Lee et al. 2019)  “~=—-- - ‘ ’
Our Study: How can we induce behavioral
change for farmers? RCT

e Technical Knowledge? (workshop)

e Quality Information? (lab test result)

e Price? (offered price premium)

Data
e 3-year panel data
* HH survey data + Shrimp lab tests

Methods
* |Intention-to-Treat
* Treatment-Effect-on-Treated

PHIEU TRAO THUGNG

Diy i cia trubang D hoc Tokyo (Veit Bis) vé "H3 to ip dung the hich
1t cho cde b eudd tém quy md i & mién nam Viét Nam" 83 duoe trign
Yk tat byén Pha Tan, tink Ca Maw, deo sy brong din cun S Noag

nghiép va Phat trin ming thin tinh Ca Man Dne dn s tran thimg cho b

try g4 bing tuée it J000.000 VN (ha teéu dbmg) néu tom mudt cua

ﬁng-R,i deoe The in Fidem tra dat chit heomg van endi nam 7017
PBhidu trao thiramg iy khéng diege rhlu\r’}u nlwgng che ngidt kide.

Mgy 20 thng 12 wian 2016
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ITT Effects on Knowledge & Practices (FE)

Workshop x 16
Workshop x 17
Quality info x 16
Quality info x 17
Premium x 17
2016

2017

Constant
Observation
R2

Wald yx2

Knowledge Practice
prohibited o‘m%tlﬁry Test water Keep In (shrimp gg’?enc":f:rll
chemical (10 max) daily records  density)
0.006 0.062 -0.001 -0.029 -0.457
-0.019 -0.676 -0.01 -0.200% -0.594 -0.03
0.170* -0.074 -0.182 0.079 0.182
0.000 0.161 0.041 0.216* 0.27 -0.282%*
-0.089 0.815 0.22 -0.045 0.873 -0.057
0.zol 1Quality information experiment (quantifying
0.637***  Jresidues for farmers) had positive impacts in
0.171% achanging farmers’ use of antibiotics.
Hh1b ~ D17 51D 510 500 307
0.368 0.468 0.091 0.065 0.032 0.098
30.59%%% 4. 71%** 4.68**+ 2.92x 1.43 2.16*




ITT Effects on Knowledge & Practices (FE): Sub-sample

Workshop x 16
Workshop x 17
Quality info x 16
Quality info x 17

Premium x 17

Workshop x 16
Workshop x 17
Quality info x 16
Quality info x 17
Premium x 17

Knowledge Practice
prohibite water : Chemical
§"C quainy  Testwater  Keep InGhimo  poloci
chemical (10 max) y
0.07 -0.833 -0.278 -0.141 -0.446
-0.238 -1.371 -0.412 -0.237 -0.485 0.119
0.321" 0.805 -0.274 0.205 -0.745
0.097 0.793 0.195 0.406" -0.452 -0.548*
0.217 1.475 0.662"* 0.183 2.224 -0.458"
-0.025 These positive changes occurred among farmers
0.054 1who were detected positive at the baseline survey.
0.111 -U.42725 ~U.145 U.U31 U547
-0.016 -0.069 0.019 0.144 0.729 0.000**
-0.222 0.521 0.054 -0.156 0.337 0.200"



Internalize Externalities - Textbook Solutions

Pigouvian Tax

Standards or Quota

Property Rights

Central or Vertical
Control

e Difficult to visualize and collect fees

e Difficult to visualize, monitor, and punish when
not followed

e Difficult to assign property rights on river
water

e Some processor own ponds, but limited supply
e Difficult to control the river/ sea water

e Some communities regulate water intake
(Indonesia, Sri Lanka), Free rider problem exist
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A simple model of processors’ decision to offer vertical control

Consider two types of risks in shrimp production (Q;): quality risk (g;) and disease

risk (d;).

e @; is measurable quality standard, which is affected by the practices taken by
producers (i.e., antibiotics, BMPs).

e d; isthe probability of disease outbreak and has a stochastic nature (g;) due to
externalities from i’s neighbors.

Qi = f(qi,di(0y))

Processors can choose to exercise vertical control (e.g. “contract-farming” or
producing shrimp on their own ponds) or purchase from surrounding farmers.

Processors’ profit can be defined as:  m; = f (Qj (CIj' dj(af)))

where j = vertical control (v) or farmer purchase (f)

23



Processors decide to exercise vertical control when:
E(m,) > E(nf)

Average quality of shrimp higher under vertical control:

E(q) > E(qr) > q°
where g* indicates the minimum quality standard required by downstream buyers

Variance of production also higher under vertical control:

V(Qv (dv (Uv))) > V(Qf (df (O-f)))

n
because g; > |]; 0;.

Processors decide to purchase from surrounding farmers when disease risk dominates
the quality risk, i.e.,
E (10, (qy, dy (0,))) < E (7 (qp, df (7))



e Vertical control not exercised in this sector due to
in the shrimp
export supply chain.

V(Q,) >V (Qf)

° j.e.

e “Quality” is measured at the purchase by processors in their lab
* Only the relatively wealthier smallholders tend to participate in shrimp sector.

* Fischer et al. (2017) based on salmon industry’s case theoretically
showed:

 |ntensification increase disease risk
e Extensification also reduces incentives to internalize disease risk (free-rider)

 Examine the spread of disease risk in our data in Vietnam:



e Suzuki, Olivia, Nam, and Lee (2022)

e Examined the
on farming methods (“peer effects”)

e Methods

e OLS (linear-in-means models)
e Spatial autoregressive models (SAM) and Spatial Durbin Models (SDM)

* |V method relying on Bramoulle et al. (2009)

e Under E(e;|X, W) = 0 (chara and network exogenous to outcomey, i.e., correlated effects
are solved), simultaneity of endogenous effects & exogenous contextual effects can be
identified using the higher order spatial lag as an instrument for the endogenous effects

Not Peer
@ Peer @ Peer @ Effect of farm_efr k’s characteristics
PR -5 PR ) ; B affect farmer i’s outcome only
through the outcome of farmer j

(yi)x;) () %) (il x)



Optimized Hot Spot Analysis
Gi* static (Getis and Ord 1992)

G (d) =~ 1n Y L jmay equal to i
j=1%J

Cold Spot - 99% Confidence
® Cold Spot - 95% Confidence
© Cold Spot - 90% Confidence
* Not Significant

Hot Spot - 90% Confidence
® Hot Spot - 95% Confidence
® Hot Spot - 99% Confidence

Optimized Outlier Analysis
Local Moran’s | (Anselin 1995)

n

hp S II-“'\ .

© High-High Cluster
@® High-Low Outlier
® Low-High Outlier
© Low-Low Cluster

* Not Significant




Spatial Lags

Education

Shrimp farming experience
Shrimp farming knowledge
Total plot size

Trustin village

Practice: recording

Practice: water quality check
Practice: equipment

% disease outbreak
Education

Shrimp farming experience
Shrimp farming knowledge
Practice: recording

Practice: water quality check

Practice: equipment

SAR
0.005
0.001
-0.033***
-0.027
0.018

0.712***

SAR SDM
0.009 -0.001
0 -0.003
-0.020** -0.029***
-0.042 0.003
0.024 0.051**
-0.281%**
0.03
-0.277%*
0.628*** 0.479%**
0.021
0.060**
-0.001
-0.194
-0.4

SDM
0.003
-0.004
-0.016*
-0.02
0.050**
-0.241***
0.059
-0.287**
0.416***
0.012
0.051**
-0.033

-0.093
-0.269



Neighborhood Effects

=1 if male

Age

Education

Shrimp farming experience
Shrimp farming knowledge
Total plot size

Trust in village

# shrimp farmers

% disease outbreak
Education

Shrimp farming experience
Shrimp farming knowledge
Practice: recording
Practice: water quality check

Practice: equipment

500m
-0.091
0.000
0.006
-0.004
-0.030***
-0.025
0.039**
-0.005
0.240**
0.006
0.017
0.001
-(0.338***
0.033
-0.414*

1km
-0.112
0.000
0.001
-0.002
-0.019**
-0.005
0.036**
-0.001
0.311**
0.004
0.01
-0.025
-0.319*
0.035
-0.104

2km
-0.087
0.000
-0.001
-0.002

-0.023**x*

0.006
0.024
-0.002
0.449
0.000
0.008
-0.015
-0.478
0.359
-0.329



e Disease risk spatially correlated, but the effect dampens as we
enlarge the “neighborhood” area.

e Pooling the disease risk among smallholders seems one of the
reasons why the processors are not choosing to exercise formal
vertical control while the quality is important.

e Jtisa ,
i.e., E(q;) and Pr(d;).

» Emerging fully controlled indoor system has substantially low Pr(d;)
with high E(q;) .

* Smallholders may have 2 options to continue their participation.

* We have digital technologies available.



Digital technologies

* Digital technologies can
help visualize
unobserved aspects in
aquaculture & improve
farmers’ decision-
making

e Farmers sharing their
own farming practices
& market info via SNS

https://jala.tech/app 31



. - “Movement Document”
Good practices on traceability R

f:~mw— = “Shrimp Farmer Registration”
e “Movement Document” in Thailand (2016) ey |
* Digitalized this system as “Aquatic Animal == Q:,M:
Purchasing Document” in 2021. ==
e Ecuador shrimp sector: use of IBM Food s T e
Trust based on blockchain technology to E==

assure traceability
“Aquatic Animal Purchasmg Document (APD)

7 DEPARTMENT OF FISHERIES
Tusunsuussyndnsusnfuefonns
¥ * : =
"

SSP shrimp’s
journey from farm
to fork with

Blockchain technology

SSP joined the IBM Food Trust ecosystem, a platform that
uses blockechain technology to help provide traceability
of SSP shrimp and deliver greater accountability and
transparency to customers for every element of SSP's
premium Ecuadorian farmed shrimp production and journey
to the consumer plate.

TusunsudszyndinmseanntivdemAumstouts
de iU’ (APD)

Tusunsanssyndmssnaun s o smen (Feec
ipp)

Tusunanseyndtufinrensiomsfmaa

https://www.sustainableshrimppartnership.org/ https://apdsouth.fisheries.go.th//shrimp/ .



Lee, Pratiwi, Farikha, Suzuki, & Kurosaki (2023)

Indonesian Vannamei Shrimp Community “Komunitas Udang Vaname Indonesia”
(KUVI)

e Established in Sept, 2018. 117,000 membership as of Jan 2023

* Information exchange regarding market prices, inputs, and technical aspects

* Top of “Most trusted info source”: Farmers in the same village. Even among KUVI
members, KUVI info ranked 4. >> Complementary role to traditional info sources

KUVI FB

) a. What info. did you share? MOSt trusted info source
— TKUVI [ Non-KUVI
o el 1 Extension 14.4% 5.5%
° Extensive . . . S(.ami-, Super-, or Intensive K U V | 9 . 9 % O . 7 %
b. What info. did you inquire?
i — Farmers in same village 45.7% 79.9%
a 21 435, 2321% Farmers in other village  1.7% 2.8%
) Family 21.4% 10.6%
Extensive Semi-, Super-, or Intensive
Others 7.0% 0.6%

I shrimp farming techniques [ @ |nput use
I Shrimp prices I Shrimp diseases

Note) Based on own survey, N=1,574 33




* For developing countries to continue benefitting from globalization of
shrimp export, necessary to control for quality and negative
externalities. Fully controlled indoor system is emerging in developed
countries.

* Important to improve E(q;) by adopting good farming practices and
reduce Pr(d;) further by horizontal coordination.

* Digital tools are available and effective to enhance knowledge,
strengthen peer effects, monitor behavior, visualize the unobserved
quality, and establish traceability. These seem to be the key for
smallholders in developing countries to continue playing an important
role in this sector.



Thank you for your attention!

ayaszk@Kk.u-tokyo.ac.jp
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