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Statement of task: Abridged version

« ldentify critical R&D needs in US and globally for animal agriculture

 Evaluate how constraints of climate change and limited natural resources impact
ability to sustainably meet future demand growth across production systems and

geographic regions

« ldentify US needs for trained human capital, product quality and safety,
effective communication, and adoption of new knowledge



Statement of task: Abridged version

« ldentify need for human capital development, tech transfer and info systems for
emerging and evolving animal production systems in developing nations,
Including dissemination resources

 Describe evolution of sustainable animal production systems as relevant to
production and production efficiency metric in US and developing nations
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Study process

Meeting 1: Open, data-gathering session held March 10-11, 2014, in Washington, DC
Meeting 2. Open, data-gathering session held May 13-14, 2014, in Washington, DC

Meeting 3: Closed, discussion and writing session held July 7-10, 2014, in
Washington, DC

Meeting 4. Closed, discussion and writing session held September 8-9, 2014, in
Washington, DC



Overarching recommendations

« Animal science research should move toward a systems approach that
emphasizes efficiency and quality of production to meet food security needs

— Transdisciplinary research collaborations
— Public-private partnerships



Overarching recommendations

» There is a need to revitalize the research infrastructure (both human and
physical) through a series of strategic planning processes

 Socioeconomic/cultural research is essential to guide and inform animal
scientists and decision-makers on what research should be done
(appropriateness and applicability) and communication and engagement
strategies



Overarching recommendations

 For research in sustainable intensification of animal agriculture to meet the
challenge of future animal protein needs, it is necessary to effectively close the
existing broad communication gap between the public, researchers, and the

food industries
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Overarching recommendations

 Continuing emphasis on animal productivity research is necessary; however,
simultaneous research on economic, environmental, and social sustainability
nexuses should also be enhanced
Environment
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At the time of the report, few resources
available to conduct a comprehensive
global analysis

« “The committee recognizes the value of
animal science training and research
provided by non-land-grant institutions,
as well as by non-U.S. institutions. Neither
the committee’s mandate nor the areas Ne TR B
of expertise of the committee members AND SUSTAINABILITY
allowed comparisons of capacity- e ———
building activities in U.S. and non-U.S.
iInstifutions.”

CRITICAL ROLE OF ANIMAL SCIENCE




Key recommendations from Capacity Building
and Infrastructure for Research in Food
Security and Animal Sciences chapter

» Priorities for infrastructure for this area (Research in Animal
Sciences) include:

* There Is an imminent need to revitalize animal agriculture f
research infrastructure (human and physical resources) through a Fil
series of strategic planning approaches.

* The percentage allocation of public funding by agencies
including USDA ARS, CSREES/NIFA, and ARS should be
reprioritized by species, taking into account the long-term
projected consumer demand for that animal product and the
potential for reducing the environmental impact contributed by
animal agriculture, with a focus on basic research.

Source: https://www.nap.edu/read/19000/chapter i#328



Key recommendations from Capacity Building
and Infrastructure for Research in Food
Security and Animal Sciences chapter

» One priority for infrastructure in this area (Research
Oufreach in the Animal Sciences/Cooperative Extension;

CE) includes: —
« CE funding should increase to levels that are commensurate with g
animal science research and technology fransfer needs. Its s amSi
important communication role should be upgraded and
improved to meet varied and changing demands of tfechnology

transfer.

Source: https://www.nap.edu/read/19000/chapter #3528



Key recommendations from Capacity Building
and Infrastructure for Research in Food Sray
Security and Animal Sciences chapter

* One priority for infrastructure in this area (Educatfion in the
Animal Sciences) includes:

» Funding for the USDA NIFA Food and Agricultural Sciences
National Needs Graduate and Post-Graduate Fellowship
Program should be increased, with periodic evaluation of the
program to ensure that it is continuing to adequately address
emerging research needs in animal science while developing
the next generation of researchers.

Source: https://www.nap.edu/read/19000/chapter i #32é



Key recommendations from Capacity Building
and Infrasfructfure for Research in Food
Security and Animal Sciences chapter

* In the area of Capacity Building fo Increase Diversity:

 The committee believes that paying attention fo gender is not @
matter of ideology but rather a matter of developmental
effectiveness; incorporating gender issues more widely and
systematically in agricultural research, development, and
extension systems will contribute significantly to meeting the food
needs of the future population or ensuring that productivity
translates into the improved welfare of the poor.

Source: https://www.nap.edu/read/19000/chapter i #32é



and Infrasfructure for Research in Food
Security and Animal Sciences chapter

* One priority for infrastructure for this area (Parfnerships for
Research, Oufreach, and Teaching to Leverage

Resources) includes: P
« Additional partnerships are needed to address animal agriculture &
research, teaching, and outreach to leverage dollar support.
Ongoing engagement of partnerships among federal agencies
(e.g., USDA, EPA, and NSF) and those that link animal health and
public health, and public—private endeavors needs to be

pursued.

Source: https://www.nap.edu/read/19000/chapter i #32é



Federal funding trends in Cooperative
Extension System

“Agricultural extension activities have a Figure 1. Historical Trend of NIFA Extension Activities Appropriation

high rate of return, with literature (in 2000 dollars)
estimates ranging from 16 to 110 | Milions

percent. Extension was estimated to 900
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Sources: http://www.choicesmagazine.org/choices-magazine/submitted-articles/cooperative-extension-system-trends-and-economic-impacts-on-8s-agriculture
hitps://www.nap.edu/read/192000/chapter/7#325



http://www.choicesmagazine.org/choices-magazine/submitted-articles/cooperative-extension-system-trends-and-economic-impacts-on-us-agriculture
https://www.nap.edu/read/19000/chapter/7#325

Trends in Cooperative Extension full-fime
equivalents across regions, 1980 - 2010

Extension FTEs Declined Across Regions

FTEs
3000
= 1980 m2010
2500
2000 -
1500
1000
500 i
0
> N > ~ Lo 2> &> s &
F F & ¢ & T & &S
A
F ¢ I & & &
3 S b &
< o

Note: Production regions are defined as the Northeast includes NH, PA, ME, MD, RI, MA, DE, CT, VT, NY, NT, Lake States

includes WIN, M, WI, Corn Belt includes OH, T4, MO, IN, IL; Appalachian includes WV, TN, NC, VA, KY,; Southeast

includes SC, AL, GA, FL; Delta includes LA, AR, MS; Northern Plains includes ND, SD, K3, NE; Southern Plains includes

T2, OK; Mountain includes CO, UT, AZ, NM, WY, NV, ID, MT, and Pacific includes OR, CA, WA,

Source: Authors™ classification based on USDA, NIF A, various years a. 19
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Animal science Is a popular
undergraduate major

Animal Science degrees
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FIGURE 5-5 Number of B.S., M.S., and Ph.D. degrees awarded over a 25-year peri-
od.

SOURCE: Knapp, 2014. Summary of Animal Science degree data prepared for the
National Research Council.

Source: https://www.nap.edu/read/ 1 9OOO/chop’rQeOr/7#328



The number of M.S. and Ph.D. degrees
conferred has declined over fime

Animal Science advanced degrees

Dwrgreds dwarded per yea

..................

FIGURE 5-6 Trend over time in the number of M.S. and Ph.D. degrees awarded in
animal sciences.

SOURCE: Knapp, 2014. Summary of Animal Science degree data prepared for the
National Research Council.

Source: https://www.nap.edu/read/ 1 9OOO/chopTQér/7#328



Funders and performers of U.S. food
and agricultural research, 2014

Figure 1.6.1
Funders and performers of U.S. food and agricultural research in 2014 (in 2012 dollars)

Federal States Mon-government Sources
52,638 million 980 million 512,424 million
I
2 v
521 millkan Uson, MSF, MIH, erc. S4B il 5645 million 511,775 million
52,213 million 5424 million
Sdd million | S380million
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k4 F k4 h 4 k4
uspa LGU-5AES Industry
Intramural and cooperating Institutions 511,796 million
£1,335 million 52,911 millien 192% by ag Input sectors, 48% by food sector)
JT. i
Sd million

Note: All estimates are adjusted for inflation and expressed in 2012 dollars using the ERS research deflator. NSF = National Science
Foundation; NIH = National Institutes of Health. LGU-SAES = Land Grant Universities/State Agricultural Experiment Stations.
Source: USDA, Economic Research Service based on data from the Current Research Information System; USDA, National
Institute of Food and Agriculture; National Science Foundation Federal Funds for Research and Development; and Fuglie (2016).
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Source: https://www.ers.usda.gov/webdocs/publications/23026/eib-208.pdfev=9435.6



Strong rate of return for public funding of
agricultural research & particularly for

formula funds

“Hatch formula funding has a larger impact on
agricultural productivity than federal
competitive grant funding, and are allocation
of Hatch formula funds to competitive grant
funding would lower agricultural productivity.”

Furthermore, from a cost—benefit perspective, our
study shows that the social marginal annualized
real rate of return to public resources invested in
agricultural research is 49-62%, and to public
agricultural extension, the rate is even larger

D0 FORMULA OR COMPETITIVE GRANT FUNDS

HAVE GREATER IMPACTS ON STATE
A GRICULTURAL PRODUCTIVITY?

WALLACE E. HUFFMAN AND ROBERT E. EVENSON

This article examines the impact of public agricultural research and extension on agricultural total fac-
tor productivity at the state level. The objective is to establish whether federal formula or competitive
grant funding of agricultural research has a greater impact on state agricultural productivity. A pooled
cross-section time-series model of agricultural productivity is fitted to annual data for forty-eight
contiguous states over 1970-1999. Our results show that public agricultural research and agricultural
extension have statistically significant positive impacts on state agricultural productivity. In addition,
Hatch formula funding has a larger impact on agricultural productivity than federal competitive grant
funding, and a reallocation of Hatch formula funds to competitive grant funding would lower agricul-
tural productivity. This seems unlikely to be a socially optimal policy. Furthermore, from a cost-benefit
perspective, our study shows that the social marginal annualized real rate of return to public resources
invested in agricultural research is 40-62%, and to public agricultural extension, the rate is even larger.

Key words: agricultural productivity, agricultural research funding, competitive grants, extension, for-
mula funding, Hatch funds, pooled cross-section time-series model, productivity analysis, research,
states.



USDA funds for Hatch and other formula
funds and USDA competitive grants for
agricultural research, 1980 — 2003

44% decrease in Hatch and other formula
funds (in 2000 dollars)

25% decrease in Hatch + NRI funds from 1980
to 2003

Millions of dollars, adjusted to year 2000

1980 1990 2000 2003

® Hatch and other formula funds ® National Research Initiative competitive grants

24
Source: Huffman and Evenson, Amer. J. Agr. Econ. 88(4) Nov. 2006: 783-798.



https://www.canr.msu.edu/adsbm/uploads/files/HuffmanEvensoneconomicspaper.pdf

Trends in animal systems research funds
by source (not adjusted for inflation), 1998
- 2011
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Trends In animal systems research
funds* (real 1998 dollars)

; 867,431 884,337 903,979

841,56 838,175

790,547 798,555 823,302

688,268 681,995

Funding for animal systems research
(1998 dollars)

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

*Current Research Information System (CRIS) reporting categories RPA 301-315 (reproduction, nutrition, genetics, animal genome, animal physiology,

environmental stress, animal production and management, improved animal products, animal disease, external parasites and pests, internal parasitesétoxicology,
and animal welfare).
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m Crops other than feed crops

Source: h’r’rps://do’ro.ers.usdo.gov/repor’rs.ospx?ﬁS=1 /845



Animal-source foods are significant
conftributors to protein and essential
micronutrients in the US food supply

Th.e higher energy mta.ke to Table 2. Contribution of major animal-source food groups to selected nutrients in the U.S.
achieve adequate protein food supply (2006) (USDA-ERS 2012a)

intake from plant foods

] Nutrient Meal, Poultry, and Fish (%) Dairy Products (%) Eggs (%) Total (%)

needs to be considered,

especially those with lower Energy (calories) 13.4 8.6 1.4 23.4
energy intakes and specific Protein 40.3 19.0 4.0 63.3
nutrient needs such as older Salurated fat 22.5 20.8 2.0 45.3
adults... In addition, the Vitamin A 32.0 17.5 6.4 55.9
bjoavaj]abj]jty of some Vitamin Bg 36.1 1.2 1.9 45.2
nutrients in plant-based Vitamin B, 75.5 19.9 4.5 99.9
dietary patterns or food Thiamin 18.2 4.7 0.7 23.6
sources of protein is Riboflavin 17.5 25.7 6.3 49.5
generally lower than that of  Njacin 36.6 1.1 0.1 37.8
animal-based patterns, Zinc 37.2 16.3 26 56.1

which needs consideration”
28
Phillips et al., 2015. Am. J. Clin. Nutr. 101(Suppl):1346S-52S Source: CAST, 2013



Plant systems and crop protection
research, both public & private, exceeds
animal systems research

Composition of public and private food and agricultural R&D by subsector in 2014

$ billion (2012)
6 -
= Private sector
5 = Public sector
4 |
3 |
2
1
0 . | . B - |
Food &feed Plant Animal arm Enwronment Human Economics,  Social &
manufacturing systems & systems & machinery & & natural  nutrition & statistics ~ community
crop. animal engineering resources food safety & policy  development
protection health

Note: Data are adjusted for inflation and expressed in 2012 dollars.
Source: USDA, Economic Research Service using data from USDA, National Institute of Food and Agriculture (NIFA),
Research, Education, and Economics Information System; and Fuglie (2016).



Economic Studies Find High Social Returns
to Investments in Agricultural Research

Flows of research costs and benefits over fime

Gross annual
benefits

(S/year)

Annual cosfs
(=S/yean)

Rascarch
e
development

Adoption procass

Source: Alston, Norton, and Parday, 1995,

Table 1-5ummary estimates of the rate of retum to
U.5. agricultural research

Studies, Meaan Meadian
ltem 1966-2006 estimafte  estimate
Social rate of returns fo
public agricultural research 35 53 45
social rate of returns to
private agricuttural research il A5 Af

Source: USDA, ERS, using data from Huffrman and Evenson, 2006,
and Fuglie et al., 1996

Each $1 spent on agricultural research returns
approximately $10 in benefits to the economy

30

Source: https://www.nist.gov/sites/default/files/documents/2017/05/09/Economic-Returns-to-Public-Agricultural-Research-2007 . pdf



Key conclusions of Fuglie Ond Helsey

(2007)

DA $¢# lkmedstamoopmme of Agricutture
—-oo Economic Research Senvice

Economic Returns to Public
Agricultural Research

Keith O. Fuglie and Paul W. Heisey

ECONOMIC Bl * September 2007

» Returns to research have been high for most crop and
ivestock commodities

* There appear fo be significant social returns to private

agricultura
« Agricultura
« Agricultura

research
research generates long-term benefits
knowledge or research “spillovers™ across

State and national boundaries

- Spillovers from livestock research are generally greater than
spillovers from crop research because livestock production is less
constrain by agro-ecological factors like soil and climate

Source: https://www.nist.gov/sites/default/files/documents/2017/05/09/Economic-Returns-to-Public-Agricultural-Research-2007 . pdf



Sustained public investment in research
supports long run agricultural productivity

growth

“Because R&D takes a long
time to bear fruit, TFP growth
differs little among the
scenarios in the first decade,

but then growth rates diverge.

From 2010 to 2050, the annual
rate of TFP growth is expected
to increase/fall from the
historical average of 1.42
percent per year to 1.46, 0.86,
and 0.63 percent for Scenario
1, 2, and 3, respectively.”

Agricultural productivity growth since 1980, and projections to 2050

based on three scenarios for public research investment

Indices (2005«100)

200
Scenarlo 1: °
R&D increases by \ o."
1 percent per year, in real i
terms (adjusted for inflation) 228 °
150 1 starting in 2010

./— '/.
o_ g -
s
= TFP actual e
" Soenarloz

100 4 = TFP trend R&D held constant Scenarlo 3:
at 2010 levels R&D held constant
“ (not inflation adjusted) (not inflation adpusted)
after a one-time
25-percent cut

0 “r Y Y Y T T T T Y Y T T T T

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Notes: TFP = total factor productivity, R&D = research and development (public).
Sourca: USDA, Economic Research Service estimales, , 32

Source: https://www.ers.usda.gov/data-products/chart-gallery/gallery/chart-detail/2chartld=78466



Developed countries have increased

outputs while slowing or decreasing input

growth

“Since the 1960s,
agricultural TFP in
developed countries has
compensated for declining
iNnput use as output growth
slowed. In more years,
between 2001 and 2013,
input growth in these
countries declined across
all factors of production for
the first fime.”

Total Factor Productivity, input, and output growth in developed countries, 1961-2013

Percent change
4
4 = Faod
= Fertilizer
2 I
Machinery
1 TFF
Labor
0 EE— I == | and
—_— = | ivesiock
-1
B Oupu
growth rate
2
1961-70 1971-80 1981-90 15991-00 2001-13
Mate: Total Factor Productivity was calculated by adding growth in outputs and subiracting growih in
nputs. Developed countries inciede Avstralia, USA, Canada, Meaxico, New Zealand, Unibed Kingdom,
Japan, South Konga, Cyprus, Greacs, laly, Mala, Porugal, Spain, Austria, Belgiurm and Luxambourg,
Denmark, Finland, France, Germany, Icetand, Ireland, Netherlands, Norway, Sweden, Swilzedand, Singa
pore, Tamwan, and South Africa.
Source: USDA, Economic Research Service, International Agriculiural Productivity datased.

Source: https://www.ers.usda.gov/data-products/chart-gallery/gallery/chart-detail/2chartld=80045



Increased productivity now the primary
source of growth in world agricultural
outpuf

sources of growth in global agricultural output, 1961-2012

-2 Total output growth rate

Output growth rate OQutput growth source. y
“In 2001-12, improvements in {ﬂv;r;se annual percent change) ::.T;ﬁ::.]:::e}"aﬂ:' factor productivity
productivity—getting more 8 M Expansion of irrigation to cropland
output from existing resources— 25 . - Expension efagneuliratiend =
accounted for about two-thirds , 22
of the total growth in agricultural 2.0
output worldwide, reflecting the
use of new technology and =
changes in management .0
practices by agricultural

producers around the world.” 0.5

0.0

Source: USDA, Economic Research Service, International Agricultural Productivity
data product, October 2015.

1961-70 1971-80 1981-80 1991-2000 2001-12

34
Source: https://www.ers.usda.gov/data-products/chart-gallery/gallery/chart-detail/2chartld=78532



Agricultural productivity advances
across all global regions

Global agricultural output and total factor productivity (TFP) change, 2002-11

“Total factor productivity (TFP) in
agriculture is an indicator of the
rate of tfechnical change based
on a comprehensive measure of
the amount of output attained
from all of the land, labor,
capital, and material resources
employed in production. Over
the 2002-2011 decade,
agricultural TFP rose in every
region of the world. In all regions
except Latin America and Sub-
Saharan Africa, gains in TFP
accounted for most of the
increase in agricultural output.”
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Oceania
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Sub-Saharan
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World
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Mate: Sub-Saharan Africa does not include South Africa,

Source: USDA, Economic Research Service, International Agricultural Productivity data.
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Source: https://www.ers.usda.gov/data-products/chart-gallery/gallery/chart-detail/echartld=77749



Annual milk yield per cow in 2017

Milk yield, Hg/An |
994 129531

1 US dairy cow
produces as much
milk as:

« 16 cows in Kenya
« 6.5 cowsinIndia

« 5 cowsin Ecuador

. = p— Powered by Bing
= © GeoNames, HERE, MSFT, Microsoft, Navinfo, Thinkware Extract, Wikipedia

Source: UN3I9AOSTAT



Public sector funding trends for
agriculture research & development

“Between 1990 and 2013, the
U.S. share of spending among
nations with major public
agricultural R&D investments
fell from about 23 to 13
percent. Chinese
government spending on
agricultural R&D rose nearly
eightfold in real (inflation-
adjusted) terms between
1990 and 2013, surpassing U.S.
spending in 2008 and more
than doubling it in 2013.”

Public sector funding for agricultural research and development, 1990-2013

F9

1
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Constant 2011 PPP. bilkon dollars

— China — LInited States
India = Brazl
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and Canada
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MNaote: FPP = purchasing power parity. This adjustment o funding levels ensures that a doliar purchases an
equivalent sat of goods or labor acnoss different couniries

Soufce: UISDA, Econormic Aasaanch Sanvice and Agricultural Sciance and Technology Indicalons, Organization
hor EConomic LOoDeraton and Denziopment
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Source: https://www.ers.usda.gov/data-products/chart-gallery/gallery/chart-detail/2chartld=85038




Public spending on agricultural R&D by
high-income countries grew after 1960,

but is now Iin decline

“This decline in public R&D
spending marked the first
sustained fall in agricultural R&D
investment by these countries in 50
years, and was most pronounced
in the United States and Southern
Europe. The United States
continues to lead among high-
Income countries in public
agricultural R&D spending, but the
U.S. share of the total declined
from 35 percentin 1960 to less
than 25 percent by 2013."

Inflation-adjusted spending on public agricultural R&D

by high-income countries, 1960-2013

Billion dollars (2011)

20
@ United States

16 Central Europe
12 Southem
Europe'Mediterranean
8 @ Northwest Europe
Japan &
4 South Korea

@ Canada, Australia,

0 and New Aealand

1960 65 70 75 B0 85 90 95 00 05 10
' 40% ) 1.3% 1.5%

Annual growth rate in spending

Mota: Estrnated A&D axpendiunes in local curmency lor aach yaar ane cormeriad o constant 2011 dalars wsing GDP
deflaions and purchasng power panty fochangs rabes. MorFwas] Eurood includes Couniries such as Franon,
Genmarny, the Metherlands, and the Linted Kingoom. Cenral Europe inclides counines such a5 Poland, Hungary,
and the Czech Republic. Southem Europahaditeranaan indudes counitnes such as Haby and Spain

Sourca: USDA, Beonormic Research Senvica using data from the Onganisation for Economic Co-operation and
Devepiogment (OECD), Main Science and Technology Indicalons; Pardey and Roseboom [ 1983) ISMAR Agriculiural
Risaanch Inchcaion Sencs, Word Bank Word Dessiopment InGC:aors, and nurmisfous Suppiomeniany sources 38

Source: https://www.ers.usda.gov/data-products/chart-gallery/gallery/chart-detail/2chartld=89155




AfricaRice

Africa Rice Center

@ ICARDA

Science for resilient livelihoods in dry areas

International Center for
Agricultural Research in the
Dry Areas (ICARDA)
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IIIIU

International Food Policy
Research Institute (IFPRI)

HCIMMYT

International Maize and Wheat
Improvement Center (CIMMYT)

IWMI

I CHTHLOn ml
Warr MunRga it
Indista

International Water
Management Institute (IWMI)

S

Bioversity International

&CIAT

n‘omntmfu! Conttor lcl hw-(nl Aq:u‘h.rv

International Center for
Tropical Agriculture (CIAT)

WA

International Institute of
Tropical Agriculture (IITA)

INTERNATIONAL
POTATO CENTER

International Potato Center
(CIP)

ia

World
Agroforastry

World Agroforestry (ICRAF)

OR

Center for International
Forestry Research (CIFOR)

2
INTEANATIONAL CROPS LESEANLC
INS UTE FOR THE SEMLALID TRO 'C

International Crops Research
Institute for the Semi-Arid
Tropics (ICRISAT)

ILRI

ISTRENA T Ms
Ly -"'-u'-‘t)\r
N1
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ILRI funding trends, 2008-2018
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Conclusions

« Animal-source food demand will contfinue 1o increase for
the next several decades

 Meeting increased demand via productivity, not major
expansions of herds/flocks and expansions of agricultural
land is critical

 Animal science research, education, and outreach are
powerful fools to sustainably intfensify production
« Public & private funding both drive productivity

* Investments in animal science research have lagged
compared to Ccrops




Conclusions

* Investments in agriculture research in developed countries
have stagnated or declined, investments in China, Brazil,
and India have increased

 Yield gaps for animal agriculture are substantial

» Information gaps and lack of harmonization make analysis

of the global impact of animal science research,
education, and outfreach difficult




Report is available for free download

 The National
Academy Press

(www.nap.edu)
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Thank you

Sara Place, Ph.D., Senior Director, Sustainable Beef
Production Research, National Cattlemen’s Beef Association

Email: splace@beef.org
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