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What is the impact and likelihood of global risks?
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How IBM defines
‘agribusiness’
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Farmland & . . . .
. . Primary Processing  Food and Fuel Distribution & Post Consumption
Inputs livestock Trading . e .
and Logistics Manufacture Retailing Processing
management
Seeds, fertilizer, Crops, Crops, Milling, Foodstuffs, Traditional trade, Recycling,
crop protection, dairy, oils, bulk food beverages, modern trade, upcycling,
animal health, proteins (animal animals, ingredients, meat products, retailing disposal
nutrients, and plant sources) biofuels flavours, dairy,
fragrances supplements

equipment



= Market leader in
potato storage condition control systems

* Enhancing climate control for agriculture
storage systems with energy management and
weather forecasting data.

The @
Weather Weather w
Company leaanngl s o J

" Providing optimal & economic potato storage
conditions using local weather forecasts on an
hourly base

Weather Insight Get hourly weather update

Mobile 1st Mobile App Control

Embeddable
Reporting

Cloudant atabase

DashDB

Calculate & Update Cont[ol S
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IBM Bluemix

- Actual status
- Alarms (push)
- Basic Control
- History

- Performance




@ Scalable Analytics: Improving crop yield and quality

il while reducing water consumption in the vineyard
E&J Gallo Winery

3B

Gallo & IBM:
2014 Vintage Report
Innovation Award for

prototype system
The challenge: Solution: 20 Jan. 2015 Results:
= Improve Crop yields and grape quality by = Remote Satellite image processing for ® |ncreased Yield 23%
precision irrigation solution normalized vegetation index (NDVI) = Water conservation 20%
= Conserve water due to drought = Evapo-transpiration modeling & plant = Reduced variability, 10% higher
modeling to determine irrigation schedule grape quality
NDVI 2012 NDVI 2013 Table 2. Average yield and water use efficiency of variable rate and 2012 Yield
= [ conventional irrigation in all four years of the study tons: | acre —
S~ B _ (=]
Hl = Yield Gain WUE Gain B s_ o 2
dl = Year  (tons/acre)  yRrpi/cpl (tons/acre-foot) yrpi/cpl B o 8
1 VR« (%) VR« (%) L1 s %
| I s 3
2012 89 89 0.0 593 593 0.0 _ 2
Vineyard area: S
2013 7.7 7.4 41 5.63 4,93 14.2 32 acres
2014 101 87 16.1 743 7.08 4.9 Each VRI & CI: =
b H 10 acres &_:,
] L 2015 51 46 10.9 427  3.65 17.1 T :
2013- average NDVI is 0.76 Average 10.3 12.1 917 toris/acre =
2012- average NDVI was 0.7 Each irrigation area: 2
140 zones S \
Each zone:
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E&J Gallo Winery

Scalable Analytics: Improving crop yield and quality
while reducing water consumption in the vineyard

“The solution provides a
precise and environmentally
conscious method of
increasing our grape yield
and fruit quality while
conserving water. ”

= Predictive weather model

=  Weather station data

= Evapo-transpiration modeling

= Control a smart variable rate irrigation system

Luis Sanchez,
senior research scientist —

Satellite

Gallo
Yield
] maximizing Rn H ET
zone \
Water Double drip line with
Weather . | eff'z‘c’:‘:gcy control electronics.
station 3 -
— Control
%% \ cell
- 2 Reference
PAIRS based 2 cell G
irrigation analytics
.~ z Energy Balance model:
Gridded A = _
control (« ))) e~ Er - Rn o H o G
cells ET Evapo transpiration
S < R, Net radiation Flux (W/m?)
Gateway Cellular H Sensible heat Flux (W/m?)
link G  Soil heat Flux (W/m?2)




Weather

Data AP farm monitoring &

EZ-Farm

_ dashboard IBM Research created EZ-Farm, an
Decision Support R RN Tl Internet of Things (IoT) remote monitoring
Scoaces ; solution that helps small-scale farmers to

STNE
& better manage water resources.
PO M® Bluemix™ Purpose is to eliminate water supply as an
DevOps Services Farmer inhibiting factor to crop yields in Africa.
inputs crop
images/ gets
yield alerts EZ Farms uses

- |BM Bluemix and
- IBM loT Foundation

4

3 .4:

; ¢ *ut e to enable sensors on the field that inform
‘ - services
- the small-scale farmers to better

WS P manage water situation

SA W~ 3 . : .
-gﬂ.l apen:shuks - agricultural aggregators to identify the
mobile e best prospects for financing.
Open Farm sranttas B Water is Life
continuous farm monitoring

Kala Fleming:
Easing water scarcity by

e understanding when and where it flows
OCTOBER2015 SANFRANCISCOCALIFORNIA




How Smart, Connected Products Are Transforming Companies

Michael E. Porter James E. Heppelmann
Harvard Business Review, November 2014

3. Smart, connected product
2. Smart product

1. Product ((( )))((( ’))

Harvard "
Business
Review

How Smart,
Connected Products
Are Transforming
Competition

FARM PERFORMANCE
DATABASE
=
& b FARM FARM FARM SEED
L ﬁf;vﬁg‘fm—b“ EQUIFMENT MANAGEMENT OPTIMIZATION SEED DATABASE
TRACTORS SYSTEM SYSTEM SYSTEM
TILLERS

5. System of systems
4. Product system

WEATHER MAPS WEATHER FORECASTS

RAIN, HUMIDITY, WEATHER DATA
TEMPERATURE SENSORS <

APPLICATION

PLANTERS

)

SEED OPTIMIZATION
APPLICATION

IRRIGATION
SYSTEM
FIELD IRRIGATION
SENSORS

APPLICATION

IRRIGATION NODES



; Can we prepare for investigation of a food-borne
EHEC/STEC 2011 Outbreak in Germany disease outbreak ... before it even occurs?

2504

[71 STEC gastroenteritis cases in males
@ STEC gastroenteritis cases in females
[ HUS cases in males

20 18t reported B HUS cases in females
STEC case at Consumption warning for cucumbers,
German organic tomatoes and salad
1504 farm
3 Production stop
s German Federal Ministry of
B 6o Food establishes task force (TF)

Consumption warning for Figure 1: The Farm-to-Fork Road Map' includipg the emix’e food product supply chain of agriculture,
sprouts transportation. processing. packaging and consumer.

TF concludes identification of Likelihood Based Method

' T 7 contamlnatlon g ' Identification of “suspect product set”
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May o July Past Outbreaks Outbreak: E. coli 0104:H4 in Sprouts (May 2011)
S — Day 18 (May 18) Cases: 41
Date of Disease Onset s ] e D]
(source: Frank er al., New Engl J Med, 2011; Ergebnisbericht der Task Force EHEC zur Aufklarung des EHEC 0104:H4 el Summery [(Gase faperts | tartoniowe’ May'
Krankheitsausbruchs in Deutschland, 2011) e :
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* Collaboration with IBM Research and the
German Federal Institute for Risk Assessment (BfR)
« Comparing Sales Distributions to Outbreak Patterns

L) J.H. Kaufman et al., “A Likelihood-Based Approach to Identifying Contaminated Food Products
o Using Sales Data: Perfor and Challenges." PLoS ional biology 10.7 (2014): e1003692.
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Figure 32 Avocados Are Trans-
shipped in Oman

Arrival in Antwerp (Belgium)
in 25-40 days

Trans-shipment in Salalah
(Oman)

Departure from Mombasa
port

Need to go wde of the
Somalian coasts due to
piracy issues

Figure 34: Food Loss in Kenyan Avocado Value Chains (Estimates)
Total
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Domestic
market Consumption
2
it
'"é
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£3
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“3
(e.g. avocados falling
on the ground)
~
Consumption
Avocados falling over Overripe avocados
First layers of Avocados losing weight
avocados sun-exposed
Source: Interviews Figure 37: Both Vertical and Horizontal Collaboration within a Value Chain are
Important (lllustrative)
h
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Seven Food System Metrics

Food Nutrient Adequacy . . . + =
of Sustainable Nutrition Security
. ofs. + agriculture land
S « Sustainability 2016, 8, 196; :
__Population Share with—_ oo"j& 1o o> + genetic potential
Adequate Nutrients .
optimal
 Non:Staple Energy %, condition desired e knowledge h 3
Shannon Diversity S 3 regeneration ~_ _,;,?,‘:, prodiction : population | labor
lative LY 9 B3 W < -
c::n:i:i‘:n o) implemented vicld farm size, technical x \ af
B2 i { loss of taciy S\
regeneration

knowledge

regeneration of
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natural resonrces with
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labor reduction

Figure 1. Food system metric indicators.

Spatial Scale Production inputs Agricultural Production Primary processing Secondary Distribution Retailing Consumption Integrated causal loop diagram of the conventional European food system with indicated
praceishg — exemplar entry points for external drivers of change;
Fresh milk Fresh cheese Ripened cheese packaged cheese . . erel e ore
—— 1 L A Can Organic Farming Reduce Vulnerabilities and Enhance the Resilience of the European
tkm Lanc e Food System? A Critical i H
Local W, = . o 1 1 1
W:lri::rs ‘ On farm Cheese making C:\:;e::;l::lc:)t Assessment USIng SVStem Dynamlcs Env‘ronmenta‘l lmPacts Offamng
Forage m Structural Thinking Tools Organic claims to be more environmentally friendly. Swedish Food
. o Administration report shows it falls short in 39 out of 53 reviewed aspects.
1ok ' Sustainability 2016, 8, 971 o e :
Concentrated feed AWVAZ ., e ing outperforms organic more often than the reverse.
Regional Feed (hay or mais) Y BT
Ve g7
Oy e
B Cows :
National ;; £
2
Equipment i electricity
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_— pee World Restaurants for Assessment u““;m "‘“mﬂ' Numbers. ml;dmmw“ ‘.' resented by
Sustainability 2016, 8, 449; St Sk Lamdosvae, ot s 201, N Thoughiscapism
100°000 kun fuel, packaging ustainaoil y 1 ’ h 4 5 J :




IBM Research: 5-in-5
Macroscopes will help us understand Earth's complexity in infinite detail

d S (TR 5 v LYW B 3 v T I AT L P 7 TWTT P - o
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Organize the loT Transform industries Search data by time and space
New tools like macroscopes will organize all the world's data -- Macroscopes will reveal new insights about some of the most Macroscope technology will be built on platforms that collect
whether gathered by microscopes, telescopes or everythingin ~ fundamental problems we face, such as the availability of food, and curate geospatial data so it can be easily searched.
between. water and energy.

http://www.research.ibm.com/5-in-5/macroscopes/
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production forecast for
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Decision Support System for Agrotechnology Transfer (DSSAT)



I Winter Wheat

= Kansas, USA (213,000 Km~2)
= Elevation: 207 m to 1232m (average ~610m)
= The climate of Kansas can be characterized in terms

of three types:
= humid continental,
= semi-arid steppe, and
= humid subtropical

west part irrigated - east part rain fed
= 8,800,000 acres harvested in 2014
= Second largest producer of Wheat in the US

Manhattan, Riley, KS

= DSSAT simulation using PAIRS data:
= Yield forecast — Anthesis date & Maturity date forecast
» Historical wheat yield simulation
= One point in the county vs. the reported average yield for the county
= The sub-objective was to check the general trend
= Seasonal analysis and various scenarios
= Yield potential, impact of irrigation, N
= Satellite based vegetation index integration
= NDVI-normalized difference vegetation index

PAIRS layer

Yield (kg/ha )

Humidity

Radiance &

New PAIRS layer

t2 m
end Lo

O[T - =
- - ;
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= Kansas has the largest change in weather conditions:

Ripening

smgen’
< Heading » P

Stage10.5
Flowering

<«—— Stem Extension ——>»

Stage 10 | Stage10.1
Stage9  Inboot

< Tillering > 7
N l
Staged  Stage 5 >
Leat  Leal
sheaths  strongly
Stage 2 Stage 3 strengthen  erected
Tileting ~ ers,
Staget 9"
One shoot

CONCLUSIONS:

= Global crop production estimates require the
combination of crop models (DSSAT) with big
data platforms (PAIRS)
= PAIRS offers unique capabilities include
complex cross-layer queries and data
discovery
= Geospatial big data platforms to drive this
modeling exist and are improving
= Training models on historical data is a
challenge:
= access to reliable data sets
= domain knowledge integration
= reusability of the information
= PAIRS can be used to improve forecasts (crop
type, production yield, weather, etc.) relevant
to commodity trading.
= PAIRS can be used to impact farming
operations (optimized irrigation, fertilization,
crop protection, etc.)



To conclude ...

Agri-Food Supply Chain benefits from loT,
taken into consideration:

The range, variety and complexity of the eco-system
The benefits from Cloud, Analytics & Shared Data

= Take benefit of different types of loT data from the eco-system
loT2: 1oT outside Technology, e.g. terrain, soil, weather, genetics, satellite info, sales, ...

= An loT Framework to connect sensors and actuators on a PaaS platform
= Provide Access Rights, including granular security & privacy

= Detailed Analytics & Models, enhanced with cognitive services
Build on data management, curation, statistics, physics based models, machine learning

= Blockchain for e.g. track & trace, provenance, fraud detection, ...




