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Arbol is an Ethereum platform built to protect farmers, livestock operators,
and other agribusiness groups against weather risk via a peer-to-peer funding
mechanism. Arbol leverages publicly available weather API services to auto-
matically evaluate index thresholds and make payments to token holders. This
provides several benefits over traditional crop insurance and index insurance
schemes.

• It is cheaper for the users, as there is no organizational overhead.

• Payouts are performed instantly and automatically, whereas traditional
schemes usually have long delays.

• It is immune to corruption, fraud and human error, which are problems
associated with insurance schemes in both developing and developed areas.

• It is completely transparent in operation as all aspects of the system,
including the payout evaluation process, are on a public blockchain.

• It is customizable, as creating a bespoke protection agreement on the
platform is trivial compared to negotiating a custom arrangement with a
large insurance entity.

• It facilitates capital flow into previously out of reach markets, as Arbol is
a global, peer-to-peer platform.

• It facilitates a liquid secondary market for crop protection agreements.

In addition to providing a valuable service to the agribusiness space, Arbol
also represents an important opportunity to investors, whether they are “small
time” individuals looking for a novel, socially impactful income stream, or big
institutional players trying to find an uncorrelated source of income. Income
streams that are uncorrelated to movements in the global economy are highly
desirable, as they help mitigate risk associated with macroeconomic crashes.
Because weather events are completely independent of human activities (climate
change aside), Arbol represents a unique opportunity in this regard.

1



Contents

1 Overview 2

1.1 Weather Risk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.2 Traditional Crop Insurance and Agricultural Index Insurance . . 3

2 Weather Immunity Tokens 4

2.1 Detailed WIT Example . . . . . . . . . . . . . . . . . . . . . . . 6

2.2 Detailed WIT Benchmark Example . . . . . . . . . . . . . . . . . 7

2.3 Attributes of a Standard WIT Agreement . . . . . . . . . . . . . 8

2.4 Contract Payout Formulas . . . . . . . . . . . . . . . . . . . . . . 9

2.5 Payout: Percent of Normal Rainfall . . . . . . . . . . . . . . . . . 10

2.6 Weather Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

3 Platform Usage 12

3.1 User Ecosystem . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

3.2 Benchmark Contracts . . . . . . . . . . . . . . . . . . . . . . . . 15

3.3 Contract Implementation and the Arbol Coin . . . . . . . . . . . 15

3.4 Overcoming hurdles to Usage . . . . . . . . . . . . . . . . . . . . 16

3.5 Alternative Reference Indices . . . . . . . . . . . . . . . . . . . . 19

3.6 Expanding to include energy markets . . . . . . . . . . . . . . . . 19

3.7 Social Impact in Developing Countries . . . . . . . . . . . . . . . 20

1 Overview

1.1 Weather Risk

One of the greatest sources of volatility in income, and therefore life quality,
is the weather. This may seem odd to someone living in a developed, urban
center, but for the two billion of people dependent on agriculture, the weather
plays a large part in dictating life outcomes [15].

Lack of rainfall during the growing season can sharply reduce output for
most crops, with the example of corn yield declines coinciding with rainfall defi-
ciencies shown in Figure 1 (see also [16] for a broader study highlighting weather
sensitivity of crop yields across a range of crops and geographies). Conversely,
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excessive rainfall can be equally damaging to crops (see Westcott, Shrivastava,
and Amin in [4], [5], and [6]). Crop losses stemming from drought and ex-
cessive rainfall cost producers billions, and are almost always accompanied by
destabilizing rises in commodity prices.

These crop price shocks pose a constant background risk to developing
economies (see [17]), but can sometimes also lead to periods of dramatic so-
cial unrest. The Arab Spring revolutions of 2011 started as protests against
rising food prices that were triggered by droughts in Russia, Ukraine, China
and Argentina and torrential storms in Canada, Australia and Brazil. The cur-
rent conflict in Syria was also partly caused by a severe drought that devastated
rural farmers in 2006 ([18] and [19]) .

1.2 Traditional Crop Insurance and Agricultural Index In-
surance

Traditional crop insurance entails a farmer purchasing a crop protection policy
for a premium before crop planting and an insurance company subsequently
providing compensation in case crop production is damaged during the growing
season. To verify damage, agents from the relevant company or government
officials will inspect the crop area. Beyond the simple concept, there are large
variations in the types of policies and levels of subsidies offered for these schemes
in different countries. Insurance companies also do not simply hold on to the
vast sums of premiums collected; instead, they in turn invest those premiums
in various investments to earn higher returns. Many crop insurance schemes
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also work closely in conjunction with government agencies that often subsidize
policy premiums paid by farmers and monitor crop production.

Traditional crop insurance serves an important societal function of provid-
ing income stability to the agriculture sector, but the need for crop damage
verification leads to significant drawbacks. For farmers, subjective crop damage
assessment can cause disputes over the scope of crop damage entailing signifi-
cant delays in payment and expensive legal fees in lawsuits against government
agencies or insurance companies. For governments, verification is an expen-
sive exercise costing billions of dollars in subsidies and administrative costs.
For instance, the US crop insurance program has subsidy costs around $13bn
per year and administrative costs on top of almost $1 billion per year [13]. The
crop insurance program also requires a heavy regulatory bureaucracy to prevent
fraud damage claims and to ensure insurance companies effectively manage their
pools of funds needed for damage payouts. In wealthier countries such costs are
manageable but government subsidies are increasingly under threat from bud-
get cuts. In developing countries farmers often have no viable crop insurance
as governments lack sufficient funding to implement such programs. Crop dam-
age verification in such countries is exceedingly difficult due to remoteness of
farms and subjective assessments leave farmers exposed to corruption at the
local level. These issues are highlighted by the fact that countries such as India
have tried to implement traditional crop insurance numerous times with most
attempts plagued with incidences of fraud and corruption [14].

To remedy many of these issues, corporations and supra-national entities like
the World Bank have been offering index insurance services. These services are
typically structured as mechanisms which furnish a payment when some spe-
cific reference index, such as rainfall, rises above or falls below an agreed-upon
threshold. A key difference from traditional crop insurance is that agents are
not sent to evaluate a specific incident of crop loss at the site. Index insurance
projects have been deployed in India, Kenya, Malawi and Mexico [9] as an anti-
dote to traditional crop insurance schemes’ high subsidies and costly regulatory
structures that are prone to corruption. In developed areas, index insurance
deployments have the benefit of removing the qualitative judgments involved
with calculating damages by insurers and government agents. However, all in-
dex insurance deployments are still hampered by lack of capital, bureaucratic
delays, and most farm operations are simply too small for huge entities such as
Swiss Re to get involved.

2 Weather Immunity Tokens

The Weather Immunity Token (WIT) elegantly solves all of the problems as-
sociated with both traditional crop insurance and agricultural index insurance.
From a high level, WITs work like this:
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• A farmer and an investor both pay some amount of ether (plus a small
fee in Arbol Coin or Ether) into a smart contract and receive a WIT in
exchange. A smart contract digitally verifies and enforces the conditions
of an agreement without the need for a third party.

• At the end of the term period for that WIT, the terms of the WIT (say,
rainfall) are evaluated against the results of a weather API query.

• If the risky weather condition was found to have occurred, the farmer gets
all of the ether. If the risky weather event was found to have not occurred,
the investor gets all of the ether.

WITs are a decentralized version of index insurance, paying out based on
evaluation of weather data. They remove the delays and inflated costs associated
with the “boots on the ground” payout evaluation method of traditional crop
insurance.

WITs are more efficient than index insurance, because even index insurance
schemes still have a massive insurance entity behind them. All of the overhead
associated with running and regulating the entity stays in the users pockets.

WITs have faster and more error-free payouts than traditional or index ar-
rangements. Payouts are done at the click of a button. Payments are irrevocable
and lengthy legal actions are impossible.

WITs hold the users’ ether in a smart contract, so (given a secure software
implementation) loss of escrowed funds due to fraud, error, or irresponsibility
is impossible.
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WITs make ether payments directly to the token holder. Since there is no
human intermediary during payment, it is impossible for users to be defrauded
at payout time.

WITs make it possible for agribusiness entities with unique risk situations to
easily create an agreement that works for them. There is no lengthy negotiation
with a huge insurance entity – the P2P marketplace simply takes care of it.

WITs work in regions that are previously not profitable enough for large in-
surance entities to set up shop. Tiny farms will be able to mitigate their weather
risk by engaging in micro-protections in an international P2P marketplace.

WITs are ERC721 compliant, so they can easily be traded or transferred
during the term period, before evaluation. Secondary trading of WITs leads to
even greater liquidity.

2.1 Detailed WIT Example

Consider Alice, who is a farmer in Iowa. It is April and she has planted corn
on her land which will be harvested in September. Her crop is very sensitive
to shortfalls in rain – especially in July when the corn plant is in the process
of pollination. Low rainfall during this critical period will shrink the output
of the crop, which directly reduces revenue for Alice. Since Alice has already
spent funds on inputs such as fertilizer, a poor crop directly reduces revenues
and therefore profits at the end of the season.

To hedge against the risk of poor rainfall, she logs into Arbol and creates
a WIT proposal to pay 0.5 ether for 5.0 ether of weather protection in total.
She chooses a weather station in her local area, and selects the index option
”rainfall, 10% below 10 year average.” The contract will pay out if the average
rainfall in her area this coming July is 10% below the average of the prior 10
average July rainfall measurements in the same area. Her 0.5 ether is taken into
escrow by the WIT smart contract and her WIT proposal is created.

Bob, a Swiss businessman, wishes diversify his investment portfolio by pro-
viding weather protections to farmers. He logs into Arbol, sees Alice’s proposal
for 4.5 ether in exchange for a 0.5 price. The platform will have statistics avail-
able on the region’s rainfall history and frequency of shortfalls. Based on the
historical data and his loss tolerance, Bob decides that the price is sufficiently
high compared to the risk of low rainfall, thereby offers a good opportunity
to earn income. Bob accepts Alice’s proposal, and his 4.5 ether is taken into
escrow. A second WIT is created, and both party’s ether is locked until the end
of the July evaluation period. Bob pays a small fee in ERC20 compliant Arbol
coin (see more details in the implementation section) or in Ether, depending on
user preference.

During this period, both Alice and Bob may transfer or sell their ERC721
compliant WIT to another party. Prices on existing WITs are free to move up
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and down with supply and demand just as they do for crop futures. If, halfway
into the month of July, the market rate for a protection agreement such as
Alice’s has gone up in value, she is free to sell it on a secondary exchange and
collect a profit. The same goes for Bob – if demand for his WIT has increased,
driving up the price, he is free to sell his WIT at a profit to any buyer who is
willing to take on the risk for the remainder of the contract period. But, for
the purposes of this example, let’s say neither Alice nor Bob sell their WITs on
a secondary exchange, and instead decide to keep them until the end of their
term.

At the end of July, the Arbol platform automatically and transparently
evaluates weather data from Alice’s specified weather stations against the 10
year average for her area.

If rainfall was found to have been below 10% of the 10 year average, then
the current holder of Alice’s WIT will receive 5 ether, which will offset her corn
losses. Bob will lose his 4.5 ether in this case.

If rainfall was found to have been within 10% of the 10 year average, then
the holder of Bob’s WIT will receive 5 ether, generating 0.5 ether in profit for
Bob under a non-drought scenario. Alice will have paid 0.5 ether to offset her
weather risk.

2.2 Detailed WIT Benchmark Example

Suppose Jane runs soybean farms and soybean oil processing plants with opera-
tions all over the Brazil soybean growing areas. A drought would reduce output
and revenue from her soybean farms and her soybean oil factories would have
to pay very high market prices to purchase soybean inputs. She would like to
protect her business from losses in the event of drought.

There are soybean futures contracts available on large exchanges, however,
they are not tied to the price of soybeans in Brazil, and therefore aren’t re-
ally appropriate for Jane. For a protection agreement tailored specifically to
her business risks, Jane heads to the Arbol platform. She could create a cus-
tom proposal and wait for someone to fund it, or she could use one of Arbol’s
benchmark WIT proposals. These agreements use standardized parameters for
average rainfall over large agricultural belts during the relevant season for major
crops. They are a class of WIT’s that can be traded on a secondary market with
higher liquidity.

Jane finds the benchmark agreement for average rainfall in the major Brazil
soybean states with a threshold for 10% below 10-year average rainfall during
December 2018 - January 2019. These are the most sensitive growing months
for the soybean crop with regards to water consumption. This WIT is currently
trading at a price of 1.0 ether for 10 ether of protection. Jane believes this is
a good price for drought protection and creates a new proposal offering to buy
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protection at this price joining the other bids.

Bob, looking to further diversify his income portfolio, sees Jane’s new bid
for protection and decides it is a good price. He accepts Jane’s bid and as with
the local protection contracts, buyer and seller WIT agreements are created
with Bob contributing 9.0 ether, locking each participant’s ether in escrow until
the evaluation period is over in January 2019. Arbol also collects a transaction
fee in an ERC20 compliant Arbol Coin or Ether that goes toward ongoing
development. If the price of the soybean contract protection above rises to 2.0
in three months, Jane can choose to sell her ERC721 compliant WIT agreement
to another interested party and collect her profit. Similarly, Bob can choose to
offload his contract or keep it until the evaluation period depending on his risk
tolerance and income stream. At the end of the evaluation period, depending
on rainfall being below or above the contract threshold, the 10.0 ether in escrow
is paid to the holder of Jane’s or Bob’s WIT, respectively.

2.3 Attributes of a Standard WIT Agreement

• Reference Index API. For example, precipitation as aggregated by Ref-
erence Index API. For example, precipitation as aggregated by United
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States National Oceanic and Atmospheric Administration (NOAA).

• Location. This can be a weather station, district, province, or country (or
county, state in USA). Only locations with at least 10 years of reference
index data will be available for certain index APIs.

• Evaluation Period. The period over which the index is averaged, with a
minimum of a single day, i.e. no intraday measures due to data collection
issues.

• Threshold. For example, below 10% of normal rainfall, where normal
is defined as the 10-year average for the location during the evaluation
period.

2.4 Contract Payout Formulas

Suppose our smart contract evaluation period is between two dates D1 and D2.

Let D1 be a vector

 y1
m1

d1

 denoting the date for a given year, month, and date.

For example, August 1, 2018 would be expressed as

2018
8
1


Let P (D1, D2) be the total precipitation for the number of days between

two dates D1, and D2, each of which is a vector

 y1
m1

d1

 and

 y2
m2

d2

 as described

above

Let NP be the normal precipitation relevant for the evaluation period be-
tween D1 and D2. Then NP can be calculated as follows:

NP =
1

10

10∑
i=1

P (

y1 − i
m1

d1

 ,

y2 − i
m2

d2

) (1)

In words, the normal precipitation being used by the platform is the average
precipitation over the prior 10 years for the corresponding month and day period
in those years. For example, for the month of August in 2018, the normal
precipitation would be the total precipitation between August 1 and August 31
of each year from 2008 to 2017 inclusive. Note that the use of a 10-year average
is a matter of convention to enable intuitive selection of contract thresholds by
participants but as the platform develops these can be customized to use any
number of years for the normal period.
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2.5 Payout: Percent of Normal Rainfall

If the contract threshold is payout on a T% of normal rainfall, the payout for
the farmer, F (T ), can be expressed as:

F (T ) =

{
H( T

100 ∗NP − P (D1,D2)) T < 100
H(P (D1,D2)) − T

100 ∗NP T ≥ 100
(2)

where

H(x) =

{
0 x < 0
1 x ≥ 1

(3)

Note that the T ¡ 100 case is a drought case where a shortfall in rainfall
creates a payment for the farmer. For example, a 10% shortfall in rainfall
would be expressed as T = 90 here and pay off 1 unit if the precipitation for the
current year in the evaluation period was less than 90% of the normal rainfall
amount. Conversely, for the situation, the farmer is buying protection against
a flood situation with higher than normal rainfall. In this case, if T is 110 for
example, the contract would pay out 1 unit if the rainfall in the current year is
110% of normal rainfall.

Note that the payment for the protection provider is the inverse as for the
farmer. In notation terms, S(T) = 1 - F(T). The contract is zero-sum so at
the end of the evaluation period, the entire escrow either goes to the protection
buyer, i.e. the farmer in the cast, or the protection provider.

Once a smart contract with the attributes specified above is proposed by
a protection buyer, it will appear on a list of open contracts for a prospective
protection seller to accept. Once a seller accepts a proposed contract, the con-
tract will be activated and stay in the bilateral form till the index evaluation
period is over. Each contract will have one buyer and seller but as mentioned
previously, the payout amounts will be a relatively small, standardized amount
and multiple contracts can be initiated to cover greater amounts of protection.

2.6 Weather Data

To ensure well functioning smart contracts, it is essential to offer a variety of
impartial and high quality weather data authorities. Our platform will initially
support payout evaluations via the US National Oceanic and Atmospheric Ad-
ministration’s Global Historical Climatology Network service (NOAA GHCN),
which maintains a global dataset of precipitation from over 25,000 stations in
180 countries and territories. The NOAA weather datasets are considered one of
the main authoritative datasets in the agriculture and energy industries. Many
academic papers cite it, and NOAA has built a modern REST API with appar-
ent protections against DDoS style attacks (Arbol users will have the option to
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fall back on using their own API token should the Arbol API tokens become
compromised). However, Arbol should ultimately be viewed as an intermediary
between users and weather authorities. We do not guarantee any one weather
authority. Rather, we aim to provide users with as many API options as possi-
ble, with the understanding that it is up to the user to pick the best platform for
them. No one weather service will ever be completely invincible to cyberattacks.

By default, the contract thresholds will be set versus some definition of nor-
mal precipitation for the area as most of the agricultural community compares
weather versus averages. The default definition of normal weather for our plat-
form will be the average precipitation over the past 10-years corresponding to
the time period of the year during the evaluation period. For example, a con-
tract for low rainfall during July for a particular state of India would use the
average rainfall during the previous 10 Julys as the normal. The contract would
then set the threshold as some percentage of this normal rainfall, as described
above (see https://www.ncdc.noaa.gov/ghcn-daily-description).

The GHCN database collects weather information by stations. For narrow
location contracts such as a specific farm address or a latitude / longitude pair,
all stations within a 1 km radius will be used or a user specified radius. If no
stations are present in that radius, it will be expanded 1 km more until at least
one station has 10-years of available data. For contracts where the location is a
geographical region such as a county or a state, data from all stations included
in that area will be averaged. The chart below shows precipitation during July
over the US corn-belt, which includes states from Michigan to Kansas referring
to major corn production areas of the US.

Figure 1: Source: NOAA
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Basis Risk from Rainfall Data

The NOAA GHCN network has over 25,000 weather stations globally with
a higher concentration in North America, Europe, Australia, and Asia than in
Africa or South America. Thus, the distance of rainfall measurement location
from a farmer’s area of interest may vary depending on their region under the
GHCN network. If the distance is large, it can result in basis risk, which refers to
the rainfall on a particular farm being materially different from rainfall recorded
by weather stations nearby. In some cases we can mitigate this by taking the
average rainfall recorded by stations around the farm but sometimes this may
not be a viable option if the station network is not dense in the region.

We have chosen the NOAA GHCN network initially as it is a publicly avail-
able and transparent choice for precipitation measurements but the Arbol plat-
form’s flexible architecture will enable the addition of other data sources for
precipitation data. Instead of purely weather station measures, NOAA also of-
fers estimated precipitation from a variety of sources including satellites for a
global latitude-longitude grid which offers an effective alternative in regions with
lower density of weather stations (see https://www.esrl.noaa.gov/psd/data/
gridded/data.cpc.globalprecip.html). Over the last few years, a number
of private market companies have been producing high resolution precipitation
data with global coverage by combining data from a large number of input
sources including government weather station data, satellites, and proprietary
weather stations. In some cases, these databases may be better suited for re-
gions with sparse ground station coverage such as Africa or parts of South
America. As part of the platform’s development plan we aim to introduce new
reference indices to the platform, some of which will be reputed private market
weather data companies. These private sector indices will be offered as alterna-
tive choices to the default NOAA GHCN data and to ensure greater flexibility,
the contract participants can decide when their usage is appropriate for their
region of interest.

3 Platform Usage

3.1 User Ecosystem

Arbol’s platform is designed to be simple and flexible for a wide range of user
types.

Farmers

Using Arbol’s customized Weather Immunity Token (WIT) agreements, farm-
ers can receive payments for droughts, floods, or other adverse weather outcomes
that negatively affect their crop.

Beyond rainfall, Arbol is developing temperature and satellite vegetation
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data to offer farmers expanded ability to manage risks to crops in a rule-based
manner.

Very small farming operations may wish to form cooperative pools and join
the platform together.

Livestock and Poultry

Livestock and poultry industries are not directly affected by weather but
their business model is highly dependent on the availability of crops for feeding
animals. Indeed, for crops such as corn and soybeans, the livestock industry is a
considerably larger consumer than use for human consumption. Consequently,
input costs of corn or soybean feed are major drivers of profit. During the 2012
drought, large chicken producers like Tyson suffered sharp reductions in profit
as smaller amounts of feed was available and at extremely high prices. Smaller
chicken and livestock producers even went bankrupt as a result of the drought.
For such companies, government-subsidized crop insurance is not an option and
poor rainfall during the crop growing season is a perennial issue.

Thus a rainfall WIT for their local area is well suited to mitigate risk to in-
comes and enhance traditional hedging tools. Local customization is key, as feed
prices in a particular region can behave very differently from the broadly traded
futures contracts, which is their main tool for managing feed price risk. Cus-
tomization is a great reason to choose Arbol over other risk mitigation options
such as index insurance.

Biofuel Agribusinesses

Ethanol and biodiesel are petroleum substitutes made from agricultural
products. The most familiar of these is corn ethanol in the US and sugar
ethanol in Brazil, both of which are blended into gasoline. Similar to livestock
operators, biofuel plants are very sensitive to raw materials costs, and during
the 2012 drought, many corn ethanol plants faced huge losses or were forced to
shut down. These plants can use Arbol to generate a payment in the case of
local drought, which would help protect them against spiking materials costs.

For US corn based plants, a July-August growing season drought WIT is
ideal. For a Brazil sugar ethanol plant, low rainfall for sugar during the October
- March period is the key risk to sugarcane growth. For sugar based plants, the
other risk is too much rainfall during harvest season from April to October,
which cuts the sugar content of the plant. This risk can also be hedged easily
on Arbol.

Crop Insurers

As crop insurance gains acceptance globally, many regions in developing
markets have been seeing a growth of local insurance companies. These firms
are exposed to poor rainfall as farmer losses directly lead to higher payouts on
their part. Many of these companies will use reinsurance but Arbol can offer
a cheaper and a more flexible alternative. As exposure to risk changes during
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the season, Arbol’s WIT agreements can offer a laser-specific cushion from poor
weather outcomes for the areas under their coverage. Due to secondary trading,
these exposures can be modified in a flexible manner.

Individual Investors

Most individual investors are restricted to owning traditional assets such as
stocks and bonds and generating income from weather outcomes has tended to
be out of their scope. With Arbol’s secure platform, investors can earn cashflows
uncorrelated to stocks or bonds such as rainfall in the Brazil soybean belt. By
combining a portfolio of weather protection sales across a diverse array of local
areas, such investors can reduce the risk of excess exposure to any one area’s
weather.

Although understanding weather risk requires expertise, the platform will
provide analysis tools to understand historical weather patterns in the area of
interest for participants to make informed risk taking. With greater availabil-
ity of data and cheap computing power, individual investors across traditional
markets such as stock markets have gained greater sophistication and we expect
a similar process with weather markets. Finally, the benefits of diversification
allow for the capture of excess returns in traditional markets without necessarily
knowing all the details about individual securities; in a similar fashion, diversi-
fied weather risk portfolios can offer lower risk income streams without needing
expert levels of weather knowledge for a specific area.

Institutional Investors

Institutional investors are also welcome to participate in selling weather pro-
tection across a wide array of geographies on Arbol. We believe this will benefit
the platform by increasing liquidity and bringing costs of procuring protection
lower for farmers, livestock operators and other weather exposed parties. Re-
turns for hedge funds have declined sharply in recent years as competition has
increased in traditional markets, and high correlation in returns has made it dif-
ficult to find unique ideas. Adding trades that take a view on weather risk can
add a novel source of diversifying returns to portfolios of institutional investors
such as hedge funds. For the Arbol platform, the presence of institutional in-
vestors will enhance liquidity and allow agribusinesses to hedge a larger variety
of risks.

Incentivize Weather Forecasting

We foresee weather protection providers’ potential for income as an incentive
to investment in local weather forecasting. While broader weather forecasting
has made material improvements in accuracy and length of horizons, hyper-
local weather patterns remain an important area of research. Climate patterns
over a very small area can be quite volatile compared to the weather averaged
over a region or province. This volatility can have a strong effect on local farm
incomes - a strong set of storms over a few counties can have a major impact
on the farms therein, even if it does not show up as a strong effect on overall

14



statewide rainfall. Indeed, Monsanto’s purchase of Climate Corporation in 2013
for $1 billion was partly driven by their expertise in hyper-local weather data
[11]. Hyper-local weather has become a more important offering for farmers in
developed markets such as the US, but in developing markets this remains a
huge gap. For farmers and agribusinesses working in such countries, there are
fewer resources from weather agencies or private companies to provide targeted
weather forecasts. It is indicative of the market need that the Indian government
is devoting $308 million to improving weather forecasting [12]. We believe as
our platform is used by more stakeholders, the monetary incentive will help to
improve weather forecasting on a local level by private market participants.

3.2 Benchmark Contracts

While the standard smart contracts described above will be bilateral agreements
between a protection buyer and seller, the platform will also offer some bench-
mark, open smart contracts that track rainfall over larger, key agricultural areas.
These benchmark contracts will act as pre-set constructs with a broad set of
applicable participants. For example, one such benchmark contract would be
based on average rainfall in the US corn-belt through July and August, which
are key months for the crop. As more buyers seek protection, the cost of such
protection would increase, which would mean buyers would have to pay more
to join the pool. On the other hand, if more sellers wanted to join the pool,
the price would head lower. These contracts would be open till the end of the
averaging period. The purpose of these benchmark contracts would be to at-
tract liquidity and encourage the building of a critical mass of users. Adding
users to the platform will help spawn more customized contracts for the creation
of localized contracts as such contracts are likely to find matching buyers and
sellers with a larger user base .

Agribusiness Risk Management

For larger agribusinesses and trading firms, the presence of these larger geo-
graphic weather risk contracts would be more suitable for business risk hedging.
For example, a larger agriculture trading house or a company running sugar
mills across a large sugar growing region may find a benchmark contract cover-
ing a wide region to be more suited for its needs. Such a business is also more
likely to find greater amounts of liquidity in the form of a larger pool of willing
protection sellers to take on the necessary risk.

3.3 Contract Implementation and the Arbol Coin

The Arbol platform’s functionality is segregated into several different Ethereum
smart contracts. The primary contract extends Open Zeppelin’s ERC721 im-
plementation. When a buyer or seller sends ether to the primary smart contract
to be escrowed, they receive an ERC721 compliant Weather Immunity Token
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in exchange. When this token is evaluated at the end of the protection term
period, whoever holds this token will be the beneficiary of any payouts. For this
reason, the weather protections are easily transferrable. They were designed
with secondary exchanges in mind.

The platform will take a fee at the point of WIT creation (beyond the usual
gas fee) to support ongoing development and maintenance. Users will have a
choice to be pay fees using Ether or the Arbolcoin. The Arbolcoin contract
is an ERC20 compliant extension of Open Zeppelin’s ERC20 implementation.
The use of Arbolcoin will be incentivized by giving the user a discount on the
transaction fee versus paying in Ether. This structure maintains flexibility for
a wide range of users while encouraging use of the coin to develop the platform
ecosystem. Coin holders will have the right to vote on transaction fee structure
with the aim of revenue generation without discouraging use. The transaction
fee structure may also be differentiated by geography with less developed regions
having lower fees to encourage contract creation in these areas. Since paying the
system access fee in Arbolcoin (versus Ether) offers the user a significant cost
savings, many speculators will likely purchase Arbol coins with the intention
of selling them later once the demand for the platform has increased. Many
crypto startups and crypto investors use this mechanism to their advantage by
holding onto a large percentage of their system fee token. Thus Arbol coin, as
has been the case with many other ERC20 compliant fee tokens, will effectively
have value that is tied to the success of the platform with which it is associated
– in our case, the Arbol platform.

Each index API service has its own smart contract and implements a stan-
dard interface which allows the primary contract to support new indexes in a
modular way. The index contracts store historical data from whatever web app
they are hitting, and they store new data as it is collected to evaluate WITs for
payout. The index contracts use Oraclize as an intermediary for all API calls.
Blockchain platforms such as Ethereum operate in a way that is fundamentally
different from conventional internet websites and services – so much so that
Blockchain has often referred to as Web 3.0. One downside of this brave new
internet, however, is that in order to interface with traditional internet services
(such as a weather API), the call needs to be cryptographically verified. Oraclize
provides this service for a small fee. It is the standard solution.

3.4 Overcoming hurdles to Usage

The success of any risk management platform depends on participants who have
a genuine need to mitigate risk. Speculators often receive most of the attention
in markets but a market formed only of speculators is unlikely to be sustainable
as speculator interest is very much correlated to market volatility. Of course,
speculators serve the necessary function of bridging the gap between buyers
and sellers of different horizons and hedging needs. While our platform is not a
futures contract or insurance in the traditional sense, similar lessons apply with
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regards to attracting key stakeholders such as farmers and agribusiness which
have a genuine need to mitigate weather swings.

Customized Contracts for Local Weather Risks

For farmers and agribusiness, weather risk is a constant source of income
volatility and so they form a natural buyer for the protection. We have dis-
cussed above why the current system of centralized, government or corporate
driven agricultural insurance framework has failed farmers globally. In many
cases, weather or crop insurance is not even a viable option especially when
expected profits for insurance companies is low or local infrastructure for dam-
age verification is lacking. One might ask why the futures markets that already
trade cannot be used to mitigate risks instead of this decentralized framework.
First, the major futures contracts trade with a major, generally developed lo-
cation as their benchmark. For example, the most liquid corn contract in the
world, the CME corn contract will trade first and foremost on US supply vs
demand dynamics. Certainly if there is a global shortage of corn, the price will
rise as US exports will likely rise but many local droughts and floods do not
make a dent on the global or US scale while still causing damage to farmer
income. For example, 2016 brought one of the worst droughts in South Africa’s
Maize belt when rains failed but the benchmark Chicago exchange price (dec
2016 contract) ended the year down over 10%. For a South African farmer,
the US/Global contract provided little relief while local futures contracts have
only sporadic liquidity. In contrast, our decentralized and localized approach
to protecting weather risk offers customization that is not present in traditional
markets.

Rapid Adoption of Technology in Agriculture

Another point to address with regards to usage is adoption by the agri-
culture sector of such a platform. We believe that with an intuitive mobile
platform, the scope for growth is enormous. First, in the developed markets,
farmers have been one of the most eager adopters of technology including GPS
guided machinery, satellite imagery analysis, precision application of fertilizers
and pesticides, as well as being active on social media with crop updates. By
2013, over half the acres devoted to major crops in the US were using some sort
of guidance system for their equipment such as auto-steering tractors which
has likely grown since then [20]. Indeed, one indication of the rapid spread of
technology in agriculture is the proliferation of startups in the sector with over
$1bn funded just in the first half of 2017 for farmtech companies. For farmers
and agribusiness in developed markets we do not think there are any barriers
to adoption due to fear of technology.

Smartphones and Mobile Pay in Developing Countries

In developing markets, adoption may take the form of local agribusiness or
local pools of farmers rather than individuals, due to fewer resources at dis-
posal (see also discussion of protection buyer types). Nonetheless in developing
markets the proliferation of mobile phones and mobile payments mean that for
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many users the Arbol platform is not such a big leap.. India recently overtook
the USA as the world’s second largest smartphone market with over 40 million
sales and 23% annual growth [21]. This pace is not likely to slow down anytime
soon and many other emerging market countries are equally enthusiastic about
mobile technology.

M-Pesa, an African mobile pay system in Africa, has over 30 million cus-
tomers in over 10 countries indicating widespread adoption across countries that
have less developed infrastructure systems [22]. In India, the recent demoneti-
zation drive led to large disruptions in the agriculture sector, which has tradi-
tionally been reliant on cash. decentralized platform based on cryptocurrencies
would therefore be attractive, at least to partially protect from unexpected pol-
icy changes in the future.

Farmer networks

In less developed areas, it can sometimes be more effective to interface with
groups of farmers than individual farmers due to difficulties in adopting a new
technology such as blockchain. Instead, locally based farmer cooperative net-
works could manage risk pools relevant to their area and Arbol will strive to
form partnerships on the ground to facilitate this. Such farmer networks ex-
ist all over the developing world from Africa to Southeast Asia and have been
introducing apps to help farmers manage crop risk and send weather or price
alerts. The team’s experience in agriculture markets will enable implementation
of Arbol platform based solutions in partnership with these networks (see [24]
for an example).

Instability of Ether

The stability of the escrow currency is important. If a user ensures their
crop in ether, only to have ether’s value plummet during the term period, they
are not effectively mitigated against weather risk. We view the need for an
ERC20 stablecoin as a fundamental problem with the Ethereum network. Once
a satisfactory stablecoin has been established, we will support it in place of
Ether. We also consider Bitcoin to be a potential escrow currency. There are
also Ether hedging schemes that may be implemented, which we will provide
as an option. Over time, as the Ethereum platform matures, ether volatility is
likely to stabilize. We are currently taking a wait-and-see approach at this point,
as we view Ether stability as a problem relevant to many applications on the
Ethereum network. There are numerous capable and intelligent teams working
on this problem, and we feel our energies would be better spent elsewhere at
this stage. However, given the rapid pace of innovation in the blockchain space,
we will be closely monitoring any new solutions that look promising.
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3.5 Alternative Reference Indices

As discussed above, there are a number of precipitation datasets which we will
be adding to the platform as alternative reference indices. Besides rainfall, an-
other set of data that is increasingly common in agriculture insurance indices
is satellite-derived indices that directly convey the state of the crop. For ex-
ample, the NDVI index (normalized difference vegetation index) uses infrared
satellite data and the proportion of green color to infer the state of the vegeta-
tion. There are many other related vegetation indices that can be derived which
have correlations to crop yields as well. Using satellite index data is another
natural extension of the set of reference indices for the platform. We will aim
to add this once usage grows on the crop platform as there it can take longer
to build comfort around satellite data, which is less intuitive than rainfall. For
an example of an NDVI based insurance example, see the drought protection
index insurance offered by Swiss Re in Mexico [8].

3.6 Expanding to include energy markets

Outside of agriculture, energy is another major sector with strong weather link-
ages. A natural addition to the platform will be temperature reference indices
tailored for energy locations. Conceptually, the contract mechanics would be
equivalent but the locations of interest would be closer to population centers
such as major cities where heating or air conditioning demand is very sensitive
to weather. Indeed, markets such as natural gas futures are highly sensitive to
weather. For a local natural gas or heating oil distributor, demand and prices
are highly sensitive to winter temperatures. As in the case of agriculture, liq-
uid futures markets are only available for a few major locations making risk
mitigation difficult for a range of locations with weather risk. Looking beyond
traditional energy relationships to weather, two important weather variables
going forward will be wind and sun as renewable energy has become the fastest
growing segment of electricity generation. In many parts of the world, renew-
able energy is already competitive with fossil fuels without any subsidies and
this is likely to spread globally within a few years driving rapid growth [23].
As installed capacity of both solar and wind power grow, the power generated
from these facilities can strain existing grids as output fluctuates with wind or
solar radiation. Predicting wind speed and solar radiation therefore becomes
essential for effective management of power capacity and output optimization.
As with agriculture markets, power markets do trade in some places but in
many others areas it is difficult for wind or solar operators to effectively manage
risks stemming from shortfalls. For sellers of protection, wind and sun offer yet
another a diversified set of cashflows with little link to broader stock and bond
markets, as with rainfall for the Arbol platform. The protection arrangement
can also offer greater incentives for more advanced speculators to build better
prediction algorithms for wind speed and solar radiation, which is an active
area of research. We envision the Arbol platform offering products for a range
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of weather risks with the platform interface customized for different industry
groups.

3.7 Social Impact in Developing Countries

An important thesis of Poor Economics, an excellent book on development eco-
nomics, is that those in very poor countries are exposed to far greater risks than
those in developed countries. With a dearth of public infrastructure, even sim-
ple tasks such as drinking a glass of water take on a great deal of risk compared
to someone living in a wealthy country. This prevalence of everyday risks makes
the cycle of poverty exceedingly difficult to escape as even minor life setbacks
lead to a sharp decline in income and savings. These savings setbacks then
lead to more debt causing an increasing portion of income being used to pay
interest. The result is a life trapped in a struggle for survival with an inability
to invest in the future. Such a cycle is especially evident for farmers for whom a
perennial source of risk is the weather. Indeed, weather risk is the main source
of variability in livelihood for a vast portion of humanity whose incomes depend
on agriculture and related businesses. Without a way to control the swings in
weather, especially rainfall, many farmers are unable to cushion the blow of a
drought or flood on their crops. Beyond the outcome of a single season, the
continual uncertainty of a weather setback around the corner hampers the abil-
ity to plan productivity-improving investments such as better seeds or fertilizer.
The prevalence of suicides by farmers driven to despair by debt in countries like
India after a poor monsoon is an all too frequent reminder of the failure of the
current system to offer effective ways to manage the risk to their crops from bad
weather. Lack of protection from risk of crop failures also leads to reluctance
by banks to extend credit sending farmers deeper into the clutches of predatory
lenders charging extremely high interest rates. Arbol can bring much needed
capital to these groups, and alleviate the crushing pressure of weather risk.
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