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lowamtchawater is available for ecosystems!?
do
Soil moisture is 0.001% of all water on Earth.
Provides basis for most agricultural food

production and sustains all terrestrial ecosystems Al

fresh
water

All water on Earth

(1.4 billionkm3) ~

Volume of soil moisture ——— =«

Image Credit: USGS (http://ga.water.usgs.gov/edu/earthhowmuch.html)
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The World is Changing
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Observed change in average surface temperature 1901-2012

IPCC Working Group | - 5th Assessment Report
Summary for Policy Makers, 201 3



Drought impacts to increase
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Less water remains for irrigation

GRACE vs GLDAS Total Water Storage 30
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Climate changes cause conflict

H Civil conflict onset (Global)
K Riot, political & inter-group violence (Africa) Pixel-by-year: N = 3,809,432
Country-by-year: N = 1,344 Levy et al. (2005)
Hendrix & Salehyan (JPR, 2012)

F Political & inter-group violence (Kenya)
Pixel-by-year: N = 13,520
Theisen (JPR, 2012)
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We seek to

improve forecasts
of droughts and floods




Climate change impacts the biosphere

People depend on crops and forests













Drought Monitor and Forecast: USA

Relies on
6000 stations
reporting <lhr

So dense:
No satellite



Drought Monitor and Forecast: Africa

\ African Water Cycle Mon

stream.princeton.edu/AWCM /WEBPAGE/interface.php?locale

African Water Cycle Monitor Interactive Interface  Basic Interface  Tutorial Feedback

s : e I e S O n
Sm— nvorth b5 Monitor

Atlantic B R Med:tgrranean
™ ea
Ocean e _ 3

Monthly

s = LOLL) . =

* SPI (1 month) =
. e

. " ®
(c;;gal:{)gé - , v ¢ Lacscggive SPI (3 month) ¥
- ; SPI (6 month) =
g B

of o
B, * ) & Gulf of Arabian
™ s ' Aden 7 Sea

g M
s

SPI (12 month) *
Precipitation (mm)
Maximum Temperature (C) ¥
Excess water from rain, snowmelt or other

sources that does not infiltrate due to soil

saturation or high intensity but instead flows

South overland.
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90% to 100% (3229)
45% to 90% (595)
1% t0 45% (237)

silent station (393)

N

ilent station crisis
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VVe need data

from many locations

that are delivered
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VVe have data

from increasingly fewer
locations




Three related problems.

Data density
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One integrated solution.

PULSE Lab

Princeton University Low-cost Sensors for the Environment

A low cost sensor network
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A low cost sensor network,
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A low cost sensor network,

Brain Connector Sensor Enclosure
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uSD card logger Each pod can counter
manages power, accommodate up to 8 Rain gauge,
daughter boards flow meter

SENSOrS, cOomms




A low cost sensor network,




A low cost sensor network,

Longwave & Shortwave Radiation & Crop Greenness




A low cost sensor network

Daughter Sensor Boards
Pressure & RH




A low cost sensor network,

Burkina Faso — June 201 3

Easily integrates with existing recording gauges




A low cost sensor network,

Many technologies are available to allow
energy harvesting & battery management
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A low cost sensor network,

Our Design

Enclosure
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Legend:

' Done

SMS Cellular —* Backend
Alerts Gateway Server Interface




communicating in real-time,
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There’s a large and rapidly growing cellphone
network in sub-Saharan Africa




communicating In ,
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Pods send SMS messages to a gateway that
posts messages onto the internet



ommunicating in real-time,

Pulse GSM-GE865 v5
April 2013

-
-
m

SM radio shield

for SMS-based
communication
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Binary SMS, can pack at least 60 data points
(including time stamps) per message




storing data in an
open web-based API

Adding data: ) ) ) REST API Adding data:
http POST K-";Ms it G\Z’T\\ http GET

L\ NVX

CAN

G T o 35 R

> curl -X POST http://app.ppd.io/data/ -d {**<data document>"}

/:—...—:-“:“—\

Gateway messages onto the internet



storing data in an
open web-based API

Adding data: ) ) )y RESTAPI Adding data:
http POST K";Ms e&m http GET

L\ NVX
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G T o 35 R

> curl -X GET http://app.ppd.io/data/

Posted data immediately available via http
GET requests



storing data in an
open web-based API

University vs. Enterprise solution:
We want to be scaleable and open from the start

Heroku  MongoHQ

https://github.com/nicolaiarocci/eve PaaS DaaS



https://github.com/nicolaiarocci/eve

storing data in an
open web-based API

"_1d": "5201dad99e01040002a3ab30",
D2 4152406520 .




storing data in an
open web-based API

"_id": "5261da899e01040002a3ab30", Unique ID
"p" : "4152496520",

"t":"Mon, 10/13/2013 12:04:00 GMT",

B |

sirain..




storing data in an
open web-based API

"_1d": "5201dad99e01040002a3ab30",

Ilpll : 1 15249652®" : POd ID
"t":"™Mon, 10/13/2013 12:04:00 GMT",
HV" : 1" @ll ,

gleipgan..




storing data in an
open web-based API

"_1d": "5201dad99e01040002a3ab30",

hs . 41524096520
"t":"Mon, 10/13/2013 12:04:00 GMT", Data time stamp
IIV":" @Il,

glelpain..




storing data in an
open web-based API

"_1d": "5201dad99e01040002a3ab30",

"p" : "4152496520",
"t":"™Mon, 10/13/2013 12:04:00 GMT",
e ngan, Data value

glelipgan..




storing data in an
open web-based API

"_1d": "5201dad99e01040002a3ab30",

"p" : "4152496520",
"t":"™Mon, 10/13/2013 12:04:00 GMT",
IIV" : 1 @" ,

nsn , I r'aln" : Variable




storing data in an
open web-based API

"_1d": "5201dad99e01040002a3ab30",

"p" : "4152496520",
"t":"™Mon, 10/13/2013 12:04:00 GMT",
IIV" : 1 @" ,

gleipgan ..




storing data in an
open web-based API

"_1d": "5261da899e01040002a3ab30",
"p" : "4152496520",




storing data in an
open web-based API

"_1d": "5261da899e01040002a3ab30",
"p" : "4152496520",
"t":"™Mon, 10/13/2013 12:04:00 GMT",




storing data in an
open web-based API

Retrieving all data for a specific pod:
> curl http://app.ppd.io/data/?where={"p": "10023"}

Retrieving all data for a specific sensor:



A low cost sensor network,

communicating in real-time,

storing data in an
open web-based API

- . PulsePod Models Decisions
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Local Cell Cell Tower Online Data Assimilation  Actionable
Sensor Pod Uplink Hub to Internet Database  Drought Forecast Intelligence

Commercial Application
Private-use-of local-data

\_Local | | Public information on natural hazards
monitoring — - Open use of distribtted data




System is in beta, in the midst of multiple deployments

Summer, 201 3: Ouagadougou, Burkina Faso
Nov, 201 3: Zambia southern/eastern provinces
Spring, 2014: Kenya Laikipia/Mwea districts

We're eager to find more opportunities!
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Modular Local Cell Cell Tower Online Data Assimilation  Actionable
Sensor Pod Uplink Hub to Internet Database  Drought Forecast Intelligence

Commercial Application

, ' Private-use-of localdata ™ |
Local /| ™~ Public information on natural hazards

monitoring ~ =y Open use of distributed data




PULSE Lab

Princeton University Low-cost Sensors for the Environment
http://tronic.princeton.edu/pulselab

Thank You!

adamwolf@princeton.edu
kcaylor@princeton.edu
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