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Árbol iot in a nutshell
Árbol IoT or Internet de los Árboles 
(IoTrees or the Internet of Trees 
in english) is a platform to engage 
citizens in urban tree mapping 
and environmental monitoring. 
designed and implemented in the 
city of Guadalajara, mexico, it 
aims to empower citizen advocacy 
and support municipal urban 
tree management to improve 
the greenery in the city. Thus, 
contributing to ameliorate high 
temperatures and buffer the 
impacts of flood events. The 
platform seeks to crowdsource 
an easy-to-update urban tree 
inventory, visualize and quantify the 
eco-benefits of trees and assist in 
public decision-making based on 
data and evidence. 

Árbol IoT is a cross-platform 
composed of a mobile and web 
app, and a network of low-cost 
sensors that allows citizens to 
monitor the pollutants suspended 
in the environment, weather 
and noise on a street scale. The 

platform encourages engagement 
with green gamification and 
enables participation of a wide 
range of the population, including 
the elderly. It fosters inclusion 
through a mobile interactive table 
that can be placed in public spaces 
and used by citizens who don’t 
have access to digital technology. 
lite versions of the mobile app 
allow citizens with limited or no 
mobile data connection on their 
devices to map and capture 
information offline and, later, 
upload it when WiFi connection is 
available.
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Árbol iot as part of the “ict-
based adaptation to climate 
change in cities” global program
Árbol IoT was conceived in the 
framework of activities of the Global 
Program “IcT-based Adaptation to 
climate change in cities (IcT-A)”. 
The program’s goal is to ideate, 
implement and upscale digital 
solutions to support selected 
cities in Peru, mexico and India 
become more resilient. Following 
the program´s strategic principles 
(see p. 9-10) the digital solutions 
contribute to achieving climate 
digital cities.

IcT-A is implemented by the 

deutsche Gesellschaft für 
Internationale Zusammenarbeit 
(GIZ) GmbH on behalf of the 
German Federal ministry for 
environment, Nature conservation 
and Nuclear Safety (Bmu) as 
part of their International climate 
Initiative (IKI).

the climate digital cities Hub
The climate digital cities Hub is 
an online platform designed to 
showcase digital solutions that 
tackle climate change in cities. 
Here, further information and 
downloads about Árbol IoT and 
other digital solutions can be found:
https://www.climate-digital-cities.com

mEXico

Guadalajara

Guadalajara 
metropolitan 
Area

Trujillo

chiclayo

Bhubaneswar

Kochi

pEru india

gErmanY
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Árbol iot & the sdgs
Árbol IoT contributes to the following Sustainable development Goals 
(SdGs):

• point 1.ii: ensure capacity 
building and participation of 
the society, local communities, 
indigenous peoples, women, 
men, youth, civil organizations 
and private sector in national 
and subnational climate 
change planning. 

• point 1.iii: reduce the 
population´s vulnerability 
and increase its adaptive 
capacity through early warning 
systems, risk management, as 
well as hydrometeorological 
monitoring, at every level of 
government.

• point 1.iv: Strengthen the 
adaptive capacity of the 
population through transparent 
and inclusive mechanisms of 
social participation, designed 
with a gender and human 
rights approach.

• point 1.viii: reducing at 
least by 50% the number of 
municipalities in the category 
of “most vulnerable”

Overall, Árbol IoT contributes 
to the Ndcs call for multi-level 
governance by offering an adaptive 
solution at the city level, with the 
option of upscaling it to additional 
municipalities. moreover, it helps 
to fulfil the identified needs of 
capacity-building, knowledge 
exchange and innovation in the 
context of adaptation measures 
in the section “capacity Building, 
Transfer of Technology and Finance 
for Adaptation”. Specifically, the 
digital solution directly supports the 
identified need of “methods and 
tools to assess climate impacts, 
vulnerability and adaptation in 
specific sectors and regions”. 

1Government of mexico (2016) Intended Nationally 
determined contribution

Árbol iot & mexico’s ndcs
Árbol IoT is contributing to the following goals of mexico’s Nationally 
determined contributions (Ndcs) in the Adaptation Area (Adaptation to 
climate change for the social sector):
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FostEr citizEn EngagEmEnt 
 ■ carrying out the program for and with citizens;
 ■ Supporting participation of vulnerable groups;  
 ■ Allowing a wider range of experiences and knowledge to jointly find   

solutions to harness collective wisdom.

tacklE local climatE cHallEngEs
 ■ Focusing on challenges identified by the citizens and that have 

been shown in climate scenarios, vulnerability assessments, etc.;
 ■ collecting and collating data and information to develop measures 

for climate adaptation;
 ■ Providing inputs to guide resilience in urban infrastructure.

contributE to tHE citY’s planning procEss
 ■ Aligning activities to current urban planning processes; 
 ■ Identifying missing data needed to increase urban resilience;
 ■ Anchoring collected data to current open data efforts and existing 

information systems. 

promotE local co-crEation
 ■ drawing upon local innovation ecosystems; 
 ■ Supporting involvement and further development of local talent;
 ■ enabling social appropriation of the jointly developed measures.

created by Adnen 
Kadri from the 
Noun Project

created by 
creative mania 
from the Noun 

Project

created by 
martin Vanco 
from the Noun 

Project

created by Yu 
Iuck from the 
Noun Project

02

strategic principles for “climate digital cities”
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plan & implEmEnt For sustainabilitY 
 ■ contribute to the long-term vision of the city, setting short-term 

actions;
 ■ Involving a wide range of stakeholders and communicating in an 

easy to understand manner;  
 ■ Aligning local, regional and national strategies. 

FacilitatE transFErabilitY & upscaling
 ■ managing knowledge, documenting innovative approaches and 

good practices in a precise manner; 
 ■ Feeding back lessons learned and success factors to improve the 

process; 
 ■ Spreading the knowledge, i.e. tools, results, etc. 

makE a rEsponsiblE usE oF data
 ■ complying with international standards as well as national and 

local norms and regulations;
 ■ Addressing and mitigating risks to data protection and cyber security; 
 ■ Strengthening the citizens digital competenc ies to recognize risks 

and threads, and protect themselves better.

prioritizE opEn sourcE 
 ■ Trying to reduce software and license dependencies for local 

governments and other stakeholders; 
 ■ Fostering collaboration with the local ecosystem and across 

sectors; 
 ■ customizing existing open source solutions. 

created by 
BomSymbols 
from the Noun 

Project

created by 
deivid Sáenz 
from the Noun 

Project

created by 
rajakumara from 
the Noun Project

created by 
rockicon from 

the Noun Project
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In each partner country, the 
Gobal Program IcT-A is carried 
out in two phases: (1) ideation 
and implemention, and (2) 
upscale. In mexico, the program’s 
political partner is the ministry 
for environment and Natural 
resources (SemArNAT in 
Spanish) through its General 
direction of climate change 
Policies. The development partners 
for each phase are the following:

ideation & implementation 
(municipal level)

• timeframe: 10/2017 - 09/2018

• partner: municipality of 
Guadalajara

• operative direction: direction 
of Government Innovation 

upscale 
(metropolitan level)

• timeframe: 10/2018 - 12/2019

• partner: metropolitan Planning 
Institute of Guadalajara 
(ImePlAN in Spanish)

• operative direction: direction 
of Sustainability and IcT

pHasE 2 pHasE 1 

03

ideating, 
implementing & 
upscaling Árbol 

iot
in mexico
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KeY resUlts (PHASe 1)

> 2-month testing period

> 5-day public mappathon

> 5 installed sensor-prototypes 

> 477 app downloads 

> 11 272 notifications 

> 3 295 validated trees

> 389 new captured trees

(municipal level)

• timeframe: 10/2018 - 12/2019

• partner:  municipality of 
Zapopan

• operative direction: 
directions of environment and 
economic development

03
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Throughout an innovative co-
creation process, the municipality 
of Guadalajara identified the 
need to improve the state, quality 
and quantity of their urban trees 
as a measure to adapt the city 
to the impacts of two major 
climate challenges: (1) increasing 
temperatures and (2) extreme 
weather events. Also, the need to 
allocate more resources to improve 
urban trees was recognized by 

the citizens as priority in the 
participatory budgeting of 2017. 
many trees have been planted in 
public areas by the municipality, 
as well as by citizens. To efficiently 
plan and manage them towards 
improving their state and quantity, 
public officers need an overview 
of all the trees in the city and 
their current situation. Thus, the 
municipality needs to develop an 
easy-to-update urban tree inventory.

Fighting climate change with urban trees

“Árbol IoT seeks to 
improve urban tree 
management and 
advocacy efforts 
to ameliorate high 
temperatures and 
buffer the impacts 
of flood events in 
Guadalajara”

mexIcO 2019    |    14

incrEasing  
tEmpEraturEs

EXtrEmE 
wEatHEr EvEnts

urban trees can 
cool the air 

between 2 and 8 
degrees celsius.

urban trees are priority 
for Guadalajara’s 

citizens (participatory 
budgeting 2017).

mature trees regulate 
water flow, preventing 
floods and reducing the 
risk of natural disasters.

04
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digitally enhanced public services 
and citizen science hold great 
potential to increase climate 
resilience in cities, providing 
platforms for inclusion and 
improving the dialog between city 
administrations and citizens. Yet, 
tendencies to prioritize technology 
ahead of citizen’s perspectives 
jeopardize their sustainability and 
scalability. 

Árbol IoT was conceived putting 
citizens – not technology – at the 
core of its design. The platform 
is the result of an innovative 
co-creation process carried out 
under a citizen-centered design 
approach. It was the first time the 
city of Guadalajara developed 
a public service under such 
an approach. The co-creation 
process carried out included 
design Thinking Sprints - a multi-
stakeholder method to develop 
digital solutions, meeting the city’s 
and citizen’s needs and desires, 
in a technologically feasible and 
iterative problem-solving manner. 

The co-creation process fostered 
cross-sector collaboration among 
several city departments. It 
brought together representatives 
from different areas including 
those of environment, urban 
planning, citizen participation, 
government innovation, etc., as 
well as universities, research 
institutes, private companies, start-
ups, activists, NGOs and citizen 
associations.

05

a citizen-centered design approach
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“Árbol IoT was conceived putting citizens – 
not technology – at the core of its design! 
The platform is the result of an innovative 
co-creation process with the goal of 
meeting the city’s and citizen’s needs and 
desires, in a technologically feasible and 
iterative problem solving manner”

mexIcO 2019    |    16Árbol iot
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Árbol iot’s cross-platform
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mobilE app
A mobile app for Android and iOS to 

crowdsource data about urban trees, inter 
alia using Augmented reality (Ar) and 

GPS. Information about trees can be easily 
validated by experts and certified arborists 

with a specific user permission. “Lite” 
versions that can be used with minimal or 

no mobile data are also available to ensure 
citizen inclusion.

wEb app & back-End platForm
A web dashboard for citizens to access all the data and 

information collected with the app and low-cost sensors. users 
can download the data and make basic data analytics such as 

the amount of carbon captured by trees.
https://arbolesmapa.guadalajara.gob.mx/ 

A back-end platform for internal use and management by the 
city. This web administrator is based on no-code accessibility 

allowing the municipally staff to make any update through 
the cross-platform (ex. push notifications, user management, 

content update, etc.) 

mexIcO 2019    |    18

EnvironmEntal sEnsor
A prototyped low-cost sensor with a 

microcontroller compatible Arduino Pro mini that 
helps citizens to monitor temperature, humidity, 

fine particles PM 2.5 and PM 10, as well as 
Nitrogen Oxide (NOx). The device contains an 

internal rechargeable battery (liPo) through uSB 
or solar feed. The devices are interconnected 
through a NBIoT (Narrow Band IoT) network. 

data can be visualized through the web/mobile 
app. It can also be piped to any other source.

06
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integrating Árbol iot data into the cities’ platforms
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“Árbol IoT mobilizes 
citizens to provide 
information about 
trees in the field to 
complement remote-
sensing data.”WeATHer

ºc mb

%
mb

%
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lm

LOW-COST 
SENSORS

STATe OF THe 
INFrASTrucTure

SPecIeS
PHOTOS

dISeASeS & 
PlAGueS

dIAmeTer

rOOTS & 
PlANTATION

IlleGAl 
lOGGING

urban trees can help to cool the air 
between 2 and 8 degrees celsius
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The urban tree inventory is based 
on an existing tree database 
developed from a 3d scanning of 
the city with lidAr (light detection  
ranging) technology, which made it 
possible to identify the number and 
location of trees. To have a more 
accurate inventory, this database 
needs to be complemented with 
tree data from the ground, such as 
trunk diameter, species, plagues 
and diseases, etc. Awareness-
raising about the eco-benefits of 
trees is achieved by visualizing 
crossed data from urban trees 
with the sensors’ real-time data 
about environmental conditions 
(air quality, noise, light and 
temperature).

07
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digital citizen Engagement & inclusion

grEEn gamiFication
Árbol IoT uses gamification to encourage 
engagement. citizens are motivated to 
use the platform and provide data through 
green point scoring. The green points can 
be earned by providing information about 
urban trees and environmental measures. 
later on, the points can be exchanged for 
virtual awards in the form of local landmarks 
such as a virtual tequila bottle or a virtual 
cathedral building. In the future, these 
virtual awards will have the possibility to be 
exchanged for public services (e.g. parking 
time or discounts on property tax).

1

public intEractivE tablE
To “leave no one behind”, Árbol IoT envisions 
means to allow participation of citizens who 
don’t have access or don’t know how to use a 
smartphone or tablet. Thus, Árbol IoT will prototype 
a mobile public interactive table that can be placed 
in public spaces. 

app “litE” vErsions
For citizens who have access to smartphones but have very 

limited or no mobile data connection, a lite version of the 
mobile App is available. This lite version allows users to map 
and capture information offline and, later on, upload it when 

WiFi connection is available. “Árbol IoT leaves 
no one behind, 
enabling participation 
of citizens with 
limited or no access 
to smartphones or 
tablets”.

08
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international
transfer
i want Árbol iot in my city! 
How can i transfer it?

As an open source technology, 
Árbol IoT is fully replicable! We are 
currently working on an interactive 
documentation package to transfer 
and upscale the platform to other 
international cities. The idea is to make 
the platform available using web-based 
hosting services. Interested cities 
can easily transfer and customize 
the platform to their specific needs, 
capacities and IT requirements. So, 
if you are thinking about developing 
something similar in your city, this is an 
option that can be easily transferred 
and tailored to fit your needs!

For further information and downloads 
of Árbol IoT please visit the climate 
digital cities Hub: 
https://www.climate-digital-cities.com
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list of abbreviations the team
bmu  Bundesministerium für umwelt, Naturschutz und nukleare  
  Sicherheit (German Federal ministry for the environment,  
  Nature conservation and Nuclear Safety)

diY  do It Yourself  

giz        deutsche Gesellschaft für Internationale Zusammenarbeit  
  (GIZ) GmbH 

ict  Information and communications Technology   

ict-a  Information and communications Technology based   
  Adaptation to climate change in cities   

iki                      Internationale Klimaschutzinitiative (International climate 
                          Initiative)  

imEplan Instituto metropolitano de Planeación (metropolitan 
  Planning Institute) Guadalajara 

iot  Internet of Things 

lidar  light detection ranging   

ndc  Nationally determined contributions

ngo  Non-Governmental Organization   

sEmarnat Secretaría de medio Ambiente y recursos    
  Naturales (mexican ministry for environment    
  and Natural resources)

sdg  Sustainable development Goals (17 goals of the   
  2030 Agenda for Sustainable development    
  developed by the uN in 2016 for a more sustainable   
  future)

uv  ultraviolet
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