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Introduction

Welcome to SiteMapping.Guide, an online guidance for the production of site maps in humanitarian response. Site maps are a key resource at all stages of a camp lifecycle; from the site planning of empty or partially settled land; the coordination and management of services on a site; the development and improvement of a sites’ infrastructure; to the site closure/handover/decommissioning stage.

The aim of this guidance is fourfold:


	Broaden the development of site maps to more humanitarian actors and profiles, mainstreaming the skills required and reducing reliance on a limited pool of specialized profiles.


	Increase the speed at which site maps are developed. The shorter the lead time for creating site maps, the more useful they are for planning activities and coordinating partners in site, especially in sudden onset contexts.


	Scale the availability of site maps to increase their benefit to reponses in a wider number of sites as well as in a wider number of countries.


	Encourage the creation of consistent site map products, in terms of visuals, quality and process that are affected population-centric and that adhere to data responsibility and safeguarding standards.




The Site Mapping Guide provides a full step-by-step workflow to develop site maps. It also outlines key considerations and data protection risks associated with the management of drone captured imagery, as well as the responsible dissemination of related information products produced in the process.

This guide presents two different approaches to developing site maps. The first approach uses existing satellite imagery and the second uses drones to capture aerial imagery of sites when and where satellite imagery is not available or not suitable.





Figure 1: The Site Mapping Workflow Source: IOM
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1 Identifying requirements

Producing site maps requires a significant investment of personnel, time, software and hardware. In addition to these, the political/security/conflict context of the area, as well community acceptance and regulatory framework are factors to consider in whether or not site maps can be developed in your context and if so, which approach is most feasible.

Before jumping into how to develop site maps, it is important to first assess if they can or should be developed:


	Are site maps needed in your context and what activities or decisions will they inform?


	What stakeholders need to be involved, both in the development of the site maps (affected population, local and national authorities, staff, etc) and in their use (CCCM actors, local authorities, etc)? How will buy in from these stakeholders be ensured?


	What is required to develop site maps in your context? Regardless of the chosen approach, the development of site maps requires funding, personnel, time, hardware, software, and connectivity. A shortcoming on any of these may affect the feasibility or timeline of the development of site maps.


	What red-line contextual challenges, risks and sensitivities exist or may arise during the development of the site maps that could affect the overall feasibility or appropriateness of their development?





1.1 Stakeholders

Whilst the development of site maps should be approach and context dependent, typically the following stakeholders will be involved:


	Affected population in sites. These need to be consulted before collecting drone-captured imagery to make sure they are informed and consent to the activity in order to minimize risks associated with this approach and prevent any misunderstandings.


	Humanitarian actors. These can help inform which and how many sites need to be mapped. Humanitarian actors, especially those on the ground, will also feed into the iteration process of the site maps, in order to validate geographic information and keep the maps and the underlying data layers up to date.


	Authorities. The authorities are a crucial interlocutor for approvals. In addition, their engagement can promote the use of the site maps in decision making processes. The participation of authorities in the site mapping process will also facilitate the handover and long term management of information, expertise and equipment, as well as support capacity development initiatives for future scenarios.


	Legal team. IOM Legal colleagues will provide any additional guidance on data collection, processing and sharing related to your specific context and are responsible for providing the final approval on the use of drones.






1.2 General Requirements

Developing site maps typically requires the following:


1.2.1 Personnel

Staff with relevant skills and expertise. Support staff such as drivers and procurement support will also be needed. Depending on the number of sites and how quickly the site maps are needed, the site mapping team may need to be scaled up.



1.2.2 Context

The security, political and regulatory environment play a large role in determining the approach to site mapping in a country but also whether or not site mapping is feasible at all. Identification of such challenges and potential risks is best done as early as possible to avoid wasting resources or to allow sufficient time to mitigate them.



1.2.3 Time

Developing site maps can be a time-intensive process, requiring prior consultations with various stakeholders, lead-time for procurement of equipment, travel time for site visits, time for collecting and processing the imagery, composing the site maps and collaboratively iterating and updating their content. These are important factors to consider when looking at the time frame of their intended use.



1.2.4 Funding

There are a series of financial costs involved in the development of site maps that need to be taken into account. Annex 4 provides a table with indicative figures for the purpose of costing a site mapping exercise.



1.2.5 Hardware and Software

Hardware requirements include: a laptop (with sufficient processing power, RAM and storage); a drone kit (drone, remote, batteries etc.); a smartphone (for use as a remote control); ground-control points (printout or spray paint). It is optional but advised to also have tablets, to support usage of the maps and any connected data collection exercise.

Software requirements include: QGIS (or other GIS software like such as ArcGIS); DJI Fly mobile app; Dronelink mobile app (or similar for flight planning); WebODM (or other drone image processing tool such as PIX4D); Avenza Maps (or similar, for geoPDF usage) 1



1.2.6 Connectivity

In situations of sudden onset disasters, connectivity can be very challenging and quite often can lead to bottlenecks and delays. While connectivity requirements vary depending on the chosen approach, a minimum degree of connectivity should be assumed for the initial gathering the required geographic information and data layers.

If using satellite imagery sufficient connectivity to download the imagery is required, or alternatively all map development can be done remotely with feedback from within country. Connectivity also affects the UAV imagery workflow as limited connectivity will require the use of offline tools only and for all processing of the imagery to be done locally. In areas with good connectivity, the imagery can be transferred to remote tools and computers for processing, allowing for a higher degree of remote support.








	Where possible free and open source software is used in this mapping process, in-line with the UN Secretary General’s Roadmap for Digital Cooperation. An exception for this are the Dronelink app which is commercial and Avenza Maps which is free includes paid features.↩︎








  
  
  ch003.xhtml
  
  

  
  



2 Deciding on an approach

There are two approaches to making sites maps presented in this guide. The main differerence between the two is in how aerial imagery is obtained:


	Using high-resolution satellite imagery.

	Using drones to capture aerial images of the site.







Figure 2.1: Uses and challenges of drone use  Source: ICRC
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3 Satellite imagery

The choice of using satellite imagery, instead of capturing aerial imagery using drones, may be due to the need for rapid mapping turnaround time, lack of direct access to the area of interest or limitations to flying a drone listed in the previous chapter.

This section introduces the different types of satellite imagery, what to consider when choosing imagery most appropriate for your use case and where to source the imagery.


3.1 Types of satellite imagery

There are different types of satellite imagery. The types of imagery generated from a satellite depends on the kind of image-capturing method (remote sensing technology) it uses: active or passive sensors. Active sensors emit radiation towards the Earth’s surface and collect the reflected radiation. Lidar and Synthetic Aperture Radar (SAR) are both example of active sensors. SAR emits electromagnetic pulses whereas Lidar emits light pulses towards the Earth surface, both measuring the reflection. Passive (or Optical) sensors detect radiation naturally reflected from the Earth’s surface and are dependent on the day-night cycle.

For the purpose of site mapping, satellite imagery sourced using Optical satellites is most prevalent and useful (as these typically produce imagery with colour similar to how the human eye preceives color).





Synthetic Aperature Radar(active) vs Optical(passive) sensors Source: ESMA Lisbon
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4 UAV imagery

Once you have understood what is required to collect aerial imagery using drones, the site mapping exercise and the use of drones has been discussed with the various affected stakeholders, a risk-benefit assessment has been conducted and approvals and permissions has been received from relevant actors, you are ready to start planning the flight.


4.1 Obtaining a drone kit








Note for IOM staff




On request, the Global CCCM team in Geneva can coordinate, with the support of the site mapping team, the deployment of a drone kit located at IOM HQ. IOM staff can reach out to CCCM Support globalcccm@iom.int with a brief description of the site mapping exercise and the intended use of the site maps, as well as the risk-benefit assessment and approval from IOM LEG colleagues. If and when available, the drone kit will then be sent with staff deployments or shipped to the requesting mission.







Online courses are available to accompany first-time UAV operators such as displacement site planner Andrea Cippa’s 5-part tutorial on mapping with drones available here.








Note for IOM staff




IOM staff planning on using the CCCM deployable drone kit should register and complete the following online course and present certification upon requesting the kit. Whilst you may not plan to operate the drone in Switzerland or the EU, the certificate will show an understanding of how to operate drones and depending on the requirements of the intended country of flight, certification issued by an ICAO member state is required. Switzerland is a member state (The full list of member states can be found here).







As a drone pilot, you are responsible for operating your UAV safely. It is crucial to check your drone is registered with the national authority and the registration number is displayed on the drone. The following is a simple checklist applicable to open category drones weighing under 250g with a camera. Please note this list may differ between country so it is very important to always check the national aviation authorities website.


	Insure the drone and carry the insurance certificate with you when operating the drone;

	Check no-fly zones any potentials obstacles in the planned flight area;

	Maintain visual contact with your drone at all times;

	Maintain a safe distance between the drone and people, animals, buildings, infrastructure, or other aircraft;

	If there is an accident with the drone which results in a serious or fatal incident with a person or other aircraft, inform the national aviation authority;

	Familiarize yourself and carry with you the manufacturer’s instructions.



The main things to remember whilst flying a UAV are: - Do not fly over gatherings of people; - Do not fly above 120m from the ground; - Do not fly near an aircraft or in proximity of airports or helipads; - Respect peoples’ privacy; - Do not use the drone to carry and or drop items. - Do not fly at an altitude which would allow the identification of people from the imagery captured.



4.2 Registration and certifications

Depending on the context, you may need to register with the relevant aviation authority of your country and complete a certification to receive the necessary license. Whether you need to register the drone, yourself or obtain a license/ certification to fly it will also depend on the type of UAV you are planning on flying. It is important to always check local rules and regulations and therefore flight requirements before use as these may change over time.

To determine what kind of paperwork you need to fly the UAV, you should determine the weight and type of UAV you are planning on operating. In most contexts, if the UAV weighs less than 250g but has a camera or another type of sensor which could be used to gather personal data, registration and certification to operate it will be required.



4.3 Pre-flight

Prior to the flight, consider the following: 1


	Documentation: Consider what documentation you need to carry with you while operating the UAV. In some contexts, proof of competence and an insurance certificate need to be with the operator during the flight.


	Weather: Most UAVs are not waterproof and therefor it is important to check precipitation forecasts in the flight area of interest. Wind speed also has an adverse effect on drone flight. Both type and size influence the susceptibility of drones to wind. Smaller drones, such as the DJI Mavic Mini for instance, have a wind speed operating ceiling of approximately 18km/h. Clouds, if above the flight altitude can have a positive affect as they act as a giant soft-box scattering sunlight, but if they are rolling may cause inconsistencies with light exposure. If possible, it’s best to fly around the middle of the day, when the sun is overhead, to limit shadows in the imagery.


	Stakeholder engagement: Assuming regulatory processes have been followed, it is important that the population in the site area of interest is fully informed of the planned flight and understands the objective, that there is acceptance of the activity and that there is a communication channel in place for the community to voice any complaints or feedback.


	Hardware checks: Make sure that all batteries are charged and that all required equipment is functioning.


	Pre-identify takeoff and landing sites: A suitable area will be free of obstructions such as trees or overhead wires and away from move foot or road traffic.


	Create a flight plan: This includes the planned route, with altitude, overlap and takeoff/landing areas pre-programmed. There are restrictions on where and how high the drone can be flown such as within a certain proximity to airports or military bases, buildings, residential areas, people or gatherings of people. Identify potential obstacles and restricted areas in the flight area and familiarize yourself with the minimum distance to keep away from these. Ensure you will be able to maintain “VLOS” or Visual Line of Sight/ contact with the drone at all times throughout the flight.





4.3.1 Nadir vs oblique images

The image captured when a drones camera faces directly down is called a nadir image. For creating an orthomosaic of a site, nadir images are preferred to oblique images which are more suited to tasks such as 3D modelling.





An example of an oblique angle image of Bakassi Camp, northeastern Nigeria Source: IOM
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5 Tracing and labeling

Once the aerial imagery has been obtained, two primary post-processing approaches are involved to extract the geographic information of different site features from the imagery. The site mapper can either manually or automatically trace and label site features. The site features that will be extracted from the aerial imagery will depend on the specific needs for, objectives and audience of the site map.

For instance, the site mapper may look to map the location and configuration of shelters in a site. Post-processing of the image will consist of generating a new data layer of shelter outlines.

It is important to be aware of the advantages and the disadvantages of choosing whether to manually or automatically trace and label site features in order to determine which option is most suited. The table below presents a summary of both.








	Manual
	Automatic





	Advantages  Extracting geographic information by manually tracing and labeling requires only basic GIS skills.  It can be done offline in contexts with limited connectivity.  Allows for medium to high accuracy of traced shelters and buildings that have irregular or non-rectangular geometry.
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6 Composing site maps

Site maps are composed of layers of geographic information/ data. These data layers are loaded and manipulated in a Geographical Information System (GIS) such as QGIS, ArcGIS and others. After layers are correctly projected onto their corresponded geographic location and different visualization settings are applied, a layout is composed (either from scratch or from an existing site map template).The layout is then exported to PDF or geoPDF. Styled and raw data layers can can be saved into a Geopackge for a seamless transfer of geographical information between mappers and future mappers.


6.1 Examples of site maps

Below are some examples of site maps. More examples can be found here.









(a) Source: UNOSAT










(b) Source: REACH Initiative







Figure 6.1: Examples of Site maps






6.2 Working in GIS

GIS software can open different file types: Vector files (which use points, line segments and polygon objects to identify geographic information), Raster files/images (which use cells/ pixels to represent geographic information), and Delimited text files (such as .csv file types). For example:




	Data Layer Example
	File Type





	Aerial Imagery
	Raster file



	Location of healthcare facilities or service providers
	Vector file



	Population per block
	Delimited Text file






6.2.1 Loading data layers and veryfying projections

To prepare the site map, load the data layers into a GIS workspace, such as QGIS.

Most publicly available geographic information datasets are projected in a world Coordinate Reference System (CRS) (WGS 84). When loading a layer projected in a whole world CRS, the layer will look slightly distorted in the workspace. Ensure that the Project CRS is set to the area of your site location. You can use the epsg.io database of coordinate systems to know the coordinate system you should be using for you context. All loaded data layers need to be checked and projected where needed, according to the project CRS.



6.2.2 Layers and elements of a site map

This guide is accompanied by a site map template which can be loaded into QGIS’s Print Composer. Below is a dummy example of a site map produced using [this template](.





An example of a dummy site map composed in QGIS using the site map template included in this guide. Source: IOM
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7 Collaboration

Throughout the development cycle of site maps, the contributions and participation of the different stakeholders identified earlier in this guide, is key to producing high quality, updated site maps. Static PDF site maps are the main output of this workflow. However, it is also important to recognise that other products are created in the process of making site maps, such as:


	Aerial/ Satellite imagery of sites in which CCCM, shelter or other humanitarian activities are being carried out,

	Spatial database of the site environement and its infrastructure,

	GeoPDFs,

	Site map template




7.1 Information and knowledge management

These are valuable information products which can be used by colleagues and other humanitarian actors to inform conduct thematic analysis as well as serve as an evidence base for advocacy, planning and decision making.

More importantly, these products are tools to collaborate with stakeholders and actors on the ground that in turn can:


	Verify and validate the information,

	Feedback and suggest modifications,

	Update the data when changes occur on the ground.



Therefore, the manner in which this data is stored, presented and shared is crucial to both allow for and promote the use of site maps.








Note




IOM and partner agency/ NGO staff can and are encouraged to share these data products with the CCCM Global Cluster so there is continuity in the management of site data. The CCCM Global cluster can play a role in facilitating the storage, dissemination and use of site data whilst ensuring it is done so responsibly.









7.2 Interoperability of GIS and CAD data

GIS and CAD interoperability is key to developing sustainable site data lifecycles. Whilst both can be used to create spatial data layers and produce maps, each software has distinct uses and advantages. These are summarised in the table below:








	CAD
	GIS





	Design and Drafting tool
	Data gathering, display and analysis tool



	Allows for survey-level precision
	Allows for attributes/ information to describe features



	Produce construction documentation and plans
	Conduct data analysis and display data/ produce thematic maps (terrain analysis, generate point clouds;  Install plugins to integrate satellite imagery directly into GIS site mapping project space;  Install other plugins such as water supply simulation tools (Epanet) or flooding analysis tools (for example RiverGIS for HEC-RAS)
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Glossary

A glossary of terms used throughout this guide:


	DSM

	
Digital Surface Model. A modelling of a an area that include foliage and structures.


	DTM

	
Digital Terrrain Model. Similar to DSM but excluding foliagge and other structures. Also Displacement Tracking Matrix, an IOM initiative that gathers data on mobility, vulnerability and needs.


	Drone

	
Common term for unmanned or remotely-piloted aircraft.


	Georeferencing

	
The act of aligning geographic data (such as a map) to a known coordinate system.


	GIS

	
Geographic information system. In general terms, a system that is designed to manipulate, store, analyze, and manage spatial and geographic data.


	GSD

	
Ground sample distance. The resolution of an aerial image


	IOM

	
International Organization for Migration.


	Nadir

	
In aerial photography, the point on the ground that lies directly below the perspective center of the camera lens; also, images taken from this perspective (i.e., straight down).


	Orthomosaic

	
A two-part process in which a number of images are combined together or “stitched” into a single image and also corrected for distortion.


	Orthorectification

	
A process of removing the efects of image perspective and relief efects by using camera model information and elevation data, creating a fnal image that has a constant scale.


	RTK

	
Real time kinematic. A technique used to extract more-precise-than-normal position data from global satellite navigation timing signals.


	UAV

	
Unmanned Aerial Vehicle, commonly known as a drone. Radio controlled fixed-wing or rotorcraft.
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Further reading





DRONES AND AERIAL OBSERVATION: New Technologies for Property Rights, Human Rights, and Global Development

UNICEF Drones for Sustainable Development Goals Toolkit

HOT OSM UAV Mapping Guidelines

IASC Operational Guidance on Data Responsibility in Humanitarian Guidance

ICRC Handbook on Data Protection in Humanitarian Action
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