
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MARTHA WELDEMICHAEL DEREJE 

June 2021 

SUPERVISORS: 

Prof. Dr. Louise (Wieteke) Willemen 

Dr. Frank O. Ostermann 

 

ADVISOR 

Dr. Evangelia (Valia) Drakou 

Assessment of nature visitation 

in Lake Tana Biosphere Reserve 

through crowdsourced data using 

social media 





i 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thesis submitted to the Faculty of Geo-Information Science and Earth         

Observation of the University of Twente in partial fulfilment of the requirements 

for the degree of Master of Science in Geo-information Science and Earth 

Observation. 

                                                      Specialization: Geo-informatics 

 

 

 

                                                        SUPERVISORS: 

                                                        Prof. Dr. Louise (Wieteke) Willemen 

             Dr. Frank O. Ostermann 

 

             ADVISOR 

             Dr. Evangelia (Valia) Drakou 

 

                                                        THESIS ASSESSMENT BOARD: 

                                                         Dr.ir. C.A.J.M. de Bie (Chair) 

                                                         Dr. Katja Egorova (External examiner) 

 

MARTHA WELDEMICHAEL DEREJE 

Enschede, The Netherlands, June 2021 

Assessment of nature visitation 

in Lake Tana Biosphere Reserve 

through crowdsourced data using 

social media 



ii 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iii 

DISCLAIMER 

This document describes work undertaken as part of a programme of study at the Faculty of Geo-

Information Science and Earth Observation of the University of Twente. All views and opinions expressed 

therein remain the sole responsibility of the author, and do not necessarily represent those of the faculty. 

 

 



iv 

ABSTRACT 

Cultural Ecosystem Services (CES) contribute to cultural identity, livelihoods, and even survival, but are 

hard to measure and quantify due to their intangible and non-consumptive attributes. However, rapid 

growth in mobile network connections and the usage of social media has resulted in huge amounts of 

crowdsourced data. For measuring and mapping CES, geolocated and timestamped social media content 

are becoming more popular. In this study, social media platforms that are used for nature visitation 

assessment have been identified using a systematic literature review. The review of the studies reveals that 

social media platforms contain geolocation and timestamps, allowing for analysis of the spatial and temporal 

pattern of nature visitation. In this study, Flickr and Twitter are evaluated for their ability to describe 

nature visitation in space and time as they are open to access data. The locations and the time of 

photographs and tweets were used to assess the spatial and temporal distribution of nature visitation in 

the Lake Tana Biosphere Reserve. The spatial visitation pattern of the Lake Tana Biosphere Reserve was 

identified by quantifying the proxy Photo User Day (PUD) and Tweet User Day (TUD). This research 

shows that most PUDs and TUDs are clustered in the south (around Bahir Dar) and northeast part of the 

area and with some PUDs and TUDs in Lake Tana. The research also shows that most PUDs are close to 

the road and on the way to Blue Nile Falls (Tis-Isat Falls). The January month, that has two colourful 

festivals, has a higher number in both PUD and TUD. Assessing the spatial and temporal pattern of nature 

visitation offers to understand which elements of nature attract people to locations around the Lake 

Tana Biosphere Reserve and when people came. 
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1. INTRODUCTION 

Humans rely on the environment they live in and that encompasses them. They are dependent on the earth's 

ecosystems and the services that these provide. So far, several definitions of Ecosystem Services (ES) exist. 

ES are defined as "the benefits that people get from ecosystems" or can be described as "direct and indirect 

contributions of ecosystems to human well-being" (Crossman et al., 2013). There are different types of ES 

these include provisioning services (products obtained from ecosystems), regulating services (such as 

climate, water quality, clean air processes), and cultural services. Cultural ecosystem services (CES) are 

defined as "the non-material benefits people obtain from ecosystems through spiritual enrichment, cognitive 

development, reflection, recreation, and aesthetic experiences" (Müller et al., 2019). 

 

CES are potential motivators and incentives for people to protect their environment (Müller et al., 2019). 

They contribute to human well-being, public health, and psychological experiences at individual and 

collective levels (Hirons et al., 2016). When destroyed, these services are significantly harder to supplant 

than other ecosystem services (Helka, 2016). CES are often essential for cultural identity, livelihoods, and 

even survival, but it is hard to measure and quantify them because of their elusive and non-consumptive 

properties (Hirons et al., 2016). However, data that are collected traditionally like household surveys, 

interviews, national statistics data, and the huge amount of crowdsourced data that are generated from social 

media offers an opportunity to measure and quantify CES. 

 

Several previous studies have been conducted to assess CES based on survey data and interviews (Codato 

et al., 2017; Plieninger et al., 2013). Also, CES can be assessed and mapped using participatory mapping, 

and public participation geographic information system (PPGIS) can be used for collecting and using non-

expert spatial information (Canedoli et al., 2017). Individual surveys and interviews are important in getting 

ideas and people's feelings about the services and they support the participation of stakeholders in CES 

valuation (Delgado-Aguilar et al., 2017). Spatial and temporal information is needed to measure and quantify 

cultural ecosystem services because supply and demand for ecosystem services vary over space and time 

(Troy & Wilson, 2006). In the case of surveys and interviews, they have a limited scope on time and space, 

but there is an alternative method like crowdsourced data to widen the scope. 

 

Currently, crowdsourced data has gained significant recognition relative to field data for the rapid growth 

of its usage and data generation, such as geotagged images and tweets is estimated to be 2.5 exabytes per 

day (Kim et al., 2019). Vast amounts of photographs which are tagged with exact information about the 

time and area where they were taken have been produced with the integration of smartphones and Global 

Navigation Satellite System (GNSS) technology like GPS, Galileo, GLONASS and other regional systems in 

different portable devices (Havinga et al., 2020). Geotagged photographs from social media (Instagram, 

Flickr, Twitter, Panoramio, or Facebook) can be used to map CES, such as nature-based recreation patterns, 

value recreational ecosystem services, investigate how recreational benefits are affected by changes in 

ecosystem quality (Havinga et al., 2020). 

 

Natural ecosystems, islands, and wetlands provide habitat for a diverse range of animal and plant species. 

Lake Tana Biosphere Reserve is rich in biological diversity. In Ethiopia, 50 % of highland areas are covered 

by Afromontane forests, and Lake Tana Biosphere Reserve is in the part of Eastern Afromontane 

biodiversity hotspot (Worku, 2017). Lake Tana Biosphere Reserve was established to safeguard the 
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enormous biological and cultural richness of the area around Lake Tana, while also promoting sustainable 

economic growth and land use(Getnet Fetene, 2017). The biosphere reserve comprises mainly of agricultural 

land, cropland, water body, church forests, and a city. The majority of the Lake Tana cultural attractions are 

churches and monasteries on the islands and peninsulas on the Lake. Forests other than church areas have 

been destroyed over centuries, and this is because of grazing activities, tree harvesting, farming, and other 

activities. However, small patches of forests that are around the churches contribute to the restoration, 

biodiversity conservation and provide many other societal, scientific, and economic benefits (Alemayu 

Wassie Eshete, 2007). Forests surrounding the churches provide crucial economic, ecological, and 

recreational opportunities also are used for social gatherings and religious ceremonies (high visitation rate 

during holiday celebrations) (Kassahun & Bender, 2019).  

1.1. Problem statement 

Afromontane forest fragments in Ethiopia and wetlands are known for their ecological relevance; however, 

the benefits they supply from non-material services are not well-understood and recognized. Furthermore, 

natural areas are not equally important to people over space and time. Some areas are preferred over other 

areas because they are close to the road (accessibility) or are more important because of their land cover 

type. Also, natural areas can be more attractive at a specific time because of seasonal changes in nature and 

people's travel preferences. This research will focus on the use of crowdsourced information on nature 

visitation through geotagged and timestamped posts, as a proxy for a human appreciation of nature in the 

Lake Tana Biosphere Reserve. Because of limited and inconsistent data, measuring and quantifying this non-

material service in the area is not well investigated. Earlier studies on nature visitation used qualitative 

methods like surveys and interviews within small study areas (Alemayu Wassie Eshete, 2007; Wondie, 2018). 

However, these methods are time-consuming, laborious, and costly. Social media data can be an alternative 

because they are often openly available, have good spatial coverage as well as we can use them to overcome 

data limitations. There are differences between platforms, and social media data appears to work differently, 

so we should select the platforms with caution.  The most commonly used social media platforms on which 

people post messages of places visited are Facebook, Instagram, Flickr and Twitter. Most research that used 

social media data to analyze nature visitation focused on a single social media platform so far and as a result, 

there is a lack of formal evaluation of various social media platforms to assess nature visitation (Tenkanen 

et al., 2017). Therefore, it is important to compare and contrast content structure and attributes of 

commonly used social media platforms and the implications for assessing nature visitation. Working with 

the social media platforms is important for tourism mangers and planners to combine the data with the 

traditional survey data so that to inform sustainable tourism development plans and policy decisions. 

1.2. Research Objectives and questions 

The research's overall objective is to use crowdsourced data to assess nature visitation on Lake Tana 

Biosphere Reserve in Ethiopia. To address the overall objective the following specific objectives and 

research questions are formulated. 

1. Compare and contrast content structure and attributes of Flickr and Twitter platforms to assess 

nature visitation. 

1.1. What are the key characteristics of structure, attributes, and content of these platforms for 

assessing visitation? 

1.2. What are the differences and similarities in structure, content, and attributes between the two 

platforms? 

2. To assess the spatial distribution of nature-visitation in Lake Tana Biosphere Reserve based on the 

two social media platforms. 

2.1. What is the spatial pattern of locations being visited by people?  
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2.2. What social and biophysical characteristics of the visited locations can explain the pattern?  

2.3. What is the difference and similarity in spatial pattern between the two platforms? 

3. To assess the temporal distribution of nature-visitation in Lake Tana Biosphere Reserve. 

3.1. What is the temporal pattern of the visited locations within a month?  

3.2. What is the difference and similarity in temporal pattern between the platforms? 

The results of the first objective are given in Chapter 3, while 2 and 3 are answered in Chapter 4.  

2. STUDY AREA 

2.1. Study Area 

The study is conducted in Lake Tana Biosphere Reserve (Figure 1), which is a protected area located in the 

north-western part of Ethiopia. In 2011 a feasibility study was conducted by the Michael Soccow Foundation 

in collaboration with Nature and Biodiversity Conservation Union (NABU) to assess the Lake Tana region's 

potential as a biosphere reserve (Zur Heide, 2012). The feasibility study shows that the Lake Tana Region 

fulfils the prerequisites to comply with the Biosphere Reserve designation criteria of United Nations 

Educational, Scientific and Cultural Organization (UNESCO). The biosphere reserve comprises Lake Tana, 

one of the foundations of the Blue Nile River, which provides important ecosystem services, and the church 

forest ecosystem provides many valuable cultural services to human beings (Kassahun & Bender, 2019). 

The total area covers 6972 square km, of which 3042 square km represents the aquatic surface and 3930 

square km terrestrial (Kalmbach, 2017). The Biosphere Reserve comprises more than 300 bird species, 21 

endemic fishes, and >180 woody plants (Kalmbach, 2017). More than 2 million people live in the Biosphere 

Reserve, with the most populated people in the region being the Amhara people (Bires & Raj, 2019). An 

enormous heterogeneity of land uses, and natural ecosystems characterize the region. Agriculture, fishing, 

national and international tourism (religious and recreational), and sand mining are the major economic 

activities in the Biosphere Reserve (Kalmbach, 2017). 
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Figure 1. Study Area (Land cover: ESA Climate Change Initiative - Land Cover project 2017)  

3. MATERIALS AND METHODS 

3.1. Method Workflow 

Several activities were performed to address the objective of this study: social media platform selections, 

data acquisition from selected social media platforms, cleaning and pre-processing the data, data analysis, 

mapping of geotagged photos, analysing the data based on land cover type and accessibility. The overall 

workflow of the study is indicated in figure 2 below. 
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Figure 2. Method Workflow 
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3.2. Literature Review 

3.2.1. Review approach 

To analyse research that uses social media platforms for assessment of nature visitation a review was 

conducted using a systematic quantitative literature review. To clarify the process of selecting and rejecting 

articles for the literature review, the PRISMA statement idea is used (Moher et al., 2009). Initial paper 

selection was achieved through searches in two databases (Scopus and Web of Science) using search terms 

(("social media") AND (tourism OR visitation) AND (nature OR "natural areas")) from the title, abstract 

and keywords. Additional papers are obtained from supervisor's suggestions.  The method that was used to 

filter the results in each step and final results is depicted in figure 3. All results that are published in English 

and within the most recent 10 years (2012-2021) were exported and processed further. After removing the 

duplicates, the titles and abstract of the remaining publication were assessed and publications related to 

chemistry, medicine, nursing, and others that did not use social media platforms were removed. From the 

remaining publications, papers that did not focus on nature visitation and did not use social media platforms 

to assess their work were removed based on their abstract. Finally, the remaining paper were assessed 

quantitatively and qualitatively based on 1) How many platforms are used? 2) What kind of platforms they 

used for their study? 3) What kind of data attributes are used in their study? 4) What are the characteristics 

of the platforms they used in their study? The final 12 results do not combine other data sources like 

interview, survey data etc., on their study, they only use social media platforms.  The results of the papers 

help to learn what attributes and platforms is needed to assess nature visitation and help to be able to select 

a platform and use the right attributes for the study. 

Figure 3. Literature review process 
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From the literature review it was found that most papers use a single social media platform for their study, 

and some use two or three platforms and do a comparison. Almost every publication included some form 

of spatial analysis and there are articles that look at image content, temporal, and text analysis. In data 

analysis, spatial and temporal analysis using social media platforms were frequently used method. Some of 

the publications that used spatial analysis looked at aspects that could influence visitation, such as the 

environment, destination infrastructure, or visitor social-demographic characteristics. Other studies used 

picture geolocation and park attractiveness to estimate visitor flows in natural areas. The origin of visitors 

(for example, where they came from) was an important topic in several articles. In some articles, the distance 

to the visitor's home to the sites were assessed. Studies that looked at temporal patterns of visitors looked 

at yearly variation. Several studies looked at seasonal and/or monthly patterns. Another study looked at the 

temporal variance in leisure activities in a well-known national park. Some publications looked at predicting 

visitation, with some of them focusing on the impact of changing environmental conditions on visitor 

numbers. So, the review of the studies reveals that social media platforms contain geolocation and 

timestamps allowing for analysis of spatial and temporal pattern of nature visitation. 

3.2.2. Assessment of social media platforms 

As this research is to learn about visitation meaning the following aspect, the where? and when? (Figure 4) 

are important so looking at the data these are the most important things. Before collecting the data, the 

platforms need to be assessed and to be able to assess the suitability of social media platforms it is evaluated 

with the criteria: 1) what type of the platform is (media sharing, microblogging, social networking) 2) what 

kinds of content (image, text, video) is posted in the platforms and 3) what kind of attributes are there (Table 

1). 4) It is also important to look the number of users to know the popularity of the platforms which helps 

to know how highly is used the platform. 5) Beside this accessibility of data is an important thing in the 

assessment of social media platforms to be able to get needed data (Table 1). Earlier studies have used social 

media platforms like Flickr, Instagram, Twitter and Panoramio also other platforms like TripAdvisor, 

Geocoaching, and OpenStreetMap were used. Facebook was not used even if they have described that there 

is massive amount of data (special permission is needed to access data). 

 

The type of content that people post on social media sites varies. Microblogs like Twitter mainly consist of 

short text content with embedded images and links to other online content, while media-sharing site like 

Flickr is rich in visual content and related text explanations and comments. A social media post's information 

content can be broken down into several components: user profile, date/time stamp, geographic 

information (geotag), certain users' comments and likes and content (image, text, video). In most social 

media platforms, an Application Programming Interface (API) is used to collect publicly available contents 

published by the platform's users. The date of the content produced or posted on social media can be 

included in a social media post also can include information about what users find. The posts can also 

contain the location where they were taken or posted from and why at that location. Content of the post 

may also reveal who the users are e.g., gender, age, country of origin. Overall social media content can also 

be used to answer questions like what? and why? the users posted. 
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Figure 4.Conceptual framework for the use of social media data (source: (di Minin et al., 2015)) 
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Table 1. Description of selected social media platforms updated from, di Minin et al., (2015); McCay-Peet, L., and Quan-Haase, (2017) and platform statistics and API information 

were obtained from the platform websites. 

Platform Type of social 

media 

Description Number of users API Data accessibility Available search parameters used 

to restrict the content that is 

downloaded 

Flickr Media sharing 

platform 

-Sharing images and 

short videos 

-Popular in 

professional and 

nature photographer 

Over 60 million 

monthly users (Last 

Updated on 2/27/21)  

https://www.

flickr.com/ser

vices/api/ 

-API is accessible for non-

commercial use 

-Users may attach a license to their 

photos 

Date/time stamp, location, user, 

keywords, tags 

Twitter Microblogging -A microblogging 

social media platform 

used for sharing 

short messages (max 

280 characters) 

353 million monthly 

active users (as of the 

first quarter of 2019) 

Different API 

available:  

https://devel

oper.twitter.co

m/en/docs/t

witter-api 

-Twitter open its full tweet archive 

to academic research product track 

-Twitter provides a commercial 

option (Premium and Enterprise 

search) 

-Twitter streaming API returns a 

sample of real-time tweets based 

on search criteria. 

Location, user, keywords, tags, 

date/time stamp, followers 

Instagram Media sharing -Photo and small 

video sharing 

platform 

1 billion monthly 

active users (as of 

January 2020) 

https://www.i

nstagram.com

/developer/ 

-Have implemented a change in its 

API, which is basic API permission 

was disabled on June 29, 2020 

User, location, keywords, tags 

Facebook Social 

networking 

-General-purpose 

social networking 

-Content: text, image, 

video 

2.7 billion active users 

monthly (as of the 

first quarter of 

2021) 

https://devel

opers.faceboo

k.com/docs/g

raph-api/  

-For the reading of data using the 

Graph API, special permissions are 

necessary. 

 

User, page, event, group, place 

https://www.flickr.com/services/api/
https://www.flickr.com/services/api/
https://www.flickr.com/services/api/
https://developer.twitter.com/en/docs/twitter-api
https://developer.twitter.com/en/docs/twitter-api
https://developer.twitter.com/en/docs/twitter-api
https://developer.twitter.com/en/docs/twitter-api
https://www.instagram.com/developer/
https://www.instagram.com/developer/
https://www.instagram.com/developer/
https://developers.facebook.com/docs/graph-api/
https://developers.facebook.com/docs/graph-api/
https://developers.facebook.com/docs/graph-api/
https://developers.facebook.com/docs/graph-api/
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3.2.3. Social media platform comparison and selection 

Researchers can collect data from social media platforms that include time and location for their study using 

an API. Based on information obtained from the platform websites data from Instagram can be collected 

but Instagram Legacy API permission ("Basic Permission") was disabled on June 29, 2020, and third-party 

applications have no longer access to the API. Also, the world's most common website, Facebook, cannot 

be used in this research due to restricted data access. Whereas, using Flickr API, it is possible to download 

geotagged and timestamped photos and use for research. APIs can also be used to collect data from Twitter, 

where millions of individuals openly exchange short text messages. But for Twitter and Flickr alike, users 

can delete content, and Twitter and Flickr can delete user accounts, so one might not get everything. 

From the literature review results Flickr take the first place which is used in 42 papers, Twitter takes the 

second place with 8 papers and Instagram the third with 7 papers (see appendix). In this study Flickr and 

Twitter platforms are selected as they provide open access to data. 

 

Flickr which was founded in 2004 is one of the oldest social media sites, with a focus on photo sharing, 

used to store and organize photographs. The Flickr database contains both actual images and picture 

metadata. This information includes camera settings as well as the date and time of the photo's capture and 

location attributes is present in the pictures. Table 2 gives an overview and description of the metadata 

attributes and date taken, latitude and longitude are the main attributes that are used in the study. 

 

Table 2. Flickr metadata selected attributes for this research and their description (Source: Flickr) 

Field value Description Usage in this research 

id The photo's unique identifier. Used to uniquely identify the 

photo 

date_taken The date on which the photo 

was taken. 

Used to know when the picture 

is taken 

accuracy The level of accuracy of the 

location information that was 

recorded. The current range is 1 

to 16: World level is 1, Country is 

~3, Region is ~6, City is ~11, 

Street is ~16 

 

Used to understand the accuracy 

of the location information 

url URL of the photo with different 

size 

Used to check the photos 

longtiude A valid longitude coordinate of 

the photo location 

Used to know the location of 

the photo 

latitude A valid latitude coordinate of 

the photo location 

Used to know the location of 

the photo 

 

Twitter is a real-time, highly interactive microblogging service that enables users to post short status updates, 

known as tweets, that are displayed on timelines. Tweets can include one or more entities in their 280-

character text, as well as references to one or more places in the real world. Before using twitter API, it is 

important to understand the data attributes of Twitter and Table 3 give a description for that. Attributes 

that have location and date information are the main attributes that are used in this study. 
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Table 3. Twitter selected data attributes for this research and their description, Twitter API v2 (Source: Twitter) 

Field value Description Usage in this research 

Id The requested tweet's unique 

identifier 

This can be used to retrieve a 

particular tweet. 

text The tweet's actual UTF-8 text. Extraction of keywords 

author_id The user who posted this 

tweet's unique identifier. 

Dataset exchange for peer 

review 

created_at The tweet's creation time This field can be used to figure 

out when a tweet was made, as 

well as for time-series analysis 

and other purposes. 

geo If the user mentioned a 

location in this tweet, this field 

contains information about 

that location. 

Determine if a tweet is 

associated with a specified 

location and its associated geo 

coordinates. 

entities__urls Expanded media content's Can be used to see media 

3.3. Data Collection and Cleaning 

3.3.1. Flickr data collection and cleaning 

Flickr is used as a source of information for downloading images taken at the Lake Tana Biosphere Reserve. 

Data is collected from the Flickr API using R code within the boundaries of the Lake Tana Biosphere 

Reserve (see Supplementary material). To set the area of interest the shapefile of the Lake Tana Biosphere 

Reserve was loaded using the 'readOGR' function. The start and the end date of the search were set using 

the 'photo_search' function by giving the 'mindate_taken' and 'maxdate_taken'. From Flickr 1165 pictures 

taken in the Lake Tana Biosphere Reserve between 2016-2020 were collected and five years data were 

preferred to ensure sufficient sample to make robust conclusion. In the collected Flickr data, some images 

are selfies (example in Figure 5) or are not related to nature visitation. To remove these images, this study 

uses Kutools for Excel's Insert Pictures from path (URL) to convert the URLs to images. The images were 

assessed manually, and selfies and off-topic images removed, leaving 978 pictures for the following step. 

ArcGIS was used to keep one photo point per raster cell (20 m resolution). After that 671 pictures location 

including urban areas were remained.  As the study is on nature visitation ArcGIS was used to remove built 

up areas using 'Extract Values to Points' tool and 498 pictures location remained for further analysis. 

https://github.com/MarthaWD/Socialmedia_analytics/blob/main/Flickr/Flickr%20data%20collection%20R%20code
https://www.extendoffice.com/download/kutools-for-excel.html
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(a)                                                                                                                           (b) 

Figure 5. Examples of selfie pictures: (a) Selfie pictures that are kept because it is trying to show people enjoying 
nature. (b) This kind of selfie pictures are removed because the intension is not to show nature 

3.3.2. Twitter data collection and cleaning 

Twitter has introduced its new Academic Research Product Track v2. API endpoint on January 26/2021. 

This version allows researchers to access large volumes of twitter data over a long-time range. To make any 

request to the Twitter API a developer application is needed and an application for gathering tweets must 

be created. After the application has been created and approved Twitter provides for the user API keys and 

bearer token and with the bearer token, the scrapping process can be performed. In this study the data 

collection process is performed by using the 'academictwitteR' package obtained from (Barrie & Ho, 2021) 

using R code (see Supplementary material). Twitter allows to query tweets originating from within a 

particular geographical buffer. In this study the longitude and latitude of the southwest and then the 

northeast corners of the bounding box of the Lake Tana Biosphere Reserve were specified and collect all 

tweets within the bounding box. In the 'start_tweets' and 'end_tweets' the start and end date of the search 

were set. The study area was divided in several parts because width and height of the bounding box must 

be less than 25miles to collect tweets and a website [https://boundingbox.klokantech.com/] was used to 

find the bounding box. From Twitter 545 tweets in the Lake Tana Biosphere Reserve between 2016-2020 

were collected. ArcGIS was used to keep one tweet per raster cell (20 m resolution). As the study is on 

nature visitation tweets in built up areas are removed using 'Extract Values to Points' tool in ArcGIS, and 

200 tweets location remained for further analysis. 

3.4. Spatial distribution of Photo User Days and Tweet User Days 

It is found that users upload many images on a single visit that is taken on the same location. So, the spatial 

visitation pattern of the Lake Tana Biosphere Reserve were identified by quantifying the proxy Photo User 

Day (PUD), which is the number of unique users who upload at least one photo in a specific location on a 

specific day (Wood et al., 2013). For example, if a user takes a picture at a given location twice, only one 

need to be considered in the analysis, one photo per user per day in a defined site. The PUD should not be 

taken as a reliable indicator of actual visitor numbers (Wood et al., 2013). Rather, it should be considered as 

a proxy for the variation in visitation density for each area, given it does not reflect all previous visitors to 

the location. The PUD distribution were assessed using a statistical summary and plotting the PUD. Since 

the PUDs are distributed anywhere in the study area the PUD was calculated with 1 × 1 km grid cell size to 

know which location has more or less PUD. The spatial visitation pattern was also identified by quantifying 

the proxy Tweet User Day (TUD), which is the number of unique users who tweets at least one tweet in a 

specific location on a specific day. The same steps as for PUD were taken to map the TUD distribution. 

https://developer.twitter.com/en/products/twitter-api/academic-research/application-info
https://github.com/MarthaWD/Socialmedia_analytics/blob/main/Twitter/biosphere_reserve_tweets.R
https://boundingbox.klokantech.com/
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3.4.1. Location characteristics nature visitation 

In order to explain the spatial pattern of PUD and TUD, multiple regression is applied for this study 

involving several social and biophysical parameters (Table 4). Considering multiple parameters plays a 

significant role to know the most important parameters that can explain the spatial pattern of the location 

visited in the study area. The distances were calculated using Euclidean distance tool with 1000m cell size 

for independent variables. Intersect tool was used to know the land cover type in the tiles and obtain in 

which land cover type is the PUD based on the majority land cover. Sample data having 50 observations 

with PUD and 50 without PUD was used in the model to check both with and without PUD. The sample 

data are in different distance, and this will help to avoid considering PUD that are close to each other. The 

R function vif() Variance Inflation Factor in [R car package] was used to detect and avoid multicollinearity 

between variables, and the variables that make a best model are selected using the stepwise AIC(Akaike 

Information Criteria) approach. The same steps as for PUD were taken to TUD having a sample data, 20 

observations with TUD and 20 observations without TUD. 

 

Table 4. Justification/Hypothesized link to visitation for independent variables selection 

Independent 

Variables 

(km2) 

Justification/Hypothesized link to visitation Data Source 

Distance to 

road  

Overland travel to the biosphere reserve has an opportunity to stop and 

enjoy the numerous beauties along the road and Bahir Dar and the Blue 

Nile Falls are connected by many buses each day and most people take 

these buses to go to the Blue Nile Falls. 

Road, boat service, 

religious site, resort, 

ferry route, and river 

data from Open 

Street Map and 

Tegegne Sitotaw 

(PhD candidate at 

ITC), 

 

 

Land cover type 

from ESA Climate 

Change Initiative - 

Land Cover project 

2017 

Land cover 

type 

The Biosphere Reserve has different land cover type and is rich in 

biological diversity and a delight for nature lovers to visit 

Distance to 

ferry route 

Ferries provide an opportunity to combine travel with a lake trip and 

enjoy the nature. 

Distance to 

boat service 

Lake Tana Marin Transport Authority offers a daily boat service to the 

Lake Tana, churches, and monasteries and also boats can be easily 

rented from many places in Bahir Dar to travel with a lake trip and 

people take the boat to enjoy the lake trip. 

Distance to 

religious site 

There are many religious sites in the Lake Tana Biosphere Reserve and 

one can overlook the old monasteries and countless religious artifacts 

in the Biosphere Reserve. 

Distance to 

resort 

The resorts that have good views of the lake and is within easy walking 

distance of the city centre. 

Distance to 

river 

Natural resources such as various rivers and waterfalls found in the 

Biosphere Reserve 
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3.5. Temporal distribution of Photo User Days and Tweet User Days 

In which month people are going mostly to the Lake Tana Biosphere Reserve will be answered in this 

section. From Flickr and Twitter data there is a field value called date taken and created at that describe on 

which hour, day, month, and year is the photo taken and the tweet created. This study assessed on which 

month are the Photo User Day taken and the Tweet User Day created over the year. Temporal distribution 

of PUD and TUD for months of the year were analysed with the amount of PUD and TUD for the 5 years. 

4. RESULTS 

4.1. Spatial distribution of Photo User Days and Tweet User Days 

From the spatial distribution of the PUD, it is identified that most 1km cells have 2 PUDs and a maximum 

of 33 PUDs. Most PUDs are clustered in the south (around Bahir Dar) and northeast part of the area and 

with some PUDs in the Lake Tana. The PUD is in Bahir Dar are based on no-urban observations. The main 

bus station in Bahir Dar is located in the heart of the city and there are several buses a day that connect 

Bahir Dar with the Blue Nile Falls. Most PUDs are close to the road and on the way of Blue Nile Falls (Tis-

Isat Falls). The PUD per land cover type was identified and at least there was 3 PUD in Bare Areas and a 

maximum of 237 PUD in Cropland (Table 5). From the spatial distribution of the TUD, it is identified that 

most 1km cells have 1 TUDs and a maximum of 29 TUDs. Also, the TUD per land cover type was identified 

and at least there was 13 TUD in Tree cover areas and a maximum of 98 TUD in Cropland. The TUDs on 

Bahir Dar are based on no-urban observations. Just like the PUD most of TUD are close to the road. Also, 

there are TUD that are concentrated on the Lake Tana. The spatial distribution of both PUD and TUD are 

more concentrated around Bahir Dar city, even while observations in built up areas were removed. 

 



 

16 

 

Figure 6. Photo User Day and Tweet User Day Density in the Biosphere Reserve 

 

Table 5. PUD and TUD per land cover type 

Land Cover Type PUD TUD 

Tree cover areas 63 13 

Shrubs cover areas 7 - 

Grass land 57 35 

Cropland 237 98 

Vegetation aquatic or flooded 7 - 

Bare areas 3 - 

Open water 124 54 
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4.1.1. Location Characteristics nature visitation 

The output of the multiple regression model that has two independent variables (land cover type and 

distance to road) used to explain the response variable PUD_Density. Also, two independent variables 

(distance to ferry route and distance to road) used to explain the response variable TUD_Density. Tree 

cover, open water, and distance to road were the significant variables (p < 0.05) for PUD_Density in the 

other hand distance to road and distance to ferry route were the significant variables (p<0.05) for the 

TUD_Density. This implies that the variables are important to explain the spatial pattern of visited locations 

by the people over the study area. In the PUD model distance to ferry route, distance to boat service, 

distance to religious site, distance to resort, and distance to river were removed this is because based on the 

AIC value the amount of information loss by removing the variables is minimum. For TUD model the 

removed variables are different. This implies that there is a difference in variables to explain the spatial 

pattern of visited locations between PUD model and TUD model. Also, there is a negative correlation 

between PUD_Density and distance to road but positive correlation between TUD_Density and distance 

to road. 

From a statistical point of view, using a stepwise approach that is based on AIC in the multiple regression 

model help to identify the most important independent (explanatory) variables in the models that can explain 

the intended response (outcome) variable. In this case, the PUD model explains about 21% of 

PUD_Density and TUD model explains about 31% of TUD_Density (Table 6).  

 

Table 6. Multiple regression model result (LC_Type: Land cover type, Dis_Road: Distance to road, LC_TypeOW: 

Open water, LC_TypeTC: Tree cover, Dis_ferry: Distance to ferry route) 

 

PUD model 

lm (formula = PUD_Density ~ LC_Type + 

Dis_Road, data = PUD_model) 

Coefficients: 

 Estimate Pr(>|t|) 

(Intercept) 2.4505 0.00153 

LC_TypeOW 4.2385 0.00825 

LC_TypeTC 13.1631 <0.001 

Dis_Road -0.4581 0.00180 

Multiple R-squared: 0.2144 

Adjusted R-squared: 0.1791 

 

4.2. Temporal Distribution of Photo User Days and Tweet User Days 

Having the PUD and TUD figure 7, 8 and 9 compares the absolute and relative number of PUD and TUD 

per month. The charts are based on the timestamps of PUD and TUD which are automatically assigned to 

the photos when they are taken and to the tweets when they are created. It shows that the monthly 

distribution of PUD is different. Most of the PUD are from January with 112 PUD and the least PUD from 

August with 1 PUD. The TUD monthly distribution is nearly the same with 28 TUD in December and 7 

TUD in September, October, and November. On the Lake Tana Biosphere Reserve website 

(https://laketana-biosphere.com/) they have mentioned festivals are celebrated in the biosphere. The most 

vibrant festivals in Ethiopia are Timket (Ethiopian Epiphany) on January 19, Ethiopian Christmas on 

January 7, Meskel (finding of the True Cross) on the September 27 and Ethiopian New Year celebrations 

TUD model 

lm (formula = TUD_Density ~ Dis_Road 

+ Dis_ferry, data = TUD_model) 

Coefficients: 

 Estimate Pr(>|t|) 

(Intercept) 4.54899 0.01317 

Dis_ferry -0.20439 0.00766 

Dis_road 0.32474 0.04692 

Multiple R-squared: 0.3153 

Adjusted R-squared: 0.2646 

https://laketana-biosphere.com/
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on September 11. The January month, that has two colourful festivals, has a higher number in both PUD 

and TUD. Early October is the best time to visit Lake Tana since the lake is at its fullest, and the Tis Isat 

Falls are at their most magnificent but there is less PUD and TUD in October (Figure 11). People go for 

bird watching in the Ethiopian winter (December to February) since resident species are supplemented with 

large numbers of migrating birds (When to Visit Lake Tana Biosphere Reserve - Lake Tana Biosphere 

Reserve, n.d.). Because the sun shines almost every day of the year in Ethiopia, even during the rainy season, 

Lake Tana can be visited all year. 

 

Figure 7. PUD Distribution by month 

 

Figure 8. TUD Distribution by month  

 

Figure 9. PUD and TUD distribution by month 
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5. DISCUSSION 

5.1. Social media data for Cultural Ecosystem Services 

CES are difficult to quantify however, in this study it is showed that CES can be used as proxy to spatially 

and temporally quantified using social media data. Information available through crowdsourced data in the 

form of pictures, location and textual data reflects how individuals are appreciating their natural 

environment. The use of social media data to evaluate nature visitation is yet new research. While this area 

is still new, several authors, journals, places, and platforms are gaining competence in using different 

methods to analyse this type of data. Compared to the traditional methods like direct observations, surveys 

and interviews social media data gives a wider range of spatial and temporal data to assess nature visitation 

(Teles da Mota, V.; Pickering, 2018). However, such kind of data is more apparent in natural areas with 

important tourist attractions or areas of high human activity like roads than locations with minor tourist 

attractions. This was evident in this study with PUD concentrated along road network. In citizen science 

portal, observation concentrations may indicate a biodiversity sampling bias but they can be interpreted as 

good evidence for a large CES supply in a cultural sense (Havinga et al., 2020).  

 

Spatial accuracy like accuracy of geotag can be influenced by mobile coverage, recording device, GPS 

visibility, and manual geotagging procedures (Li et al., 2013). Location associated with tweets and photos 

maybe automatically captured from built in GPS receivers in mobile devices or can be manually filled by a 

user (Li et al., 2013). In this study the locations for both tweets and photos are resolved by keeping one 

photo/tweet point per raster cell (20 m resolution) but it should be expected that the accuracy of the 

locations is dependent on the accuracy of GPS or the map scale when the user specifies the locations. Using 

the location of photos and spatial data it is possible to know which sites people visit. In this case people 

might take photos from far away and what is valued is unknown without doing image interpretation, but 

they still visited that place because of the views/value of the area. Social media data sampled users may 

be biased in age, gender, socioeconomic status, and education. Younger, wealthier, and more educated users 

dominate the most popular platforms (Aaron Smith et al., 2018) and this was the limitation of this study not 

identifying who the users are. Deep learning algorithms may be used to analyse user profiles in order to 

compensate for these limitations (Hausmann et al., 2017). Despite the limitation this data source can be 

used almost anywhere including developing and developed countries, as well as data poor and data rich 

locations to indicate visitation (Wood et al., 2020).  

 

Privacy issues and ethical use must be considered while using social media data and personal information. 

Users on social media platforms have a variety of privacy settings, including the option to "opt-in" to 

geotagging (Havinga et al., 2020). Researchers must, however, assess whether technology providers have 

provided users with enough understanding and control over their data. Users' sharing of information by 

social media platforms may be governed by a variety of policies. For example, some encourage users to 

disclose their location information. Furthermore, because services may be terminated, there is no guarantee 

that the data will be available in the future (for example, Panoramio was shut in November 2016) and API 

conditions may change (for example, the Instagram API was changed which is basic API permission was 

disabled on June 29, 2020). 

5.2. Nature Visitation in Lake Tana Biosphere Reserve 

The spatial and temporal pattern of nature visitation in Lake Tana Biosphere Reserve was assessed using 

the PUD and TUD concept. The PUD and TUD will help to control the analysis not to be biased towards 

active users. Using the location of photos and tweets with combination of other geospatial data it is possible 
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to know which sites people visit. Mapping the locations of PUD and TUD can provide information into 

areas that have larger number of photos and tweets. Knowing location that have a larger number of photos 

and tweets is important since it represents an area that may require monitoring and the building of 

supporting infrastructure. The results from this study show that most of PUD and TUD are close to the 

road and in the regression analysis accessibility to the road has an influence on the PUD and TUD density. 

Also, from the land cover type tree cover areas have an influence on PUD density in the regression analysis. 

These findings can be used with other data sources and on-site monitoring to determine if these locations 

have more visitor, if so, what can be done about it in tourism planning and decision making. In the study it 

is found that the R-Squared value in TUD model is greater than the PUD model. Beside this the adjusted 

R-Squared has decrease in both models. R-Squared increases even when you add variables which are not 

related to the dependent variable. But adjusted R-Squared take care of that as it decreases whenever you add 

variables that are not related to the dependent variable, thus after taking care it is likely to decrease (Leach 

et al., 2007). So, relating to this study finding variables that can explain the spatial pattern better is needed.  

PUD and TUD was used to detect the most popular month for visitation in the Lake Tana Biosphere 

Reserve. It is found that the area is highly visited in month where festivals are celebrated. Knowing the 

temporal pattern will help to increase facilities on the area that are important for visitation on the highly 

visitation months. Also, it will help conservation authorities in managing areas with high concentration of 

visitation. Overall using social media data to assess nature visitation is new for this study area so, there is a 

need of more research and practical development before using social media data for monitoring visitation. 

5.3. Recommendations 

Social media platforms change rapidly in a way to access, collect and analyse the data so it is recommended 

to check the platforms if there is any change. In addition, further research is needed to determine the impact 

of differences in who posts what to which social media platforms and why. API access on social media sites 

can change on a frequent basis. Twitter and Instagram, for example, have both modified their access levels 

in recent years so it is recommended to check API access. Uncertainties in crowdsourced data's location 

accuracy must also be considered. It would be good to have studies that compare social media data with 

other sources in the future in the Lake Tana Biosphere Reserve to further understand how social media data 

may complement and build on existing sources of information. This study was focused on the spatial and 

temporal pattern so, combining this pattern, like dividing the spatial pattern in patterns per month, could 

give valuable results. Using social media data to assess nature visitation in the Lake Tana Biosphere reserve 

is a new research so, automated procedures, such as image content analysis and processing vast data sources, 

needs to be investigated. 

6. CONCLUSION 

The objective of this research was to assess nature visitation on the Lake Tana Biosphere Reserve using 

social media data. To reach the objective, a research questions What are the key characteristics and 

differences between Flickr and Twitter with respect to structure and content? What are the spatial and 

temporal pattern of nature visitation in the Lake Tana Biosphere Reserve? and similarit ies and 

differences in spatial and temporal pattern between the platforms were addressed. Research using social 

media have experienced difficulties, such as fluctuating platform popularity, data access, and answering the 

research questions for certain regions, activities, and values. However, as social media becomes more 

prevalent in our lives, it may become an increasingly important source of data for monitoring nature 

visitation. For this study, 1165 photos taken in the study area between 2016-2020 were collected from Flickr, 
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and 498 photo locations were analysed. The results presented in this research suggest that social media data 

may act as an additional information source for planning as well as managing the Lake Tana Biosphere 

Reserve and understanding nature visitation. Lake Tana Biosphere Reserve's spatial distribution of visitation 

were assessed by PUD and TUD density. Also, with the multiple regression analysis using several parameters 

helps to know which parameters have an influence on the PUD and TUD density. Temporal distribution 

of PUD and TUD for months of the year were extracted and analysed the amount of PUD and TUD for 

months. There was a high number of PUD and TUD in months with festivals that is why people visited 

mostly also people go for bird watching in the Ethiopian winter (December to February). The results could, 

for example, assist tourism managers and planners in identifying popular tourist destinations and those with 

the potential to welcome more visitors. Conservation authorities could better understand spatiotemporal 

patterns in tourist preferences by continuously monitoring social media data combining with other 

geospatial data. 
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APPENDIX: LITERATURE REVIEW 

Publications that used social media platforms to assess nature visitation 

Publications Flickr 

(N=42) 

Twitter 

(N=7) 

Instagram 

(N=8) 

Panoramio 

(N=8) 

(Allan et al., 2015; Barros et al., 2020; Fisher et al., 2018; Levin et 

al., 2017; Levin et al., 2015; Long et al., 2021; Martinez-Harms et 

al., 2018; Moreno-Llorca et al., 2020; Richards & Friess, 2015; 

Sessions et al., 2016; Sinclair et al., 2018, 2020; Sonter et al., 2016; 

Spalding et al., 2017; Thiagarajah et al., 2015; Wartmann et al., 

2018; Willemen et al., 2015; Wood et al., 2013; Yoshimura & 

Hiura, 2017; Cunha et al., 2018; Dunkel, 2015; Ghermandi, 2018; 

Hale, 2018; Keeler et al., 2015; Lee et al., 2014; Richards et al., 

2018; Tenerelli et al., 2016, 2017; Walden-Schreiner, Leung, et 

al., 2018; Walden-Schreiner, Rossi, et al., 2018) 

✓  

 

 

   

 

 

 

 

 

 

 

 

 

 

(Ghermandi, 2016; Oteros-Rozas et al., 2018; Tieskens et al., 

2018; Figueroa-Alfaro & Tang, 2017) 
✓      

 

 

 

 

 

✓  

 

(Ghermandi et al., 2020) ✓  ✓   

 

✓  

(Hamstead et al., 2018) ✓  ✓   

 

 

 
(Van Zanten et al., 2016; (Angradi et al., 2018) ✓  

 

    

 

 

✓  

 

✓  

 

(Hausmann et al., 2018) ✓      

 

✓   

 
(Tenkanen et al., 2017) Wood et al., 2020) ✓  

 

✓  

 

✓  

 

 

 

 
(Teles da Mota & Pickering, 2020) ✓  ✓  ✓  ✓  
(Conti & Lexhagen, 2020) Hausmann et al., 2017)     

 

 

    

 

 

✓  

 

 

 

 
(Becken et al., 2017, 2020)     

 

✓   
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