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This position article advocates for the creation of a participatory pastoral observatory, leveraging accessible technologies, including smartphones, to monitor rangeland ecosystems. Rather than reiterating the already accepted need for monitoring, we focus on how technological progress, ranging from ground-based field plots to satellite imagery, UAVs, and smartphones using Structure from Motion (SfM) methods, has transformed rangeland observation. We argue that an imagery-based community monitoring system can provide accurate, relevant, and timely data while empowering local stakeholders and informing policy decisions. We detail the operational steps of smartphone-based observatory, highlight its capacity to reduce labor-intensive biomass sampling, and discuss its feasibility when applied by pastoralists. We also draw lessons from related participatory approaches in Mongolia, Ireland, and East Africa. By integrating traditional ecological knowledge with scientific approaches, this initiative can strengthen the resilience of pastoral systems, support sustainable management practices, and contribute to evidence-based policymaking. The proposed observation framework builds on existing research and technological innovations to promote a decentralized and inclusive monitoring system. We imagine such a type of observatory could be useful in Sahel Region or in Northern Africa, could describe practical challenges (smartphone penetration, network coverage, training for low-literacy users), and outline next steps for implementation.
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INTRODUCTION
Pastoralism, the use of extensive grazing on rangelands for livestock production (Blench, 2001), is central to livelihoods in many arid, semi-arid, and mountainous regions, where such systems often represent the only viable form of agriculture (Reid et al., 2014). Managed largely through mobility, rangelands are characterized by high spatial heterogeneity and strong interannual variability in vegetation productivity (Uddin and Kebreab, 2020). While the importance of monitoring rangeland conditions is widely acknowledged, the methods used have evolved considerably in the last decades.
Historically, rangeland monitoring has progressed through four main technological stages:
Firstly, monitoring can rely on ground-based plots: Field observers directly measured vegetation parameters, often with quadrats or transects. This provided accurate local data but could not capture the variability of extensive rangelands, especially in remote areas. However, these approaches required huge quantity of work. The spatialization of the ground plots to large scale relied on their representativity.
Satellite-based monitoring widely used Sensors such as Williams et al. (2006) or Daac 2018 enabled the development of vegetation indices like NDVI (Garba et al., 2017) that can be measured on long time series This allows to compare the vegetation indices between years to identify the bad years and pastoral crisis. Remote sensing can be used to estimate biomass mass from satellites it required extensive calibration datasets (Diouf et al., 2015; Diouf et al., 2016; Lo et al., 2022), which many countries lack These approaches revolutionized monitoring but were limited by coarse resolution and cloud interference.
New technologies could be used to enhance the monitoring of resources such as Unmanned Aerial Vehicles (UAVs): High-resolution imagery bridged the scale gap between field plots and satellites (Lussem et al., 2018; Wijesingha et al., 2020; Théau et al., 2021; Nungi-Pambu et al., 2023). UAV are very useful to produce high resolution maps. Furthermore, UAV produce also height estimation using photogrammetry, especially Structure from Motion (SfM) process. SfM operates in five main steps (Voroninski et al., 2017; Iglhaut et al., 2019; Taugourdeau et al., 2022) (1) capture multiple overlapping photographs or a short video while moving around the vegetation target, maintaining 60%–80% overlap; (2) detect and match distinctive features between images; (3) estimate the camera’s relative position and orientation for each image; (4) generate a sparse 3D point cloud; and (5) create a dense point cloud, textured mesh, or orthomosaic from which vegetation height, volume, and biomass can be calculated. Once calibrated with traditional biomass sampling, SfM can eliminate most of the need for destructive cutting, drying, and weighing. UAVs can map vegetation cover, height, and biomass in great details but remains costly and subject to regulatory constraints in many pastoral areas.
Another option will be to use images from smartphones. Image analysis from smartphone is another option to UAVs. Deep-learning advances and their application in image analysis have proven that biomass can be estimated through image processing (Woodrow et al., 2023; Stumpe et al., 2024). A fine-tuned approach can even produce differentiated results depending on the species (Borianne et al., 2023). Image analysis is possible from individual photos or through SfM methods, which build three-dimensional models from a set of photos. The use of SfM provides additional information on vegetation volume and height, which are commonly used as proxies for available biomass (Taugourdeau et al., 2022). Examples of photogrammetric outputs from ground camera are presented in Figure 1.
[image: a) Person standing in a grassy area with measuring equipment and color chart on the ground. b) Thermal image showing green patterns on a dark background. c) 3D model of a grassy plot with stakes and a color chart. d) Overhead view of a grassy field with a yellow square and color chart for reference.]FIGURE 1 | Example of Structure from Motion from a ground camera on Sahelian vegetation in Northern Senegal: (a) field photograph showing the acquisition method, (b) trace of image positions used for photogrammetry, (c) resulting 3D model, and (d) orthomosaic obtained after processing. Adapted from Taugourdeau et al. (2022).An additional advantage for smartphones is that pastoralists can perform the image capture themselves, reducing dependence on technical staff and lowering costs. While published cases of pastoralists applying ground cameras. are rare, related examples exist. The Mongolian National Federation of Pasture User Groups monitor hundreds of sites using photographs (Densambuu et al., 2018); Pl@ntNet engages citizen scientists, including rural land users, in large-scale image collection (Goëau et al., 2014); and participatory rangeland management projects in East Africa have trained communities to collect overlapping ground and drone imagery. In these models, professionals handle data processing, calibration, and quality control, but field data capture is fully community-led. This suggests that pastoralist-led SfM smartphone is a realistic next step if simple protocols and feedback mechanisms are developed. Examples of SfM outputs from ground cameras are presented in Figure 1.
Building on these advances, we propose a participatory observatory in which pastoralists and other local stakeholders collect standardized images or videos using smartphones. These images are processed into vegetation metrics, calibrated with field data, and integrated with satellite observations to produce timely maps of rangeland resources. The remainder of this paper outlines how such an observatory could be designed and implemented.
OBSERVATORIES OF PASTORAL RESOURCES
Information collected by local stakeholders offers a low-cost complement to remote sensing, especially where formal monitoring is sparse. In a participatory observatory, multiple observers collect data following simple protocols, after which the data are cleaned, processed, and mapped. Successful examples already exist: PastureBase Ireland compiles grass productivity data from farmers and researchers nationwide (Hanrahan et al., 2017), and in Mongolia, herder groups assess rangeland condition via photographs and plant identification (Densambuu et al., 2018).
For our proposed system, West Africa and specifically the Sahel region offers a promising pilot site due to its active pastoral networks, existing extension services, and moderate smartphone penetration. Recent surveys in Northern Senegal suggest that more than 65% of pastoral households own at least one smartphone, with ownership skewed toward younger men, who are also the most mobile ones. Network coverage is generally good near settlements and main grazing corridors but remains patchy in more remote transhumance zones. These conditions shape image quality, upload frequency, and participant demographics.
To address the potential challenge of low literacy among pastoralists, the observatory’s training component should be deliberately designed to be visual, practical, and participatory. Materials should use pictorial guides, icon-based smartphone interfaces, and short videos in local languages to demonstrate each step of image capture and upload. Initial sessions should be delivered in person within communities, using live demonstrations and hands-on practice. Local pastoral leaders and youth should be trained as ‘community facilitators’, providing ongoing peer-to-peer assistance. Where feasible, the mobile application should include voice prompts in local languages. Follow-up will be provided through market-day refreshers, social network groups, and radio-based feedback to correct errors and reinforce good practices. This approach builds on participatory monitoring programs in Africa where visual, facilitator-led training has proven effective with low-literacy participants. This kind of method has already proved effectiveness in other African community projects. In Kenya, for instance, the Northern Rangelands Trust trained local “eco-monitors” using picture-based guides and even cartoons in Swahili and Maa to help largely illiterate pastoralists engage in rangeland management (Galvin et al., 2021). In Niger, the RESILAC program supported pastoralists and local municipalities to map grazing zones and develop land-use plans through icon-based tools and formalized community land committees (Foin, 2022). These examples show that with the right visual tools and local support, low literacy should not be a barrier to active participation.
Incentives might combine small financial payments with rapid feedback—e.g., estimated biomass and grazing value—displayed in an icon-based mobile interface.
The images are processed using SfM to create 3D vegetation models, which are then calibrated with field measurements to estimate biomass or other selected metrics. These outputs can be linked to satellite-derived indicators to produce spatially explicit maps of rangeland resources for both local herders and decision-makers. Figure 2 summarizes this process.
[image: Illustration of a man using a smartphone to capture plant data through Structure from Motion (SfM). Arrows indicate data collection by multiple observers, channeled into a digital feedback system. This information contributes to remote sensing mapping, shown in a map with color-coded regions.]FIGURE 2 | Proposed workflow for the participatory observatory: (1) observer records video using a smartphone; (2) video is processed via Structure from Motion (SfM) to generate vegetation metrics; (3) indicators are returned to observers; (4) aggregated predictions are combined with remote sensing to produce resource maps for dissemination to pastoralists, extension agents, and policymakers.KEY CONSIDERATIONS FOR DEVELOPING THE OBSERVATORY
Motivation of observers
The observatory should primarily rely on pastoral herders who are directly present on rangelands. However, in many pastoral regions, additional stakeholders, such as ministry agents from agricultural and environmental ministries, are also involved. We propose that the observatory integrates a diverse range of actors who may follow different image acquisition protocols.
The first step in establishing such an observatory is to select observers and train them in image acquisition protocols. A key question is how to motivate observers. The motivation of observers is essential to the sustainability of a participatory observatory, and approaches must be adapted to pastoral contexts. Local communities could agree to participate, even without any feedback, to contribute to science and the common wellbeing. Other people may be reticent to share information (position) or want to keep the resources for themselves.
	1. Immediate Information Retrieval: Observers may be motivated if they receive immediate feedback. For example, users of Pl@ntNet receive instant plant identification results from their photos (Bonnet et al., 2020). This approach requires efficient image analysis processes and meaningful feedback to sustain engagement. Protocol must be simple and communication must be made to reach the maximum of observers. The vegetation metrics provided must be relevant to local actors. Standard forage quality metrics may not be helpful for pastoral herders, whereas species presence, suitability for specific livestock, or grazing potential may be more relevant. Additionally, feedback must be understandable for users with limited literacy skills. Integrating culturally appropriate visual interfaces and mobile alerts could further improve engagement and usability.
	2. Financial Incentives: Observers could be paid for their contributions, leveraging the increasing use of mobile payment applications among livestock herders. Specific training must be done for the observer to enhance the quality of the acquisition. This system would require an automatic quality control mechanism and limitations on the number of images that can be submitted. A budget should be allocated to sustain image acquisition over multiple years. Financial incentives must be transparent and consistent to maintain participation, particularly during low-activity or drought seasons when motivation may decrease.

For ministry and NGO agents, motivation is less of a concern but must still be addressed with their hierarchy to integrate this activity into their workload. Budget allocations, particularly for travel expenses, should be planned. The main question remains the motivation of the overall institution and the amount of data it will obtain from the observatory. Institutional buy-in is essential, and integrating the observatory’s activities into existing programs can help ensure continuity and accountability.
Site selection strategies
The collected data must be linked to remote sensing information to map rangeland vegetation metrics. Two site selection strategies are possible:
	1. Free Site Selection: Observers take images at their convenience, as in the Pl@ntNet application. This approach is most effective when motivation is driven by information retrieval. However, data collected this way may not be representative. For instance, pastoral herders might take more pictures in areas experiencing favorable grazing conditions. Understanding the factors influencing data collection is essential for proper analysis. This strategy promotes scalability and inclusivity but requires robust analytical frameworks to address potential spatial biases.
	2. Pre-Selected Sites: Specific sites, representative of the region, are designated for regular monitoring. This approach aligns better with paid image acquisition models or governmental and NGO initiatives. Structured site selection improves monitoring efficiency. Due to the low spatial resolution of image acquisitions, sites should be physically marked, for instance, with QR codes to facilitate identification. These markers could also serve as references for image analysis calibration, ensuring consistency in reflectance and height measurements.

Combining the two strategies can offer a hybrid model that balances representativeness and flexibility. It means having a set of permanent sites with paid observers that will serve as the basis of the monitoring for the year, and free sites with opportunistic observers.
Selection of vegetation metrics
When information retrieval is the primary motivation, selecting appropriate vegetation metrics is crucial for success. Discussions with observers should guide the selection of metrics to ensure relevance. A key advantage of image-based monitoring is that the same raw data (images) can be used to assess multiple metrics. Collaborations with agricultural and environmental ministries should also define their requirements for mapping pastoral resources. Involving end users from the outset strengthens ownership and ensures that the produced data are actionable and meaningful at the local level.
Most image-based studies assess vegetation quantity, such as dry mass or species identification. Dry mass estimation typically focuses on green biomass, which correlates with vegetation indices. However, in pastoral systems, grasses are often consumed in their senescent stage during periods of drought. Monitoring dry mass dynamics in the dry season is crucial for pastoral management. Additional metrics such as pastoral value, forage quality indicators, and biodiversity indices could also be valuable. A modular approach to measurements could allow observatories to evolve and adapt to emerging priorities, including climate impacts and land-use changes.
Image acquisition and calibration
A practical approach to image acquisition involves recording videos using a moving camera, following a grid pattern similar to UAV flight paths (Figure 1). Videos can then be split into multiple images, and photogrammetry techniques (Structure From Motion) can be used to generate 3D models of grass structures. For analyses relying on single images (e.g., species identification using CNN models), multiple images from different angles can provide a more realistic representation of ground conditions. Encouraging best practices in image capture can enhance data quality while reducing the need for observer training.
One key factor is the storage and preprocessing of the data (identification of high-quality video) and the automatic structure of the motion process. Server and informatics development are required to create and maintain the pipeline of processing.
Calibration is essential to ensure output quality. After selecting vegetation metrics, extensive field measurements should be conducted to develop calibration datasets, either for image analysis models or for correlating with vegetation indices. Calibration should be performed before establishing the observatory, while validation measurements should continue throughout the observatory’s operations to ensure prediction accuracy. A robust calibration and validation plan is essential to maintain scientific credibility and ensuring policy relevance.
DISCUSSION
In this paper, we have outlined a roadmap for a participatory pastoral observatory based on smartphone imagery and SfM photogrammetry. Beyond its technical feasibility, the approach offers significant cost and labor savings once calibrated and empowers pastoralists to contribute directly to rangeland monitoring.
To move from concept to reality, we recommend piloting the observatory in a defined region such as northern Senegal, where pastoral networks and smartphone penetration are sufficient for testing. The pilot should: (1) co-design data collection protocols with local users; (2) train observers through visual, low-literacy-friendly materials; (3) test both free and fixed-site sampling strategies; and (4) evaluate accuracy, participation rates, and data timeliness over at least one full seasonal cycle.
Comparisons with Mongolia and Ireland will help identify which challenges are context-specific (e.g., connectivity gaps, transhumance distances) and which are common across pastoral systems. If successful, the model can then be scaled to other regions, using the pilot results to guide adjustments in training, incentives, and technical infrastructure.
Ultimately, the proposed observatory would serve as both a scientific tool and a community platform, enhancing early warning systems, informing policy, and supporting adaptive management of rangelands in view of climatic and socioeconomic change.
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