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Reducing yield losses due to extreme climatic events through intelligent blending of local knowledge, weather data, remote sensing and crop modeling

Idea
	The frequency and magnitude of extreme climatic events increase with Climate Change. Coping and adapting to erratic climate, requires fast and reliable decision tools to mitigate the negative impacts. The high Andes – Center of Origin and Domestication of the potato – is one of the few areas in the world where smallholder farmers have faced for centuries erratic extreme events every year (drought, floods, hailstorms, and frosts) causing large economic losses. The problem is exacerbated by the topographic heterogeneity that must be accounted for to reduce yield variability. The region therefore constitutes a natural laboratory to develop and test management tools for timely decision-making to address climate change challenges. We want to help farmers decide when and where to plant their crops under climate change conditions and reduce agricultural losses, using potato as the test crop. Our core idea is to explore opportunities in combining the power of ancestral knowledge and weather data, remote sensing, and agricultural modeling with the practical use of relational databases and online analytical processes to enhance decision. 

Hypothesis
	Local agricultural decision-making is typically based on climate predictions with bio-indicators and typologies based on large topographic elements. Freely available satellite-based Normalized Difference Vegetation Index (NDVI) - a response of vegetation productivity being an important indicator that summarizes environmental conditions (soil properties and water availability) of a region – can be used to make dynamic maps of spatial heterogeneities and how crops respond to changes in climatic conditions within an agricultural season.  

In this pilot, we hypothesize that NDVI data from satellite processing through machine learning models, basically supervised (SLAs) and unsupervised (ULAs) learning algorithms could help improve our spatial yield prediction and ascertain main drivers for those changes, in spatial heterogeneous regions like highland Andes. We will use mainly, but not limited to: (i) Non-Linear models (SVM, k-NN, Decision Tree); (ii) Ensemble models (Random Forest, Extra Tree); and (iii) Clustery & Dimensionality reduction (K-means, SVD, PCA) methods to fit weighted spatial factors based on NDVI information to tune our spatial potato yield prediction in the Peruvian High Plateau (3500 – 5500 m.a.s.l.). 
	 
Team
· International Potato Center (CIP): Remote Sensing, GIS, Phenotyping and crop-climate modeling area led by the Crop and Systems Sciences Division.
· Universidad de Ingeniería – UNI: BigData tool, led by the Intelligent Ubiquitous Technologies Lab (IUTL), (Peru) 
· CIRNMA: local NGO with broad experience in developmental projects in the study area to provide field data and organize focus groups (consultants).


Implementation Plan
a)	Data collection and analyses (Months 1-4): In this stage ten-years NDVI images will be downloaded, corrected and processed, using Lansat (30 m x 30 m) and Sentinel (10 m x 10 m) corresponding to potato producing districts of Yunguyo and Chucuito (Puno Department, Peru). We will use mainly, but not limited to: (i) Non-Linear models (SVM, k-NN, Decision Tree); (ii) Ensemble models (Random Forest, Extra Tree); and (iii) Clustery & Dimensionality reduction (K-means, SVD, PCA) methods to fit weighted spatial factors based on NDVI information to tune our spatial potato yield prediction in the Peruvian High Plateau (3500 – 5500 m.a.s.l.). Using meteorological weather information and interpolation tools a geo-spatial potato yield model (SOLANUM) will be used to estimate potential yield. The product of this stage is a potato potential yield maps distinguishing zones with lower and higher potential yield based on Climate Change scenarios. 
(Budget: CIP: $22,167.7, UNI (Partner): $3,333.3)
   
[bookmark: _GoBack]b)	In-situ surveys and focus group to reconstruct historical yields and to check actual potato yield (Months 5-7): The first task is to use farmers focus groups to reconstruct historical yields and ascertain the perceptions of climatic drivers explaining yield variability. In addition, to corroborate yield prediction, a local survey will be performed in 50 spatial points with contrasted yield results (current potato season). The survey will be carried out by the local NGO “CIRNMA”. Survey results will be used to estimate ascertain our precision in the yield prediction, and will help to enhance the weighting matrices to improve yield predictions at higher spatial resolution under extreme climatic events. 
(Budget: CIP: $16,625.79, UNI (Partner): $2,499.9, CIRNMA Consultancy: $12,500, Travel: $1,748.4) 

c)	Yield risk map elaboration (Months 8-11): Upon spatial model adjustments, we will use monthly climate prediction from IPCC to predict yield in the following year after the end of the project. A categorical classification will be carried out with the aim to perform maps distinguishing the recommended time (month) and space to get higher potato yield production.  Finally, the presentation of our to risks maps to the local farmers will be carried out in the last month of the pilot. 
(Budget: CIP: $27,709.7, UNI (Partner): $4,166.6, CIRNMA Consultancy: $7,500, Travel: $1,748.4)

Essential data generated during this pilot and Next steps
This pilot will generate a medium resolution yield risk maps and perceived drivers, to improve the decision of when and where plant potatoes in the Peruvian Plateau. Data visualization tools for local NGOs, GOs and farmers will be also evaluated. 
After this pilot, it is necessary to complement the risk maps with more information to be able to predict also potential risks due to the proliferation of diseases and pests. To address this, it is necessary to set up more micro-meteorological stations in strategic spatial points with the aim to enhance prediction´s accuracy. The idea is to improve our decision maps with more information (abiotic and biotic stresses) and also to increase spatial resolution using agricultural cameras installed on Unmanned Aerial Vehicles (UAV) to collect NDVI images or another vegetation index (like Photochemical Reflectance Index).
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