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Desarrollo de un modelo de temperature para invernaderos 

tradicionales chinos y españoles 

Resumen 

El objetivo principal de este trabajo ha sido el desarrollo de un modelo de temperatura basado en la dinámica 
de los balances de energía de dos invernaderos situados en el sudeste de España y el norte de China. El modelo 
final es el resultado de la combinación de las condiciones externas, la influencia de los diferentes actuadores 
y del crecimiento de los cultivos. En estos balances, la temperatura está influida por el suelo (considerado 
estar compuesto de una sola capa), el cultivo (a través del Índice de Área Foliar, IAF), la cubierta (la 
temperatura de plástico), los actuadores (ventilación y calefacción, principalmente), el muro trasero 
característico de los invernaderos tradicionales chinos (también considerada una sola capa) y la propia 
geometría del invernadero. El modelo tiene en cuenta la energía perdida por los flujos convectivos y por 
conducción, así como la energía suministrada por la radiación solar y los sistemas de calefacción. La energía 
se almacena en dos lugares, el suelo y el muro trasero chino. La dinámica de la temperatura se determinó 
mediante un modelo físico, que considera el balance de energía desde un punto de vista holístico - como un 
sub-modelo para una interfaz personalizable entre el clima externo, la planta y el sistema invernadero. Para 
ello, analizó la influencia de los diferentes subsistemas incluidos en el modelo final. La estimación final en 
ambos invernaderos obtuvo una R2 por encima 0.94. 
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Abstract 

The main objective of this work has been the development of a temperature model based on the energy balance 
dynamics at two different greenhouse locations - south-eastern Spain and northern China. The final model is 
the result of combining the following: the external conditions, the actuator influence and the crop growth 
where the temperature is influenced by soil (considered to be composed of a single layer), the crop (through 
the Leaf Area Index, LAI), the cover (the plastic temperature), the actuators (ventilation and heating), the 
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back wall (also considered a single layer) and the greenhouse geometry. The model took into account the 
energy lost by convective and conductive fluxes, as well as the energy supplied by solar radiation and heating 
systems. The energy is saved in two stores (the soil and the back-wall). The temperature dynamic was 
determined by a physical model, which considered the energy balance from a holistic point of view, a 
customizable interface between the external climate, the plant and the greenhouse system. The influence of 
different subsystems was analyzed, which were included and then evaluated, giving good final results. 
 
keywords: Dynamics, energy balance, ventilation, back-wall. 

INTRODUCTION 

A greenhouse is a complex of physical, chemical, and biological processes taking place 
simultaneously, each reacting with different response times and patterns to environmental 
factors, and characterized by multiple interactions, which must be controlled to obtain the 
best results for the grower (Rodriguez et al, 2015). Thus, knowing and understanding these 
processes makes it possible to improve crop production and fruit quality (Ramirez-Arias et 
al., 2012), leading to sustainable development (Rodriguez et al, 2015). Greenhouse 
structure, climate and human activities could be influence factors of greenhouse complex 
processes happened. Nevertheless, of all influence factors, temperature is one of the most 
influential on crop growth, and has traditionally been the most limited variable in 
greenhouses in Beijing (China) and, likewise, in south-east Spain (second only to water 
availability). In this study, the estimations were established with a physical model to help 
to understand heat transfer processes inside greenhouse. This kind of models compared 
with the other models (Rodríguez at al., 2015) that are based on steady state or are only 
focused on a particular part of the process, can satisfied a more accurate calibration due to 
their higher complexity. The model based on fundamental principles were tested at two 
different greenhouses: (i) at Beijing Xiao Tangshan base in China and (ii) at the Cajamar 
Foundation Experimental Station (in south-eastern Spain). The meteorological 
inputs/outputs and the actuator status data are used to calibrate such models without losing 
the physical meaning of the processes involved in the energy balance equations. 

MATERIALS AND METHODS 

Solar greenhouse in China: This study was conducted from August to December 2014 and 
a solar greenhouse at Beijing Xiao Tangshan base, in Changping district, Beijing, PR China 
(40.18°N, 116.47°E). The greenhouse (with a north-south orientation) is 350 m2 (50m 
length × 7m width). A Davis Vantage Pro & Plus meteorological station was located outside 
the greenhouse to measure meteorological data. Inside greenhouse, data including soil 
temperature, air temperature and humidity, solar radiation, net radiation, wall and covering 
temperature were collected. 
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Multispan greenhouse in south-eastern Spain: The data used in this research was acquired 
from the Cajamar Foundation Experimental Station greenhouses in El Ejido, Almeria 
Province, Spain (2o 43'W, 36o48'N, and 151 m a.s.l.) between August 2010 and May 2014. 
The crops grew in a multispan “Parral-type" greenhouse. The greenhouse is 877 m2 (37.8 
x 23.2 m) with a variable height (between 2.8 and 4.4m) with a polyethylene cover. In this 
greenhouse, there are automated ventilation and a heating system. 
Greenhouse temperature model: Based on energy balance, a nonlinear physical model 
based in the work of (Rodríguez et all, 2015) was used in a simulation to check performance 
providing a temperature estimation. The temperature simulation model was established 
taking into account solar radiation, heat transfer by convection with the soil surface, the 
cover, the back wall and different heating systems, the heat transfer between the different 
soils and the back wall layer as well as convection between the inside and outside air, the 
heat exchange with the outside air due to natural ventilation and infiltration, and the latent 
heat produced from crop transpiration. The different parameters of the equations (1) and (2) 
were estimated by genetic algorithms. Taking into account different of greenhouse 
condition, the equation (1) for Beijing greenhouse and equation (2) for Almeria greenhouse 
were established. These nonlinear models were validated on different data sets from those 
used for calibration. The proposed models incorporate the temperature dynamics inside the 
greenhouse, obtaining good results. 

      (1) 

   (2) 

Note: the underline means that new equations based on the condition of different greenhouse were added. 

The model equations were solved with Matlab/Simulink.  

RESULTS AND DISCUSSION 
In all cases, the model obtained good results for the Spanish and Chinese greenhouses: an 
SSE of 11170 and 2441, an R2 of 0.9426 and 0.9502, an adjusted R2 of 0.9425 and 0.9502 
and an RMSE of 1.365 and 1.102, respectively; these can be seen in the validation resume 
(Table 1) and graphically in the Fig. 1 and 2. As can be observed, the average error was 
low, which allows us to conclude that the proposed model can be utilized to obtain 
acceptable temperature estimations for traditional greenhouses in very different locations 
around the world, each subject to different climatic conditions. The model provides a good 
basis for future research and development. The calibration and validation processes were 
performed by adjusting parameters and functions to the production conditions that might 
be considered representative in the south-eastern part of the Iberian Peninsula and the 
northern part of China. Furthermore, the calibration and validation data come from different 
time periods. This means that the climate data are very different from each other, and 
therefore the model's response to different climatic conditions is well-represented. 
Nonetheless, the model was modified based on the conditions founds in each greenhouse. 
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Table 1. Model error validation 

Localization SEE R2 R2 adj. RMSE Max error interval 

Almeria 11170 0.9426 0.9425 1.365 4.01 [0.3, 27.09] 

Beijing 2441 0.9502 0.9502 1.102 3.12 [18.1, 39.09] 

 

Figure 1. Temperature estimation in Almeria’s traditional greenhouse  

 

Figure 2. Temperature estimation in Chinese traditional greenhouse  
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