
  Theme: 4 - Climate change adaptation & 
forest health 

Position in the Value Change: Forestry 

Factsheet type: Research 

Modeling Aleppo pine water balance 
under two Tunisian climate conditions

Mokhtar Baraket 

  Keywords

Aleppo pine 

climate change 

Evapotranspiration 

Water status 

tolerable 

orchard plantation 

Mediterranean pine nut 

wild harvested 

NWFP

Wild Nuts & Berries 

Scale

National 

Context
The estimation of Crop water requirements (ETc) and actual evapotranspiration (ETa) requires various 

climate, soil, and crop data (Keenan, 2015). The FAO Penman-Monteith approach is considered as a 

standard method for ET estimation in agriculture (Allen et al., 1998). In this work, the WEAP- MABIA method 

based on the dual crop coefficient (Kc) method of the FAO Irrigation and Drainage Paper No. 56 (Allen et al., 

1998) is used. It allows modeling of the soil water budget on a daily basis and the calculation of (ETc) and 

(ETa) under rainfed and irrigated field conditions.

Objective
Aleppo pine (Pinus halepensis Mill.) is one of the most drought-tolerant pine species and it is distributed 

over large drought-prone Mediterranean regions. The determination of the water balance of the soil-crop-

climate and its fluctuation is difficult to achieve, due to the spatial variation in site conditions (Schiller and 

Cohen, 1998). The objectives of this study are to (1) estimate crop water requirements (ETc) and actual 

evapotranspiration (ETa) of Tunisian Aleppo pine and (2) study the impact of climate change on water 

balance, using the WEAP-MABIA Module (Yates et al.,2005a; 2005b; Jabloun and Sahli, 2012) based on the 

FAO Irrigation and Drainage publication 56 (Allen et al., 1998).
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Results
The maximum monthly (ETo) were registered in July: 300 mm at Djebel Sarj (DS), and 289 mm at Djebel 

Zaghouan (DZ).  Annual reference (ET0) was lower at DZ with 1732 mm than DS with 2370 mm, however 

(ETc) were 714 mm at DS, and 561 mm at DZ.  Water balance shows that for the wet period with low 

evaporative demand, Aleppo pine (ETa) can reach potential (ETc). The model predicts that water uptake can 

reach zero when the root-soil layers approach desiccation. This extreme forest water stress during the 

summer and autumn was reported by Schiller and Cohen (1995) and Baraket et al. (2019) . The deeper 

water depletion in DS compared to DZ is highly dependent upon the type of soil. In fact, DS soil had higher 

water holding capacity than DZ.

Recommendations
The FAO Penman-Monteith approach can be used to assess the temporal dynamics of soil moisture to 

better understand the water-growth relationship of Pinus halepensis Mill. forests in arid and semiarid areas. 

According to GIEC (2013) and Allani et al. (2020), in the future, an increase of ETo is expected to reach 6% 

on average, where rainfall could be reduced up to 8% under RCP4.5 and RCP 8.5 emission scenarios. These 

changes could negatively impact the water supply and the water demand of the forest ecosystem. Using 

WEAP-MABIA model to assess future water situations under different scenarios of climate change and socio-

economic development affecting the Tunisian forest ecosystem will be of great interest.

Impacts and weaknesses
In view of the physical characteristics of the forest ecosystem, continuous estimating of stand ET0 using the 

water balance model provided information of a forest specie's water uptake which otherwise would have 

been very difficult or impossible to obtain experimentally. This approach for determination of forest water 

balance enables one to study the response of different species to water stress and to improve the 

adaptation of forest species to specific climate conditions, crop, and soil water characteristics, provided that 

model assumptions are met and adequate input data are available.

Future developments
Such contrasting ecohydrological model performances could be further investigated through a more 

thorough assessment of water use strategies complementing the isotopic results (root distribution profiles, 

soil water content dynamics at different soil depths, net photosynthetic and transpiration rates dynamics at 

different climate conditions, etc. Also, comparing the performance of the FAO Penman-Monteith model with 

eddy covariance method under the Tunisian forest ecosystem will be of great interest to analyze the 

reliability of model results.
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About INCREDIBLE Project
INCREDIBLE project aims to show how Non-Wood Forest Products (NWFP) can play an important role in supporting sustainable 
forest management and rural development, by creating networks to share and exchange knowledge and expertise. ‘Innovation 
Networks of Cork, Resins and Edibles in the Mediterranean basin’ (INCREDIBLE) promotes cross-sectoral collaboration and 
innovation to highlight the value and potential of NWFPs in the region.
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