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Abstract: Arid vegetation groundwater dependent ecosystems (GDEs) rely heavily on groundwater for 

survival during dry periods and serve as buffer zones that help local environments withstand extreme events 

(Doody et al., 2017; Eamus & Froend, 2006). Under projected climate instability, understanding the ecological 

functions of arid GDEs and their physiological responses to water stress has become increasingly critical. 

Monitoring vegetation photosynthetic activity is fundamental to assessing GDE water stress responses. 

Traditional vegetation indices typically exhibit temporal lags in reflecting vegetation stress. With advances in 

remote sensing technology, sun-induced chlorophyll fluorescence (SIF) can now be monitored from space. SIF 

signals emitted during plant photosynthetic activity, particularly in the far-red band (720–760 nm), have 

demonstrated outstanding performance in detecting canopy stress in near real-time (Mohammed et al., 2019). 

Despite this potential, SIF applications for monitoring GDE responses to water scarcity in arid environments 

remain unexplored. This study focuses on the Victoria catchment in northern Australia, which exhibits a unique 

seasonal precipitation pattern with nearly no rainfall during the Austral dry season (June-August). This 

provides an ideal temporal window for studying GDE water use by isolating the effects of rainfall. Satellite-

derived SIF data was used to monitor seasonal GDE responses to water availability in the Victoria catchment 

at monthly scale. Groundwater depth measurements and the Budyko framework were integrated to establish 

quantitative relationships between water stress indicators and GDE photosynthetic activity. Additionally, SIF's 

capability for revealing GDE water stress was compared with traditional vegetation indices to demonstrate 

SIF's superior performance in reflecting canopy stress. This research elucidates the relationships between arid 

GDE photosynthetic dynamics and groundwater availability, while demonstrating the potential of advanced 

remote sensing technologies for developing robust indicators of GDE water usage and ecosystem stress. Our 

results contribute to an improved understanding of dryland ecosystem responses to water availability and 

provide a foundation for enhanced GDE monitoring and management strategies. 

REFERENCES 

Doody, T. M., Barron, O. V., Dowsley, K., Emelyanova, I., Fawcett, J., Overton, I. C., Pritchard, J. L., Van 

Dijk, A. I. J. M., & Warren, G. (2017). Continental mapping of groundwater dependent ecosystems: A 

methodological framework to integrate diverse data and expert opinion. Journal of Hydrology: Regional 

Studies, 10, 61–81. https://doi.org/10.1016/J.EJRH.2017.01.003 

Eamus, D., & Froend, R. (2006). Groundwater-dependent ecosystems: the where, what and why of GDEs. 

Australian Journal of Botany, 54(2), 91. https://doi.org/10.1071/BT06029 

Mohammed, G. H., Colombo, R., Middleton, E. M., Rascher, U., van der Tol, C., Nedbal, L., Goulas, Y., 

Pérez-Priego, O., Damm, A., Meroni, M., Joiner, J., Cogliati, S., Verhoef, W., Malenovský, Z., Gastellu-

Etchegorry, J. P., Miller, J. R., Guanter, L., Moreno, J., Moya, I., … Zarco-Tejada, P. J. (2019). Remote 

sensing of solar-induced chlorophyll fluorescence (SIF) in vegetation: 50 years of progress. Remote 

Sensing of Environment, 231, 111177. https://doi.org/10.1016/J.RSE.2019.04.030 

 

Keywords: GDEs; SIF; photosynthesis 

© MSSANZ and The Authors, CC-BY 1033

mailto:steve.gao@csiro.au



