Executive summary

Natural forests are, rightly or wrongly, the global benchmark for both ‘watershed functions’ and ‘bio​di​versity conservation’. While both these functions can be affected by forest conversion and further intensification of agriculture, the trajectories of both functions are essentially different. ‘Watershed functions’ can be defined as the way landscapes determine quantity, timing and quality of river flow, given the rainfall that is received. There is only a very partial direct overlap between watershed functions in this sense and the ability to conserve, provide habitat and connectivity for biological diversity in landscapes. The relationships between land use change, watershed functions and biodiversity conservation are captured in a series of 10 hypotheses and 5 major questions studied in this report. We tested the hypotheses for internal consistency through the construction and use of quantitative simulation models that can be compared with actual data sets.

The two ASB benchmark areas in Southeast Asia that were the focus of this study, Mae Chaem in northern Thailand and Sumber Jaya (Way Besai) in the southern part of Sumatra (Indonesia) have an annual rainfall of about 1.5 and 2.5 m year-1, respectively. Total water yield (after subtraction of an evapotranspiration of 1.3 m year-1) is about 0.2 and 1.2 m year-1 , or 13 and 48% of rainfall. These values may broadly represent the hydrology in subhumid and humid tropics. In Mae Chaem the difference between actual and potential evapotranspiration dominates the water balance via total water yield. In Sumber Jaya (Way Besai) changes in soil structure that partition total water yield over quick and slow flows are the main feature that needs to be better understood.
The total amount of water supplied to downstream users generally increases with forest conversion to upland agriculture, but will be reduced to levels of the original forest or below that if irrigated agriculture or reforestation with fast-growing trees become a major water user. This overall effect of land cover change can be directly predicted by summation over the plot-level water balance, as total river flow equals rainfall minus evapotranspiration, when considered at time scales where changes in the storage terms can be ignored. As the absolute changes in water use due to land use change are approximately equal across a wide range of annual rainfall values, the relative effects are highest in the driest areas considered. 

For a study area in northern Thailand and for the Mekong river system as a whole, with annual rainfall of around 1.5 m year-1, land-use induced changes in total water yield can lead to a doubling of the total flow volume (from 13 to 25% of annual rainfall) and to a significant increase in flooding risk for parts of the river where technical control over river flow through reservoirs is limited. For a study area in Indonesia with annual rainfall of about 2.5 m year-1, the changes are limited to about 10% and probably below the threshold of observability given the annual variation in rainfall. 

While the various hydrological models broadly agree on the direction and size of these effects on total water yield, public policy and investment remain often based on expectations of increases in total water yield as effect of ‘reforestation’. In the absence of effects of such land cover change on rainfall, there is no known mechanism or empirical data set to support the views underlying such policies.

More controversial is the impact of land use change on the ‘evenness’ of river flow or the degree to which river flow is buffered relative to rainfall peaks. Both high peak flow, that leads to flooding of downstream areas and is generally linked to reduced infiltration into the soil and increased channeling of drainage, and low levels of base flow that are the result of reduced infiltration into the soil and/or increased uptake of soil water by trees are generally considered to be undesirable. A newly defined ‘buffering indicator’ allows the empirical study of changes in buffering. For a watershed in Indonesia a change in forest cover from 60 to 10% and conversion to a coffee-dominated agroforestry landscape lead to a decrease in buffering (on a scale from 0 to 1) by 0.1. Modeling studies suggest that a conversion to open-field agriculture with ensuing degradation of soil structure could reduce the buffer indicator by a further 0.2 (**??**), doubling the total amount of ‘above-average’ river flow. Empirical and modeling studies for northern Thailand show only a small change in buffering indicator in response to the land use change in the past decades. A number of scenarios for ‘plausible’ land use change driven by scenarios that emphasize food production or environmental conservation lead to ***fill in numerical value*** changes in predicted buffering. These changes in buffering essentially depend on changes in soil structure and are expected to have thresholds markedly below the loss of biodiversity value during intensification of land use. 

As previous studies indicated a lack of empirical evidence for effects of land use change on river flow (except for water quality linked to point-pollution), we explored the hypothesis that spatial variability of rainfall enhances the ‘buffering’ of river flow and reduces the potential impact of land cover change on the time pattern of river flow. An internally consistent model representation can indeed ‘explain’ a reduced sensitivity of the buffering indicator to land use change with increasing spatial scale. This effect may help in defining the decreasing degree to which downstream land users are real ‘stakeholders’ in upland land use, as they live at increasing distance.

Water quality, as third category of watershed functions, can be strongly affected by land use change if organic pollution linked to human settlement and agro-chemicals directly reach the streams. Sediment loads of rivers, linked to enhanced erosion, depend strongly on the spatial organization of a landscape, rather than on average degree of forest cover. Model calculations suggest that riparian forests may be more effective per unit of forest cover in reducing net sediment loads of rivers than forests in other landscape positions. Integrity of riparian buffer zones can play an important role in biodiversity conservation and thus there is at least some parallelism between land use patterns that favour watershed functions and biodiversity conservation. But our overall conclusion is that the two function groups have essentially different thresholds and dependencies on specific land use decisions, making them separate domains for policy attention. 

The main policy problem on ‘watershed functions’ may be in the perceptions that exist in lowland and urban communities about the role of forests in providing such ‘functions’, without specifications of how other land use would actually affect them. A coherent analysis of the local ecological, public/policy and ecological/ hydrological science perspectives on watershed functions, informed by actual observables in case study areas may be needed to move the policy agenda forward and effectively communicate results (that may be contrary to ‘intuition’, current and past support for ‘reforestation’ efforts) to the audiences that negotiate decisions.

