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Fig.2 Spatial distribution pattern of GTFP in cities of the Yellow River Basin
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Table 2 Spatial Markov Transition Matrix of GTFP of cities in the Yellow River Basin
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Fig.3 Spatial distribution of GTFP type transfers in the Yellow River Basin from 2006 to 2022
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Table 3 Estimation results of the threshold effect
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Table 4 Results of robustness test
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The spatiotemporal evolution of green total factor productivity
in the Yellow River Basin and the threshold effect
of water resource constraints

Zhang Yongkai®, Gao Mingmin®
(a.School of Agriculture and Forestry Economics and Management / b. Research Center for Resources, Environment and

Urban-Rural Planning, Lanzhou University of Finance and Economics, Lanzhou 730101, China)

Abstract: This study measures the green total factor productivity (GTFP) of 81 prefecture-level cities in the
Yellow River Basin from 2006 to 2022 using a super-efficiency SBM model with undesirable outputs. Kernel den-
sity estimation, spatial Markov chains and panel threshold regressions are then used to examine the spatiotempo-
ral evolution of GTFP and the green effects of industrial agglomeration under water resource constraints. The re-
sults show that GTFP in the Yellow River Basin generally increases, while a gradient pattern of downstream lead-
ership, midstream differentiation and upstream catch-up has formed. The spatial Markov transition matrix further
reveals path dependence, club convergence and asymmetric neighborhood effects. Threshold regressions indicate
that water resource constraints significantly reshape the green effects of industrial agglomeration. Manufacturing
agglomeration has an inverted U-shaped effect on GTFP and promotes GTFP only under moderate water con-
straints; the positive effect of producer service agglomeration weakens as constraints intensify; and manufactur-
ing-service co-agglomeration turns into a significant negative effect in highly constrained areas. These findings
suggest that green industrial transformation in the Yellow River Basin should not rely only on the expansion of ag-
glomeration scale, but should integrate rigid water constraints, water-right allocation and functional industrial co-
ordination into a unified policy framework.

Key words: green total factor productivity; spatiotemporal evolution; threshold effect; water resource con-

straints; Yellow River Basin



