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ABSTRACT

Abstract—LLM-driven geospatial agents are advancing GIS (geographical information system) question an-
swering from textual response generation to executable spatial analysis, in which agents automatically plan
and invoke GIS operators to produce spatial artifacts derived from actual computation. This paper refers to
such tasks as spatial-analysis-oriented GIS question answering. Their correctness requires both successful
workflow execution and satisfaction of the spatial topological relations specified in the query, whose validity
must be determined from actual spatial geometries. Existing studies have primarily emphasized task planning,
tool use, and answer correctness, while providing limited support for geometric verification of whether execu-
tion artifacts satisfy the original spatial topological constraints. They also lack a mechanism for carrying ex-
plicit spatial topological evidence through analysis planning and result verification. Consequently, a system
may produce an apparently executable spatial result that violates the requested spatial topological relations
without detecting the violation. This paper formalizes this failure as spatial topological executability hallucina-
tion: the workflow executes successfully, but its output artifacts do not satisfy the spatial-relation predicates
declared in the query. Unlike textual hallucination, this error is embedded in executable spatial artifacts and is
difficult to detect from conventional execution-status signals. To address this problem, this paper proposes
TopoGeoKG-Agent, a geographic-knowledge-graph-driven framework for GIS spatial analysis question an-
swering. Its central idea is to connect workflow planning and result verification through shared spatial topo-
logical semantics and geometric provenance while preserving the independence of their decisions. The contri-
butions are threefold. First, it identifies and formalizes spatial topological executability hallucination in spatial
-analysis-oriented GIS question answering, providing computable and measurable criteria for this failure. Se-
cond, it introduces an agent mechanism that models spatial topological evidence once and uses it jointly for
planning and verification, elevating the knowledge graph from a passive retrieval source to an active source of
analytical constraints while retaining geometric provenance as a basis for result inspection. Third, it constructs
the GeoKG-QA benchmark with a separation among planning evidence, execution records, and evaluation
ground truth, enabling spatial topological consistency to be measured independently while reducing evaluation
distortion caused by information leakage. GeoKG-QA covers natural-language spatial-analysis tasks with spa-
tial topological and compound constraints across five cities. Under a unified GIS toolset, execution protocol,
and evaluation procedure, the study compares multiple foundation models and system configurations and ex-
amines answer correctness, spatial topological consistency, hallucination detection, and closed-loop verifica-
tion overhead.
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