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Abstract: [Objective] Massive multi-source remote-sensing data are a critical resource for delivering high-

precision services for typical tree species in subtropical regions. Yet the great diversity of species and the
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cloudy, rainy, mountainous environment characteristics of these regions complicate multi-source remote-
sensing features, hindering clear spatio-temporal expression of both basic and composite (state and process)
tree-species characteristics. Inspired by geographic knowledge mapping, this study integrated tree-species
fundamentals, geomorphological patterns, and multi-source remote-sensing feature knowledge. It proposes a
framework for constructing a spatio-temporal remote-sensing knowledge graph for typical subtropical tree
species, and by incorporating the DeepSeek large language model (LLM), develops an intelligent Q&A
system organizing and expressing tree-species remote-sensing knowledge more effectively. [Method] To
achieve the above objectives, the study first organized and integrated the basic concepts of tree species,
geographic-law knowledge, and remote-sensing interpretation information at three levels: data knowledge,
conceptual knowledge, and rule knowledge to build a comprehensive system describing the spatial
distribution, temporal dynamics, and geographic context of subtropical tree species. Taking forest class as
the interpretation unit, ontology modelling was used to build tree-species ontology knowledge and remote-
sensing ontology knowledge for individual temporal states. Temporal and spatial correlations reflecting tree-
growth evolution were then introduced to form a spatio-temporal sequence ontology model and to extract
relationships among core elements of remote-sensing knowledge for typical subtropical tree species. In
addition, forest-inventory data, Baidu Encyclopaedia entries, and remote-sensing pre-interpretation results
were fused to enrich the data layer with ontology and attribute information. Finally, entity relationships were
stored in a Neo4j graph database to construct the spatio-temporal remote-sensing knowledge graph, while the
DeepSeek LLM deployed a local knowledge base to enable knowledge-graph-driven interactive Q&A
services. [Result] The study successfully constructed a spatio-temporal remote-sensing knowledge graph
for typical subtropical tree species, and through deep integration with DeepSeek, developed an intelligent
Q&A system supporting natural-language interaction. The system enables associated queries and map-based
visualisation of tree-species knowledge, geomorphological knowledge, and remote-sensing knowledge
across different states. [Conclusion] The proposed approach realises the transformation from “data to
knowledge” for subtropical tree species and through the synergistic computing of DeepSeek and the
knowledge graph, offers flexible, convenient remote-sensing knowledge queries and services. It supplies
data support for knowledge-guided, intelligent remote-sensing interpretation of typical subtropical tree
species and provides a demonstrative application for remote-sensing knowledge mapping in other domains.
Future work will expand the scale of the knowledge graph to meet the demand for high-quality knowledge
services in high-precision forestry remote-sensing monitoring.

Key words: tree species; subtropical area; multi-source remote sensing data; knowledge graph; spatio-

temporal characteristics; knowledge service
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Tab. 1 Semantic relations embedded in the knowledge
base of representative subtropical tree species
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Tab. 3 Spatial distribution patterns and phenological characteristics of representative tree species in subtropical regions

oA
e A ST
A, ZA B
ek R ATTBON398 300 m', EHRSEICH  AEMIa—SH, TRt 2120 - 30 m BRIES e

N \ intididvin P v et 1oyt B LT AR A, R T
FE R R, EENMEE I TIEX GRMELE, Z2EEE9—10H B SR

Pinus massoniana

B 4 \ e .
- ) s FEWI3—5 T, TPHR BRI MEIEAD i BEAE20 ~ 30 m, A EOHELRE, IR K
O o IR0 00 ERAMER e, NN CRRRE, o, R

s ot g 9—111 JABRIEHAER, ELEA3 ~ 7 om

i B30 800 s RIAALEN AN, TFH Rk st 028 m MECKRIG, BT

Acacia spp. U D, B8 I G, TN A6 S PRI, R
AR R TEAI0—1LA, TH B IE  #520 ~ 60 m, BE K SR,

E . FTETHRL25 300 m?, 7EE iR X
ucalyptus grandis x AT
E. urophylla R n

T, Z2RENIEFA N HBIREL] WK IEH -, R0l
Z[A] I8 2 B I A 5 A

RAH LTR %ggﬁﬁfgjgfﬁgmﬁﬁ” W — R T, TWET—10 B —, B30 m, R KA




110 b = ok X

47 %

¥k

()RR SRR AR R AT SR L, AN 2 o S5 S ] M 4l s
Bri& i, K88 2 L EY &, #M A Lidar(GEOG IR
550 2 > 5 At S VR

7E B8 K TR B R, % Sentinel-2 Y6 2% i Al
Sentinel-1A SAR % 5 £8 3F 47 W Fh 45 fiF 42 HL . X
Sentinel-2 SR HEATHE S 8 bn KA IE B RFESE
TRALER, 456 % KA RR AL, I3 4 ML AR A FR BRI
HEAT (5 B EL, 40 NDVIOH — 1L FE 4% 75 50 NDI45
(L4006 H— % 53 48 80 NDVIRE(ZL14 H—
FEAE B 48 20 NDrel (Z030 0 — L 2 FR HO % Xt
Sentinel-1A SAR £ 4 T b #, A FFPUIE KL IE | Fa 5
SERRE, DUAL G 5 B A B 2 A RS e, $REUS
) BT 2R BRI AL 73 i RFAE, W22 T Cloude-Pottier
WAk 23 i, 49 B0 A BURHE H. P39 8UR fa i &
) e 1 B2 AP, FE P S HIE Ab P 45 S R AL |, AR
21 ) — S0P, SREUR R AR BIE (1) 18 8 LA o 45

N TR I T RRAE B 0HE T &, A Hants 38
O I 1] 5 ) B0 3k AT B R, A BT A (R R R R
W Fe BRI A B R A R B 1) 155 901, /b e 7,
iR ek A e oS I B SR 1 3 9 2 i e
TE A SAR FEAR 1Ty 3 B AIE R 1R 45 RAEAN T
I 1] FE 27 T )48 . A\ NDVI ) Hants 3% 51 J5 £
745 AT DUE Y, 2O bR CRE g 8 TR 1) i B0 22 XD
76 1 A 389 AT NDVIAE R BN il 7] fg 5 ik
WA %, 45t Hants JE 5, H NDVIEFR] | — &
IfEIE .
3.2 FHAZKEFIRLE

DA b S0 050 2 A S S0 AR S 2R A o 3 JE e
W = B, B 2R SR SR, RS
Fiti v PR AL R PR ORI A 4 M 1 B R ST
AAG B BA — G5 W R 18 B R S B R A .
AR LA B AR 3, H ik T B A B 45
B Rl SR, (] B B B 4 1 R )
¥ 3 R A N A B . B o, K 3 2R

W
o Y s | | s || | e | s s | s s | s v |

VR AT AT B SCARAE By SRS IR S Aty A o
TE AR TE SO RIANEZE, iy S W b 5 A S
W REBURFIEAS BRI PP Rl R E S5 Ak, G A
JE M B¢, A RDF (resource description framework)
B AR (R SR 2% SR, ik R R B T DL =
TCH T AR HE L TR, BN, <t Rl 4R, 04 X
g, HbFAL B> <P AP RR, AEARHIE, AR
[FR, BTz 7 RIBERBPIZ ML LT
FANFIANE, [ — SR AT REAFAE 2 MFRIE, 75 2T
FR Rl G, T BR = JC2H AT REAFAE I R0 TR ) 0 AR A
SC i, AR “EIEATERY MER” ¥ AR
B o AHITF 508 S R Kimi KA R 31T i 44 SRR
Jills AN B B8 VR i BB Tt 42 Ry 25 57 B8R AR 2
FIESE ARG B . Lk, PLA T B R R R, K
FH SRS T4 AR, S AN 8] 3 (1) [R] — S A AT 48
TH B, B PR SRS B R R — B0 . SR )5, BT X
B SR BCE S Sk, B R AL ) F R 3
TR [ B, TR SR AL R TR A ARLLRE, e iR
BAREMENBRE NG SR &5, BaE AR
Hh R RS i 44 R 5 e SRS AR S5 o 0 S AR AT
B, HABMEG R, WK, Ve,

4 TG R R B I e A7 O A

4.1 FIREERNEREKRFRIE
4.1.1 iR Big e A4k

TEAR R AT I 1) % R M 245 ), EIEHE 2 Neodj fig
R S BAR A E N %% b, HCRFRE], BA &
B RIE BAE R SR . AW IERE Neodj 3H4T
R B AE i, T R TEEIC S T &1 AU D,
ARR MBI S, KAREVIFRICF R RIELG AL &
1k RAVFIE MRS o DL AR B e i P i A v
T, A (] 5 ) PR B Tl A DG 50808 6 A oy 6 ) A 1) R
W =JG4, LA Neodj “I5 si—K R MALEY, 58 BRI
B SR RN OC R AE i . 3 4 IR 5 p s 13

nnnnnnnnn

NDVI
L 201

7 SRR 0 R R TR R4 R

Fig. 7 Partial preliminary remote sensing interpretation results for typical tree species
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Tab. 4 Entity statistics of remote sensing knowledge graph for typical tree species

SR e Ko/ 5 H% B St g3 Bk 5 H /%
SRR A i 23 38.98 SR R A 1066 36.15
TR HIRAAA 23 38.98 TEIRHIR Sk 1089 36.93
B Z T A B RN
N} [k P 51 A A 13 22.04 I T e 81 S A 794 26.92
it 59 100 it 2949 100
5 ARRTERAIDEIEHIERE X RS
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Fig. 11 Application example of the subtropical tree-species remote

sensing knowledge-graph Q&A system
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Fig. 12 Sample response generated by the subtropical tree-species
remote sensing knowledge-graph question-answering system
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