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Input: The ravine is a V-shaped valley.
Output:<ravine,is,V-shaped valley>
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JESC:

After removal, both downstream and secondary velocities increased and, though still
weak, secondary flow intensified. Large, relatively stable, obstructions that span a
significant portion of the channel may act as natural dams, effectively ponding water
upstream of the LWD, thereby producing substantial convective deceleration of the flow.
Tal and Paola showed how laboratory experiments using vegetation to stabilize banks

can organize the flow and convert the planform morphology from braided to single-thread.

EEN LR
<downstream and secondary velocities, increased,
after removal>
<LWD,producing,substantial convective deceleration
of the flow>
<vegetation,can organize the flow and convert, the
planform morphology from braided to single-thread>

LNl WEE

<secondary velocities,increase,downstream velocities>
<secondary flow,intensify,after removal>

<natural dams,effectively ponding,water>
<vegetation,organize,the flow>

<planform morphology,convert from,braided>
<planform morphology,convert to,single-thread>

VS

N LAhIRES

<downstream velocities,increase after,removal of large woody debris>
<secondary velocities,increase,after removal of large woody debris>
<secondary flow,intensified after,removal of large woody debris>
<obstructions,act as,natural dams>

<vegetation,organize,the flow>

<planform morphology,convert to,single-thread>

<planform morphology.convert from,braided>

J
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JRC:

It was concluded that the stability of channels upstream of bifurcations,
and the location of bars at bifurcations, influence bifurcation stability
and the maintenance of river anabranching in the long term.

EEENCIINiTR
<bars at bifurcations, influence, the maintenance of
river anabranching>

<bars at bifurcations, influence, bifurcation stability>

enEE:
<bars at bifurcations, influence, bifurcation stability>
<bars at bifurcations, influence, anabranching>

VS

N T AmEEs R
<bars at bifurcations, influence, river anabranching>
<bars at bifurcations, influence, bifurcation>

]
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Navratil et al. (2006) evaluated methods for determining bankfull discharge.

<Navratil et al. (2006), evaluated, methods>

!
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<bars at bifurcations, influence, bifurcation>

- [<bars at bifurcations, influence, river anabranching>]
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They concluded that the effective discharge probably has more relevance than the bankfull
discharge to the overall picture of sediment movement but, because width is constrained by the
stability and resistance of the bank material to erosion during high flows that also scour the bed,
the overall channel geometry is likely determined by discharges at or near bankfull.

TR LT

<effective discharge, probably has more relevance than,
the bankfull discharge>

<bankfull discharge, is determined by, the stability and
resistance of the bank material to erosion>

NI =R

<effective discharge, be relevant to, sediment movement>

<bankfull discharge, determines, the overall channel geometry>

<river width, is constrained by, the stability and resistance of the bank material>

(R = A N\
- Input:

Meander extension and, to a lesser extent, vertical accretion
were found to reduce the energy expended in channels and to

VS

(AT R

<effective discharge, be relevant to, sediment movement>

<the overall channel geometry, is determined by, bankfull discharge>
\<high flows, scour, the bed>

<river width, is constrained by, the stability and resistance of the bank material>

drive the changes that displace flow onto the floodplain.

Output:
<meander extension, reduce, the energy expended in
channels>

<vertical accretion, reduce, the energy expended in channels>

<meander extension, displace, flow onto the floodplain>
\<vertical accretion, displace, flow onto the floodplain> /

Bl 7 bn Kb e 0 i 45 R H

You are a geomorphology expert. From the given text segment, identify two entities related to

floodplain, sediment, catchment, and fault.
causes, forms, results in, and is part of.
Example 1:

Example 2:

Output: []

Example 3:

erosion>

fluvial geomorphology and determine their semantic relationship.
Geomorphic entities include, but are not limited to: river channel, terrace, alluvial fan, sandbar,

Typical relations describe genetic, process-based, or structural links, such as: controls, influences,
Refer to the following examples to learn the extraction pattern:

Text: River terraces are formed by repeated incision of the river.
Output: <river terraces, formed by, river incision>

Text: The paper reviews previous studies on river morphology.
Text: The sediment transported by floods affects channel stability and bank erosion.
Output: <sediment transport, affects, channel stability>, <sediment transport, affects, bank

Use the standardized triplet format: <entity:, relation, entity>>.

If no valid geomorphic entities or relationships are found, return an empty result "[]".
Do not include any natural language explanations or comments — only output the triplet structure.

& 8 4% 51 Prompt

B — B SRR, AR R KB R BE T
Hefih o
23 RELFAE5IRA

AHEFERI OpenAl $2 L1 GPT i 5 BLEAE Ny
PR, S e Y b A5 SOk o i =0T A s
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H few—shot fE 1 FIFETCRT KA N TARTE &4,
5 | 5 58 URRR B 5 a5k ALk, FRE At
FEXHIIBRIER S5RGBT 5K

S2G 3 1 P8 OpenAl ‘B 7 b FH ARy g B2 4% 11
(application programming interface, API)#% I 47 £
Bz A (E 9), BT Python 15 5 HF & i BUR B2 A A,
FZAMAH OpenAl ELH SHEANKZZ B, 173
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Function AskGPTToAnswer(base_url, api_key, model, system_prompt,
user_input):

# Step 1: Gl OpenAI GPT % Jiifi
Create OpenAl client with:

- base url =base url

- api_key =api_key

- http_options: allow redirects = true

# Step 2: F93& Chat >R
response = client.chat.completions.create with:
- model = model
- messages = [
role: "system", content: system_prompt },
role: "user", content: user_input

# Step 3: IR [A] GPT [FIZ %5
Return response.choices[0].message.content

K9 V&M GPT Y APT 4 1T 7 AU ERUT: 55
BESE T AR T AR, #24E £ 42 5 Windows 10, Python
WAy 3.9, FE AU L TR0 W 28 i 42, SR 43 Bekk
PR MEFEA RS TE K o
R IER SCAS A B2 X 45 R A R 5, (]I 5 22
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100 53 24 1 9

imi =JTA
4 1 19 12
0 1 9 16
2 0 18 14
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ST Pl 22
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(40 “ sediment transport” 5 “sediment flow” #2547 ),
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B4 SRR S 5 RN 2 AN FAT S5 04T T har vEAR,
Bif J 3 T PR DT C b v X 5 8 = e 4H 4544 1Y DE R
WO T T 28GR, DA4 T i KOs 5 B AR AE Il
HA R EUE 55 T AR B

1) Jhar AR50

i 44 SR F2 B ST M 3 SR B
HARBIRBIRE J1 . SEEREE R B R, WAL SR
F5% EHAS T Precision & 0.912. Recall 4 0.886. F,
0.899, XL KR, Kifk 5 HIAYREUSH R HEwf M e ff
FF o3 ZEIAT i M AR DG LA, o IR RE 1 AR

FAMIC: AL RIS SOCR IR, &
RIS, BRI Precision 24 0.873. Recall
9 0.841, F, 2 0.857, A UL, HERYAE PR AE F R SCH
SO AR SRR ) B OC RO B A B R KO

2) SEEE = AL

Ryt 2 B A IR A v 1) i b B A v B 2R
K TEARVE L ARAEGE T4, G R L SEA, 3 T
RIFBTIEAY L], 45554 Precision 7 0.834, Recall
9 0.789. F, 3 0.862. AHLL TS, TAL 55 VA, # 4k
SIuFEbRA T R, FEEE TR 2 TR E
(1) IRVCELIR 2L : DAL, BAR TR S R FRA
SN ER, (B = TR E R 255 (2) S5 kit —
ot A 0T 5 PR RS A AT, s S B0™
& DT HC R

2L T FEPH TR RS

F2 ZUAMBERITM

e il Precision Recall F,—Score

ARG 0.912 0.886 0.899

X ZR A 0.873 0.841 0.857
VTSR CIIN 0.834 0.789 0.862

Zi b, GPT 7l i M A kL L BB 55 e )
H A Y S AR ) S T SCSC R BR RE T, B ARl I
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K
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3.3 HEERSH
1) AHEREE R AR
it — A BT A Z2 2 T SL5E & T R

B, A G AR R O 23R A 1 SRR, i Hi gl S K]
TR A4S ROCR . SHOCR . AR IS L OC
R BTSRRI B Top 3 W3 3.

®3 BEBHXRASGIT

ik 17 (Top 3)

FRK R controls, causes, results in
KR occurs in, distributed along, located at
LR initiates, develops into, formed by
B RR is/are, has/have, includes

AT pu

PR — D FAF S R TS — A SR AR A SR A s K b B AR 9
LA PAPSES

SR PR AA B RAE 23 ) b A A s OC AR

i3 — 1 M SR R A B I 1] 5 2 08 5 — P SR EOIR A 19 e 81 i A
SR BEVE 5 45

S SCHE A& Z 8] )32 B B0 2627 1R 2R, T A S U A TR 1) J2 R 45 4

SEILFW, AEC R ATy T, IR B
JalfI 45 “is/are” “has/have” “includes” “related to” “cause”
S, R IR SOCERIESC R A, BEARLTRRE I HA
BRSSOy I p R 2R SO &R, DL B A5 (A 2
WK R . RAF X EEE J4if SURR MR F
— e, AEAE AN [R] T B v A5 B AR B2 I, 1 P RS A
B0 2 )20 G 3 i S HEaE )

e 4 Frow, SEAR I A R s e A AL
“river” “river channel” “riverbed” “floodplain” “sediment”
S5, VLI RS R R A T AL S i R e T4
4, F5 G MBI B R L

Fz 4 Top10 LRSI

RN HEBUR /%

river 208
river channel 145
riverbed 132
floodplain 128
sediment 114
bed rock 98
catchment 91
tributaries 84
terrace 79
alluvial fan 71

X TR ARy, &I AR, IS
I AR . X T ALY ], <is” A “are”, 5% [A] — 1]
MR AYiA], fn “influence” A1 “influences”, W& AT 45
BAEIHGT . HE—2%F = Judl NS4 T 418 5 a5
GErt ot e R B, RS S I I K R A AR
ik BP 3 K R 28l BC7E 10 DAL B3R 28t i)
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SEREPRIEL S 22 EAB MY 25 A LR, PRUESSAAR S
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", BEAVRRAA ik FH Lk i Jf e R R B 2 A RIS
(4) BEXF & A BAES R 55 R GO E A i L LR TE R
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rating the uplift of the plateau” XSS 1 (5) MUk
FHTAL G Bek SUAR, 10 RE S Bk X 25 5, A SRAK il
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Sedimentation has occurred in the low uplift rate section.

GPTHIERESH :

<sedimentation, occurs in, low uplift rate section>

Table 2. Frequency (number and relative proportion, %) and size distribution (total size and
relative proportion, %) of water bodies in the river-floodplain area between Vienna and the

3% )
The Upper Lancang River (ULR) ...... Geologically, g 4k
the ULR region belongs to the Gangdese Block, one of GPTHUAE R : .
the structural blocks formed by collision between the <Upper Lancang River, belongs to, Gangdese Block>
Indus Plate and Eurasian Continent.
J
'q ™)
SR ) GPTHIHREE R «
Magy researcherg haye repgned (hafitey ecunic <tectonic motion, accelerating, uplift of the plateau>
motion accelerating the uplift of the plateau.
\ y
( )
GPTHIRZEH
JE3C: <sedimentary processes, control, river terrace
Sedimentary processes control river terrace formation. formation>
\. J

GPTHIHZE R «

/

Slovakian burdcr,[classiﬁcd ing to their geomor ical !ypc] (modified after Tockner and
Schiemer, 1997)

Type Number % Total size (ha) %
Eupotamon 1 0.4 1400.0 71.6
3 13.0 98.5 5.0
Plesiopotamon 80 325 244.4 12.5
Palaeopotamon 130 52.9 200.3 10.3
Gravel pits 3 1.2 10.8 0.6

\Tota] 246 100.0 1954.0 100.0
N -

»{ <Parapotamon, classified according to,

geomorphological type>

K10 il HRES R il

<Climate change, influences, River discharge>
<River discharge, affects, Sediment transport>
<Sediment transport, results in, Erosion>
<Erosion, forms, Terrace formation>

<Terrace formation, is part of, River landscape>
<Tectonic uplift, controls, Channel incision>
<Channel incision, leads to, Valley deepening>
<Valley deepening, results in, Terrace formation>
<Terrace formation, includes, Sediment layers>
<Sediment layers, record, Uplift history>
<Sediment transport, occurs in, Floodplain>
<Floodplain, includes, Channel bars>

<Channel bars, are formed by, Deposition>
<Deposition, leads to, Lateral accretion>
<Lateral accretion, shapes, River meanders>

are formed by

Climate change

influences
River discharge Tectonic uplift
- affects influendes

Sediment transport

occurs in

=

I‘-

ggers Floodplain controls

includes

Channel bars results in

I+

Deposition Channel incision
leads to leads to
y
|Latera1 accretion| ’ Erosion ‘ | Valley deepening|
can stabili'.z-‘; shapes forms results in

b
|Terrace formation

| River meanders

includes is part of
| Sediment layers | | River landscape |
record

Uplift history

PEIL Jnie st A R IS SR A SR 47
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ABIF G H 00 2 T I 75 458 1) Tl 7 b 5 N R
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P, JCRT R 0 ) 5 52 A0 3R, AT ELAEAL R A
AR SCHR . RS 25 5 1 F AR TR 5 SO, B R IR 3C
ALEAERERE ] . HOR, 1545 T GPT 7£ few—shot i
BN 0AE S5 B RE T, AT AT 2K RGN TR
TR, KSR D ] B0 ] 58 s U T 55, 1835 R
TR A . 5% G058 TR0 Bl 2 27 2 R il B
Ty AR L, AT VARG FE S A R ISR
fig, HEA TR Y m) 20 N B 7 5 ¢ RIFRE T, i
BAE L T R KA R R G50 A T AR

TESS 3.3 WIS R A AT LUE AL Y
R FR AR Z D fig 38 1) (4N is/are. has/have,
includes, related to 45 ), 321 B 1S 7E 18 Al B2
HAF BB A . T OC R EE, R iE L3Rk
FIRNEER— B0k, AR AET UG #E— 25 T R
AR AL 5 SEE AL o LI LA A
SRRy, ¥/ NS G 1R 4R A, TR 5 R LAY
=45 B ¢ R A, U1 causes. controls, influences. re-
sults in, occurs in, located at, erodes, deposits, forms,
composed of, records. is type of &5, FifiJ5 X D g ¢
FHEATIE VA I 5 AL B IR > is/are T 2500 5E X
Fsf Wi 555 A7 is type of, has/have Fll includes 7F 2H f% i X
T4—k composed of B¥, includes; £+ I T 3CH HIBLH
I fiik %% 18] (40 because of . due to. driven by %), N re-
lated to £2 4 causes BX influences; JCIEH T iE X T
] PR FFM related_to JFAR{FAARAT B, WG 2
b E AT T IR IH Ak 5 07 AR IE, PRUETE R 2 1)
W, AR G PEI AR A, (0 0 2 4T
T RR A REE EE S A B . 8 A
WSS ITIA, FREEAE RN R 25 A A
A A AZ O SC SNV B, o0 J5 23 T HU AR AR AR 1Y
KAY J 5 et T4,
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PR IREOC R IR, A S 1 B HIBR A . HAR,
X TR B MO 25 48, AR S AR U)o 2
A TR SCEIZL, SE0 5C R e s vE . S X — 1)
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RE 25 5, J5 v 7E 48 — i KB 5 Prompt 554 T JF @
A/B X HRSZLS, PEAGAN [R] 53 B 5 WX il OERA R A
SRR

BEAb, ARG ARSI BIRL A 5l 240 (4N temperature
top_p) HFATHURMESL R . B TORE E AAE THRES AL
FBCTT AR 2R B2 HEVE, S B0 AT 3 EE AR bR A
PR, R FH 1 2 2 50 DU AR IE 25 2R i e pE 5 mT &2 0
PE o AR AT FER RGO B 38 AR AT 55 h i — 20
RIS TR LB s TEEH

Syt — 0 AL IR (R R HAR SRR, A5 R
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#, FE 1535 Precision 19 [5] 5 3 il Recall, SEHL A 1E
PO 518 Xz AR P

5 45ig

AHIF T G2 ] i SR E 5 9 R Sk A5 4 1k
[, i RS T —FR T GPT 9 KiE 5 A AL
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*5 HBIRZ=JTHLR

A
JF4]: “Sedimentation has occurred in the low
e e s . lift rate section.” . R .
L TR0 0 0 B R S AR X up KABTEREN S “low uplift rate sec-
o s o . . . .
SR B4R FEL 35 s & T AR A GPTHli . <.sed1me?1tat10n, occyrs in, low‘uphft> ion” % 4+ % 17, 1R “rate section”
EL{H: <sedimentation, occurs in, low uplift rate
section>
J5/]: “The river originates from the
Jimayangzong Glacier.” “ »
e v om . . . . X “originates from” /)72 45 14 B i
B .
SCE R +. = 1¥Eﬁ?ﬁéﬂi3§§ GPTHhHL: <J1mayangzong Glacier, originates, T A i from” J5 6 2 14
T8 77 [m] R river> o
EAH: <river, originates from, Jimayangzong
Glacier>
JFi/]: “Because of the influence of the mountain
g SEERUCEIEN (o BT o g e 80380
- TS sk A i o P . ANA EE TOREXR R “is at”
FL{f: <river course, changed, due to mountain
location influence>
. - S - . . UARTAL B B PromptBE T R REE
Ao TH, = 1| PR A Ei M GPTIR [rl 55 1 : X .

e 2 A XA S0, = TRl PRI A SCARAS X ke 1R ] %5 B, S AT SR A TR SR L
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Research on river geomorphology knowledge extraction based on large
language models

LIU Xiaolu', WANG Jiahe'?, WU Jin', MA Xiaoyi'?, QIN Shuai’, WANG Shu'**
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3. Hebei South Canal River Affairs Center, Cangzhou 061001, China
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Abstract As river geomorphology research increasingly relies on large—scale literature integration and analysis, the challenge of
extracting structured knowledge from unstructured texts has become central to advancing digital and semantic approaches in
geomorphological science. This study proposes a GPT—based method for automatic knowledge extraction in the field of fluvial
geomorphology. A structured Few—shot prompt framework was designed to guide the model in identifying geomorphic entities and their
relations, enabling the generation of standardized knowledge triples in the form of <entity,, relation, entity,>. The workflow consists of
corpus preparation, prompt engineering, model invocation, and structured output. Applied to 30 high—quality English—language journal
articles, the approach extracted a total of 7605 knowledge triples, encompassing 22815 entities and relations. Evaluation results
demonstrate that the method achieves high accuracy (Precision=0.834), good recall (Recall=0.789), and stable overall performance
(F1=0.862). Nonetheless, limitations remain in the handling of abstract logic, long—range dependencies, and relation directionality. Future
improvements may involve domain—specific model fine—tuning, integration of geographic ontologies, and multimodal data fusion. This
research provides a practical solution for intelligent knowledge construction in fluvial geomorphology and expands the methodological
toolkit at the intersection of geographic information science and artificial intelligence.

Keywords fluvial geomorphology; large language models; knowledge extraction; triple structure; GPT; intelligent physical

geography
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