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Fig.1 Distribution of landforms, land use changes and groundwater monitoring

points in Xiaojiang River basin, Yunnan Province
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4.3 AE i F) AT WIS RER Eh & XL R AR A 220
4.3.1 BBR 3k 8 RACE B 5% (VA CIS A7)

R 1 v B A C B B 07 72 4y, 43 A
A HLAE B HE (land D (A (G HuB) SR FI A b AR bR
Hb(land L .F K J Higk) Ak A2 B M (land H.B.1.E
M) Fobr b AR 2 5 L (land C HEBR) ) CIS (3R 2),
432 LA A ER TLE CIS X &

X3 2 BAR AT AT, A B b A IS A AR AL
5 CIS WRRWT .

(WARFIH A H S CIS W/

1982 4%, A FIHH land—A Jand—D Jand—G
CIS 73 5l 7 48.82% 49.21% M 48.90% , -3 H
48.98% ; X 2L + 1 AR A HFFHL IS, 2003 4F |, CIS 430l A
37.12% 42.65% .43.60% “F-¥1°8 41.13%; CIS 437 A%
T 11.7%.6.56%.53% , F-BIFEMK 7.85% (&1 2—-A),

1 TiF AL ETREFERSBENL nmol/L)

Table 1 Change of grounderwater chemical composition after land use conversion (mmol/L)

LHORJIE XA gy A pH  Ca’ Mg HCOy SO, NOy  K'+Na'  CI°
Land.Dp 1982 620 1631 0437 407 000 000 0242 012
2003 750 1343 0611 341 017 007 0076 012
1982 750 1219 0558 347 006 004 0057 005
AMBZBHE Land-A 003 790 0980 0943 306 015 008 0.11
Land.G 1982 620 1763 0560 456 000 000 0270 007
2003 7.61 1390 0775 384 013 007 0035 005
LandL 1982 770 1352 0797 398 012 004 0081 009
2003 790 1602 0719 442 024 033 0069 0.12
LandF 00§31 1ag2 0758 4% 013 039 003 002
AR Landk 1982 650 2402 0363 533 003 000 0048 0I5
2003 740 2626 0319 58 006 000 0019 002
Langy 1982 710 2646 0336 530 002 000 0048 0IS
2003 7.40 2860 0293 587 001 002 0019 002
Landpi 1982 670 2096 0340 493 000 000 0171
2003 790 1940 0523 440 035 026 0127 020
Lang.p 1982 690 1250 0520 336 015 004 0067 016
e 2003 777 1599 0622 302 020 015 0054 009
: Land 1982 730 1277 0800 400 000 000 0000 020
2003 750 1.168 0841 365 014 016 0.17
Langp 1982 760 1770 0725 490 005 005 0019 000
2003 830 1517 0899 432 007 015 0029 004
PP 1982 600 1685 1571 641 000 000 0097 007
MIASRBIIIE Land-C o003 740 1856 1397 620 003 000 0120 0.04

TE bR K AR 53 pH (HCO; (Cl \NO; ,SO% &5k B /ANESUR 1482, 100 K \Na'  Ca?" \Mg?*

K th B g /N BT 2 4 R 2 b B 2 o g N RS 2 e 3 A
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Table 2 CO,~C sink strength, ratios of (Ca*+Mg*)/ HCO; for land use conversions

i%MMc . CIS /% (Ca”™+Mg”")/ HCO5~ HCOs s %k
et 1982 2003 ACIS 1982 2003 ARatio(%) 1982 2003 Aloss
Land-D 4921 4265  -6.56 0.508 0.575 13.19 0.065 0.5011 0.437
SR Land-A 48.82 3712 -11.70 0.512 0.629 2286 0082  0.8653 0.784
ZHHE LandG 4890 436 530 0511 0564 1038 0.101 04911 0390
average 4898 41.13 -7.85 0.510 0.589 1555 0.082 0.619 0.537
Land-L 4597 47.56 159 0.540 0.524 2,96 0.321 0216 -0.105
Land-F 47.49 49.18 1.69 0.525 0.508 -3.24 0215 0.059 -0.156
$§iﬁf Land-K  48.14 4921 1.07 0.519 0.508 212 0.198 0.092 -0.106
Land-J 4372 46.32 2.60 0.563 0.537 -4.62 0.666 0.432 0.234
average 4633 4807 1.74 0.533 0.524 -1.69 0311 0.239 0.072
Land-H 4936 44.07 5.29 0.506 0.559 1047 0.063 0.523 0.460
Land-B 4735 2639 2096 0.527 0.736 39.66 0.178 1.425 1247
MHAEBF Land-1 48.06 44.96 3.10 0.519 0.550 597 0.155 0.368 0213
L Land-E 49.10 4409  -5.01 0.509 0.559 9.82 0.089 0.511 0.422
average 48.47 3988 -89 0.515 0.601 16.70 0.121 0.707 0.586
}@%@%f Land-C 4920 47.54 -1.66 0.508 0.525 335 0.103 0.306 0.203

IE . ACIS=2003 45 1982 4F CIS Z %, ARatio (%)—(Ratioxs—Ratio)/ Ratiow, ALoss——2003 £4£5 1982 4 HCO;

ZE,

Q) AAI HIHAZ At CIS 35

1982 4F | KA M land—F Jand—] Jand—K &
land —L B CIS 73 5 i 47.49% 43.72% .48.14% .
48.82% M 49.21% , “F- 21 46.33% , 1M 3% 2£ 2K F1| ] 1
R MRHL S, 2003 A, CIS 43 A AE R 49.18% |
46.32% .49.21%5 47.56% ,~F-21725 J 48.07% , V- ¥ 14
T 1.74% (Bl 2-B).,

G)MRHLAE B LSS CIS Wk

1982 4, MM land—B, land—E, land—1 K land—
H 1Y CIS 53518 47.35% .49.10% .48.06% M 49.36%,
YR 48.47% , T 3K BE AR M AR S B ML 2003 4
CIS 7790 26.39%, 44.05%, 44.96% and 44.07% ,°F-
178 39.88%, CIS “FHIFEIR T 8.59% (&l 2—C),

(@M AS R HL S CIS /)

1982 4, MM Land—C, CIS N 49.20% ;2003
AR HAR N BB LS | CIS A8 B 47.54%, FEAK T
1.66% (¥ 2-D),

S b ) A AR R R ik R AR KU IR I O,
B 52 AR K, 1982—2003 413X B i ] L | < 1) H Ml
RS CIS P N R T 7.85%; MHLAE#HE LS |

CIS F¥IFFET 8.59%; MHbAS % HH)5 , CIS
BT 1.66%; A FIFH AR Motb J5 | CIS “F3¥ 3 m 1
1.74%,
4.4 CIS M= E &

iR 7K H HCOs Ik AHCO; /T K (7) 315,

AHCO;=AHCO; peoreici™ HCOs pured(mmol/L) (7)

HCO3 urea=HE T 7K H1SE BRI E , HCO; greorecca=
FH MR K b SE I Ca?*+ Mg (mmo/L), H (Ca>*+
Mg*)/HCO,=0.5 115,

WK 3, SO +NO; K HCO K, Kl 4 5%
2 7R, Ca®"+Mg?")/HCO; Z 75 ARatio (Ratioms—
Ratiou)/ Ratiom) i K, Wk 58 51 2k A CIS B/
RZINR

H AT, CIS B2 46 S SO +NO: A B 2 (41
RNE TTHL T 7K H Y SO M NOs /2 NI B R4
1982 4F, HF9E XN HL T KT ) SO% \NO; Y & &= AR
A RIS KRREIZL, 71982 A F] 2003 4F 1Y
X 21 A Bl A M AR Ak A AR GE i
H NH,NO;, (CO (NH,),), (NH,),([PO,) Hl (NH,).S0,)
il 1152 BN 9 842x10° kg ¥ hNE] 28 981x10° kg B 1 3
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The impact of land use on CO, intake of chemical weathering in a typical
karst region: a case study of Xiaojiang watershed, Yunnan Province

LIU Chang—li', LIN Liang—jun’, SONG Chao', WANG Xiu—yan', HOU Hong—bing',

ZHANG Yun',WANG Jun—kun', JIANG Jian—mei', WANG Jing—jing', PEI Li—xin'
(1. Institute of Hydrogeology and Environmental Geology, Chinese Academy of Geological Sciences, Shijiazhuang 050061, Hebei, China;
2. China Geological Survey, Beijing 100037, China)
Abstract: The weathering process of terrestrial strata consumes atmospheric/soil CO,, forming an important sink
of atmospheric CO,. This study intends to highlight the relationship between CO, intake by carbonate weathering
and land use changes in a typical karst area at Xiaojiang watershed of Yunnan Province. The authors analyzed
more than 600 groups of groundwater composition data collected from 25 monitoring points in 1982 and 2003.
These monitoring points were chosen from 12 typical areas of land use conversion in the watershed that consisted
of four change areas from forestland to cultivated land, three from unused land to cultivated land, four from
unused land to forestlands and one from forestland to construction land at Xiaojiang watershed. CO, intake
strength  (CIS,%) by carbonate chemical weathering is presumedly defined as the percent of carbon from
atmospheric/soil CO, (representation with HCO5) in the total carbon during chemical weathering (representation
with HCOj5) , and its formula is expressed as CO, intake strength (CIS,%)=100X%[1—(Ca*"+Mg*")total waters)/
HCOj total waters]. The estimated results of CIS changes of four land use conversions from 1982 to 2003 show
that CIS of forestland (48.84%) is higher than that of unused land (47.66%). From 1982 to 2003 the average CIS
decreases in these three land use change areas (unused land to cultivated land, forestland to cultivated land and
forestland to construction land) were —7.85%, —8.59% and —1.66%, respectively. CIS increase of the change area
from unused land to forestland was 1.74% on average. As for cultivated lands changed from unused land and
forestland, construction land from forestland from 1982 to 2003, the ratios of Ca**+Mg>*/ HCOj5 in groundwater
were from 0.510 to 0.589, from 0.515 to 0.601, and from 0.508 to 0.525, respectively. All the ratios increased.
For the conversion of unused land into forestland, the ratio declined from 0.533 to 0.524. The more the ratio
increased, the less CIS and vice versa. In addition, it is found that loss of HCOj is positively correlated to SO +
NO; concentrations (in mmol/l) measured in groundwater, SO% +NOj tends to increase while loss of HCO;
increases. The more the loss of HCOj is, the less the CIS and vice versa. Adding N—fertilizer such as (NH,),PO,,
(CO (NH,),), NH,NO;, (NH,).SO;, after changing from unused land or forestland to cultivated land interferes or
counteracts with carbonate weathering due to carbonic acid because such N —ferlitizers can become HNO3; by
nitrification. This results in a relative increase of Ca*’, Mg* and a relative decrease of HCO; in karst water. When
this occurs, it lessens the CIS.

Key words: CO, intake strength ;land use change;chemical weathering;karst area; groundwater
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