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Abstract

tainous regions in China has become increasingly prominent, and some towns and industrial projects have been expanded to low hills and gentle

(School of Urban and Environment, Yunnan University of Finance and Economics, Kunming, Yunnan
With the rapid progress of urbanization, the contradiction between grain production and social and economic development in moun-

slopes suitable for construction and development, becoming the process of urbanization and industrialization in mountainous provinces and re-
gions in China. The last resort. How to balance the protection of cultivated land and food security with the ecological security issues arising from
the construction and development of low hills and gentle slopes is an important issue that must be systematically studied in the development and
construction of low hills and gentle slopes. This article takes Dali City, a key urbanization area in Yunnan Province and a pilot area for the de-
velopment of low hills and gentle slopes as an example, to make a preliminary exploration of this issue. The results showed that; () Urbaniza-
tion and urban expansion will result in a decline in the comprehensive effect of land use regardless of the construction of high-quality cultivated
land in dams or forest land occupying low hills and gentle slopes. We must weigh the comprehensive effect of land use on the two types of agri-
cultural land occupied by urbanization, and the two harms are taken lightly. @ In comparison, the cultivated land occupied by urban (town)
construction, especially high-quality cultivated land in dams, is much larger for mountainous areas than the development of low hills and gentle
slopes. 3 By strengthening the ecological restoration and greening of the development of low hills and gentle slopes and the development of or-
ganic agriculture and ecological agriculture on the arable land of the dam to enhance the ecological service function of the arable land of the
dam, it can compensate for the regional ecological losses caused by the development of the gentle hills.

Key words Low hills and gentle slopes ; Urbanization ; Cultivated land protection ; Interest balance
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Table 3 Calculation results of comprehensive effects of cultivated land and forest land use in Dali City 1276
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Year Cultivated land Woodland Year Cultivated land Woodland Year Cultivated land Woodland
1998 492.18 919.92 2005 739.71 844.94 2012 1 504.80 1 263.46
1999 554.69 905.62 2006 817.11 908.17 2013 1 407.97 1341.23
2000 587.23 879.47 2007 923.54 957.01 2014 1922.27 1 414.94
2001 621.34 848.60 2008 994.58 973.99 2015 1 920.44 1 375.39
2002 668.63 873.37 2009 992.95 969.40 2016 2 091.32 1432.90
2003 586.22 911.06 2010 1111.93 1 071.36 2017 2 453.03 1 444.26
2004 727.20 920.00 2011 1283.81 1 169.83 2018 2 700.58 1516.89
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Table 4 Estimation of the value reduction of the comprehensive effect of land use

1998—2013 4F4%
B R

I
el

MR OMEERRE
2013—2018 4E4el  2013—2018 4F4% iiﬂgglﬁﬁﬁﬁgm

B HL T AR A

il@sz [Qué;ltlt.yd()f L'iln[d Per.centdée (?f net Net increase in Fstimation of transfer- Est}mdtlon ofhredl.l(,tl()n
pe Lr'j:ll:tlc;il(iior?l}mzlr m(:rffnsi.m construction land out construction land m fcforripref fltnsilve
1998 o 2013//hmz C(])ZZ;};L;:H expected//hm2 from 2013 to 2018//hm2 © ues(;;/(’}[,%;l
HhHb Cultivated land 1 499.68 53 — 955.86 54.84
it Woodland 385.72 14 — 245.85 3.97
&1 Total 1 885.40 67 1801.13 1201.71 58.81

W I A RIE I, 8 (B 2013—2018 AEAKIH R
YR 001 000 o Bt 4 O e O 5 0k S0 1) R A R 4

1 801.13 hm” # 5 JHI M1, 75 B2 vk 20 300 - 0 o #F ot B0 & Ay
955.86 hm” , 7 Byl /L bk b &5 oy 245.85 hm’ (6 4) . B,



70 B

2020 £

FR AR 98 /0 955.86 hun® , WUk 1 - b ) FH 2545 2000 Ui
/1> 54.84 7,50 s MRHBIR U2 245.85 hm® , MRHb Y+ HoF FHZE 4
SOV /> 3.967 4270, B & A 110k D 4 R 25 A 00

58.81 4470, 45 1) SRR R IR e 2235 L T 7 K He
B TRk 5 AT 507 U228 - 3 R 26 R0
W 44.56 1LIL(K 5) o

£S5 2HARFXERNERLL

Table 5 Comparison of the consumption value of the two development methods 126
) 223577 Hi Economic output L4 Social security H 25 MR 55 Ecological service ZEE%00 Combined effect
Type 1998— 2013— 1998— 2013— 1998— 2013— 1998— 2013—
2013 4 2018 4= 2013 4 2018 4 2013 4= 2018 4 2013 4= 2018 4F
s Cultivated land 23.29 -6.38 27.37 -7.50 4.17 -1.14 54.84 15.03
s Woodland 0.08 0.57 0.92 6.75 2.98 21.95 3.97 29.28
411 Total 23.37 -5.82 28.29 -0.75 7.15 20.81 58.81 14.25

3 git5iFie

(1) NRGEIe A FE T A 25 6 8800 A ds 2 55 7 4k
SArbE ASIRS = KIHE. AR LA A, + H A
CEA RN I ZE R SR B A K2 5 Bk R 2R S +
Hi R 28355 7 s Ak 2 DR R D 8, et A 25 IR 55 D e, 1 2
AT FEAR B A AT 2K, PRGBS T R = b 1] PR 25 3580 B
1, FEKHTT 2018 4ETKF 7 036 460.37 S0/ hm’ ; b 3= 2k
A T R A A IR 55 R A 22 5% 7 s AR S AR R T e,
2018 4E I LR A 40% 35 F] 1728015.47 Jt/hm*, Fifi 4
ST R SRR L MG IR T SRAF LG N, Bk b FUCHb g - b )
FER G RN FRAE DR Lk, 1998—2018 4, KIR T H b - Hb
FIH 25 A %0 R B A7 4 Hom B R A B ML 1998 4F Y
1 246 252.16 t/hm’ | F}k 2018 4E 1 7 036 460.37 J&/hm®,
BFET 565 % A R 25 G 80 S 1998 AR
492.18 1775 F+4 2018 4ERY 2 700.58 4270, T+ T 5.49 £,
()7, BT A, - 2 ) FH 25545 R0 B - b T AR (A
1998 4F f7 1 016 534. 82 Jo/hm’ | J} 3 2018 4F fi§
1728 015.47 Jt/hm’ , Tt 1.70 435 ; bt + Hb ) FH £ A 28500 5
ME Y 1998 4E [ 919.92 {275 I Ttk 2018 4E 1 1 516.89 {2
JG, BTF 1.65 % B BOREEY sk T e s 5 WU b
M2 (5 AT G 3 1L b P bR, 2R 3 B A 25545 300
TR ALESELA o A PR 2 A FH b 1 b b R FH 255 3%
o A TASUAE | V9 DA o A R 3 43 %o b % Y
B R 5 B =2 e Lt [X S Ay A )

(2)WFFe 2R A EL T &, 3T (4) i o5 R R b
TR UL TR 1L M DX S ke i3, e B A PR 830k L
FHARHE, 4 MR 255 2o B Rk 2 RAIR 2. ik 2013—
2018 AFE TR Fe 2838 Ly b it pe AR AL S 14 FH M AN A2
R R, AR TH SR B 7 P00 JBop b ) 1- H F J% =X, e 1)
ARATFEIN 1 801.13 hm® HEE M, 75 B0 A 31708 e B
Ky 955.86 hm” 5 Edi /D bR i 245.85 hm”, #i b
1) - Hu I B2 B v g2 54.84 4290, ML i) - Hu R FH 44
BN /D 3.967 {270, Wi AT L MR FHZE & 23800 58.81
{78 A SRR B A g2 35 LU b o & 7 =X b, 30
FHHh 5 I & D7 T 22 08020 4 MR 255 80 AN (B
T 44.56 1270, TR, AZED L X SslRR £ 22 4 g 2 B e
FAEE 38 Y 7 G g i 1L b i A7 BT K W AR IR A

b XoF L b X sl ok 15t e — i nl A b Ty 2 A
pLEE

(3) AT Bt a8 T R AN UARIAE N5 N Z (0], d Ak
BAE NS NS HBEZ 0], B R B se 75 R AR 216
DT TS BN SR S, W AATT 4 i SC AR AR 3 7K
P, D AR R GRS T RORWE I 3@ SR X =
R4 10 AR Fr G2 3 i T & 3t B DX 118 S S 7 2 ) A
AIHTINAEL, J2 BRAIG Fr 2838 1) b 15 T e R A 285 P e i LA R
Wk, FA AR S5 ThRE 24 BT R K, AR A 2B 3 1
MBI & . R E R KB, 1ER 280 @ i IT & 72
SR AR 24 1 TR RN AR B S T B, AT AR THIE 2%
ST & 30T XA A 25 P i 27 1 AR A A5 IR 55 T g L kb
AT A4 285 PR e T Rl /L 1 3R AR P 2 33 L b A 285 IR 55 Dy g ik
o LA, SRIRRA AR B G 3 a5 & 7 o, sk e 5
RSB E gL, a5 S I g @R T £ 0
H X B A= 25 F s i, ) DA — e BB L SR AMIR P S 4 1t e
BT e 1 AR P 2, it v DX SR A 4 b ) FH 255528000
K-

(4) ROZE BRI - A 25 6 Thhe, it & e
A LA A ZS A, 1m0 08 SR b 1) A 25 R 55 T g
ST Rt A b R FH 2R B R0 , 03 20Tk i 4 v A 1X
(A S IRBE ] A— e R LRk RGP 28 305 L s 15 F
5 DX bR e T R 1) A SR R

R AR AL BB A T TR o Bk bt s A 25 Ak
P, G AU T (480 BB TF & 7 AR i R b i 525
BEFIEA B 2011 4F78 42 R R A% Fe 22805 L0 b H 15 FH h T
VB, A RK A EE . T AU T R 4R R, FEAUAE 7
P SR vk AT B R TR B 2 1 A A A
TFFER I UEAAG PE A B B Tk o X SRR A e T 2 ah—

g AL paAEI

S E Xk

[1] PR TR A PR = 7 FOURANED) f9ad R ([ 7%
%:(2016)37 2.

[2] skt Zerhot, 282 HeF A A 2e 4 i1 | MBI £ H TR AR
5B RFRAT MBI ) ] HOEERF 5T, 2019,38(11) :2681-2694.
[3] e AR S AR IR 2 LI TP i il A B[ T .o
[E+Hb,2012(3) ;28-29.
[4] B, TR WA RN IOK L3 e H 55 [ T . R K s
Fl=£,2008,6(5) :95-99.
(F#% 116 ®)



116 B

2020 £

AR, HHED T ) SR S R AR A P A AR SR I
R, 2R S RS A AR (P>0.05) , H.
PRI a0 S et 4 M B2 55 R A YR A 4 B B 5
Mo XU R AR AR B9 2R T (AR
IHRHA —E 50 T1 . XS5 GRS I e 4
AL TSN TR Y 55— R K R R S
WAEE BRI HCR  BRRAAAEE BRI Kb
e itE—PHTTE IR R R kL. AR T e B
FOMRZEI VR R A 5 (EL XA A VR R 1 5 i 2 0l L
AR ZHFFEEE A BR G 1 AP  OR A L AT
PR DA 4 55 A5 A R RO A A A A S A IR, EL AR
AT IS 80 1 25 S B i) B 6 AR [, 3 5 AR 2 94
FEARARL o 77 2R B G B0 i DR R AR K A i o A A7
TEWC A C A B G > T VAL A4 i 5 28 58 5 3 b ok 3
A7, T AN TRV A BR300 3 A S8 3 B Ay T R i 280 10 22 55 11
EREH o ARSI TR R, RS, & R £
SRR A 3 (P<0.01) TEAHSE,, 175 0 A R 1
5 E UM (P<0.05, Pearson RECK H140) , ik iA%™)
PREN A RSP HHR R B W S IEATSG, SRR R
FHHCIER 8
4 it

AR 8 P A S AR A A B B e iy
2, HLrp g 2k N 5878 FEAN ], S R B n ™ Y 5 4% Ao
PRI E S K2 1 22 57 o B 2= TB) AR L 2 T /N Tk
7, BRI b (A1 8 B R/ IN R 245 AN ] W S AN H
SRR 8 B R INVHE P DA IR (I S S 5 Bk
eIy INEEE AT ARES S P NCTEZ S IS DRl b2 )
ANA] o oA AR 2 U A - Sl B R A A S
R EE 55 R0 52 .2 0 (P<0.05) MG, TR UL 5
W R (P<0.01) IR
S 3k

[ 1] AR AAFEKEETFIRPEL T ] AR 5T, 2003,16(2) :23-27.

(2] 2= 2R, PR, S R A RIS R K B AGA A SC AT [ ] .4
TRRRFAR ,2014,36(4) 1 23-29.

[3] 2k BRR 2 N PR AR IR B MEART AU T A 50

[T AEnTbRllIE54R,1998,20( 1) :1-6.

[4] =, SR, XU R R RAS NS B T e[ T ]
PEALIE 41,2001 ,21(4) :644-649.

[5] B8k, Lo —, EhuhE A B s (O [ ) ) Akl e,
2008,44( 1) .41-45.

[6] INETZ, Al X R, EOMEm T ime s [ 1] AR, 2002,
22(9) :1387-1391.

(7] gz, IR, TR, 3. T B S A R bR AR s A e
HORENEI T ROMRL S ] A4, 2008,28(3) :895-905.

(8] 2y 18, TRk, TR0, S5 R H 7K S RIS H b e Y
ST ] AR EAb Rl RS 72741, 2010,30( 1) :23-28.

(9] Fhie, AT, U, S LR E & R PR 55
RIS ] R IAERS4412,2010,21(11) :2742-2748.

[10] Lhjg—, FAEH ARt 2 A b e Hsg R - oe [ 1. Akt
Rl AR, 2002,24(3) :23-27.

[11] E¥kf, DfE—, 20, .00 AR TR s Mo i
R ARk, 2006,25(3) :231-237.

[12] SR AR PR e 2 A AR (R [ T ] ARl 2741,
2008,36(5) ; 15-18.

[13] GRANIER A,BREDA N.Modelling canopy conductance and stand tran-
spiration of an oak forest from sap flow measurements [ J].Annales des
sciences forestieres,1996,53(2/3) :537-546.

[14] ek, FaF, AR, B AR RO R ZE e 2 /o
oI ] Al TR 41,2001, 17(4) :34-38.

[15] XM, 2B, DA, et ALK 4 M S S FokE KRR IE
[ ] FAbRll 55417, 2010,38(7) :29-32.

[16] T4, 78, iAeas, . S u) | et FE Dot i B 28t e
FESRIR T[] A2, 2008,27(7) :1071-1076.

[ 17] e, BAE A AP , 5. R DCRAT R i 28 AURFIE S s i I
F ] AR ,2016,36(17) :5519-5527.

[18] OGUNTUNDE P G.Whole-plant water use and canopy conductance of
cassava under iimited available soil water and varying evaporative demand
[J].Plant and soil ,2005,278:371-383.

[19] SEfEEE BRI T R D 2 I N H S PR A5 A
RID ] RIS, 2015.

[20] MCDOWELL N G,WHITE S,POCKMAN W T.Transpiration and stomatal
conductance across a steep climate gradient in the southern Rocky
Mountains[ J ].Ecohydrology,2008,1(3) :193-204.

[21] P%Ess, Lo — T IR HA (Pinus tabulacformis ) TR S)
HISENm][ J ] A1, 2008, 28 (12) :6107-6112.

[22] FORD C R,GORANSON C E,MITCHELL R J et al.Diurnal and seasonal
variability in the radial distribution of sap flow:Predicting total stem flow
in Pinus taedatres[ J].Tree physiology,2004,24(9) :951-960.

[23] 48,801, 85552, 5. L) AR B T S0 A A RS A7 K U
RIS L) ] AR, 2008, 19(2) :225-230.

[24] M, TAL0E, BRSPS TR TR e A B SRR L ) ] ARl oo,
2010,46( 1) :40-47.

[25] i, B XUBHES, S T8 TR AR AR T RHIE M 52
AL ] AR 27412, 2015, 32( 2) :257-263.

(L% 70 W)

[5] SRUBHT, BRI, PRI, LT MO 3l R e S e s B Lt p e
R[] W TE 7R ,2013(10) :39-43.

(6] FRAR=F, fhg B, A BElSe iy (e i A R S B e s [ T .22 > 55
145,2019(9) :48-54.

(7] A5, G, PNER S T B T A T 2 S TR IR 5 [ ] bt
WY 571%,2016,35(6) :42-47.

[8] FEIFHH, Z2 L3 b ST B P B 5 A TR AR R e TR s
FISCIERFST [ ) S5 S, 2019(9) :44-56,78.
[9] bk, KT, TN B HHRIFRALS 2 WAL RIS Tt R
TR T ] HFEEAR 2019, 74( 12) :2547-2559.
[10] SHEE, AR EE T AR SN E B A+ A F ARV ERBSON i 5
[J].4=25R14,2019,38(5) . 58-67.
[11] 2/ NG, RS Al - MR FSS FEe S R SN 22 S A LFE
WFER[ )] AEASES,2018,34( 1) : 14-19.



