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Abstract: The ecosystem can regulate regional temperature and humidity through evapotranspiration. The climate in the
hilly and gully area of the Loess Plateau in the Three North Shelter Forest System Project ( TNSFSP) region is arid and
semi-arid, and the cooling and humidifying function of the forest ecosystem is crucial for improving the living environment in
this region. Based on the analysis of forest cover changes in this area, in this study, we simulated using the Penman-
Monteith formula and investigated the contribution of evapotranspiration by ecosystems to regional climate regulation. The
results show that: (1) The forest area in the study region (mainly grassland, cropland, and desert) increased by 2.25%
from 1980 to 2015. (2) The total amount of forest actual evapotranspiration ( AET) in the study area from 1980 to 2015 was
between 1.19 X 10" t/a and 1.40 x 10" t/a, and average AET ranged from 219 mm to 257 mm. Absolute humidity from
June to September in 1980 to 2015 increased by 0.47-0.55 g¢/m’ per day, and the relative humidity will increase by 2.
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87%—3.32% per day. (3) Heat absorption of the forest through evapotranspiration was estimated as 29.15 x 10" to 34.26
x 10" kJ/a, evapotranspiration per hectare was 53.72 x 10°-63.13 x 10° k] hm™ a™"), and the daily cooling rate by
evapotranspiration was 0.92-1.08 °C d™'. (4) The amount of forest evapotranspiration increased gradually from 1980 to
2010, but it decreased significantly in 2015, which was mainly caused by the decrease in precipitation. Spatially, forests in
Shanxi and Shaanxi provinces, with a larger forest area, had better evapotranspiration and humidification effects.
Comparison of the different land cover in 1980 to 2015 showed that the actual evapotranspiration of the forest was still
significantly higher than other land cover types. In future, the forest area will be appropriately increased within the carrying

capacity of water resources, and the role of forest will be even more crucial in regional climate regulation.
p y s

Key Words: cooling and humidifying effect; climate regulation; afforestation; ecological construction; evapotranspiration

ARSI D BE A8 B 28 R GEAE A KA R vl | 30 2o A7 0 28 0 A = 98 2% 2% A Wi Bl s SO i
Wz SRR, NS B P TR IR . Li A5 0] FH 3 SRR 140 BEARPR 15 11 300 F ) b 2 B, 38y AR bR 4
ARHRELAT 25 R AR TR AR Zeth B — e BRI AE T 1 A4 22 EA B IRAE ), O L& R4 T s 4 T A%
IO B A7 ZE OV FH RN M 36 S IR SR AN R IR Bl Zeng 251 L TAHRA £ 3 — KA AR RL S 1 RS %
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spp-) Ml #2 ( Robinia pseudoacacia Linn.) | 1L 7R #k ( Quercus wutaishansea Mary) . HE# ( Betula spp.) . Vb ik
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70 FERR LK B ZTITRE T =AeBi bRt 15 /D i a2 RV K S AR5 TR 2 E R R 7 iR B
(B s T R I AR ) GRABRE bR (F0) SRS TR MR TR . TR
XA 22 PR O R MR 1 4 A 28 TR S0, i LATE S () B dEAT X0 R AR R 9 DA =0 TR B i I e e
AN T A BRI BIFTE RS, PPN H 8 o R X e R 1

E1 PARXHMEME(a) S8 (b) MARWEH () D
Fig.1 Location(a), DEM(b) and vegetation(c) of the study area

1.2 HdikiE

AWFSE FRAd 1980 ,2000,2010 F1 2015 4F 1 kmx 1 km + 78 8 B0 Sk [ FERL7 B 8 85 807 MR BT
GE AT, B MR R AE 90% L) 1. 1980.,2000.2010 F12015 4E6 A 1 H—9 H 30 Hi& H &R IR H IEXGHE
S GRSk e S R H SR AR (V3.0) (hitp://data.cma.en/ ), F4E XU | H B4 SR S
T KV AR EE KA R G B E 46 rh [E R4 Jm ™ o it W45, RS B2 N S 328 3 99% L |
1E excel THEEL 6—9 H & HEHEFH Penman-Monteith 233 ME , 78 AreGIS #4413 i B Krig i {4k
PR AR ZE AR 2R K S RS 5 (1 km) . DEM 08857 HE% 8 90 m, R T & E Ay k5 i K &
ML) A I M2 SRTM ( Shuttle Radar Topography Mission , SRTM ) £ , 28 f v [ B} 27 B 9% U5 30 15 Bl 22 B P
Fub R #k
1.3 Wik

ARHIFZ HP (0 AR TR 0 T8 A 55 48— b TR 4 i R e e T AR IX AR A K E 2 (6—9 H ) AR 2 A B 7%
VRS H 38 K S 2 SR TR 7 2R i i v W S ) 30 4 T AR AU XIS B, S AN SAE S & T T sl

http ; //www.ecologica.cn



4 JAE = 39 %

PERT R EFIE A EE . ARSI AN RS AR MO Bl 0T M 3 e R R s S 85 X el B AR Ah AR 98 BRI 9% IX S
—ANFERT P B 23 18], HKOSEVE B = A0 TR 8+ S 5 e bR i AR X sl r 8 45 A T, T LS IR A 2 S
TEIZ25 [ [ N e 5 AR TR A T AN S AR A A A5t . ARARZEEVE I & A6 05 K 5 S 1% 25 (RIS Bl 44 5 A
AR A B, Itz R B SR R
131 Hig

PRI R AR A S R GRS H IR AR &, Wt B AR R, AW R (RS
LI ARG R Y Y A O I PR R

P(1 + w x ET,/P)
“~ (1 +wx ET,/P + P/ ET,) (D

K, Q, WEPRZEHE (mm) ; P 2 AERE KR (mm) s ET, 8 24 F W FEZE R (mm) ;0 8 3
(MY ) e 24, HBUES % (CES R AL e EARTERE) (£ 1),

F1 ITHBHIMER o SEIE

Table 1 Reference value of land cover impact coefficient w

A B b HEM FHh NI Fofl

Land cover types Cropland Forest Shrub Grassland Artifical land Others
75 B I R

AR B A 0.5 1.5 1 0.5 0.1 0.1

Land cover impact coefficient( ®)
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K, T, T, 50 0 B v A | 5 (I AT T I A 68 % I B (K)o

G = 0' 14( Tmnmhn - Tmonthn—l) = O (6)
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Table 2 Average temperature in June to September of the study area

45 IX. Province 1980 2000 2010 2015
o 17.37 18.38 18.79 18.13
NN 18.11 19.80 20.56 18.88
THE 18.20 18.98 19.15 18.55
Hifg 14.47 14.73 15.73 14.60
1L7g 19.79 21.09 21.79 20.82
(54 20.14 21.15 21.89 21.32
£IX 18.34 19.36 20.00 19.18
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3 HBREHS

3.1 R I AR A Ak
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FRA HoAth A 78 4 2 () B 44 A A 25 . 1980—2015 4F + b T B e A i AR v, 1980 AR AR MR 74.85% PR F5 A
A5 T3 AN 25.15% (M RG22 oAt A= b BT R SR Hrh B R S REHL A B 22, o5 1980 AR ARARTEI AR 17.02% , Ak
RARH i 7.15% ; D\ 2015 SEFRMRTE ,73.21% W ARAROREEARAZE | 536 26.79% 1 RRAK R JH A - 7 B 7 722 i
o, Horpok | B B 2 | & 2015 AFRRARETARAY 16.77% , HUOE R, 5 9.44% (£ 3)

LA 1980 4% H AR W 5 2015 AR5 AR ARMAE DL AT LA B8 2 A R A T D R T T AR,
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Table 3 Land cover transfer matrix of the study area from 1980 to 2015

A PUN Hih A R T B[R #it
Land cover types Forest Grassland Cropland Settlement Wetland Desert Sum

R Forest 39826 9055 3803 331 152 38 53205
b Grassland 9123 92328 25321 1150 480 695 129097
A< Cropland 5135 28439 72385 4578 750 147 111434
7 Settlement 108 594 2313 3073 49 5 6142
1 ith Wetland 98 379 772 111 1707 23 3090
it ik Desert 111 683 120 21 19 2223 3177
411 Sum 54401 131478 104714 9264 3157 3131 306145

3.2 WS X AR PRZE U

1980 4Lk, FEREWIAE K2 (6—9 ) WFSY X AR SZPRZ8 U N 1.19%10"°—1.40x 10" t/a , 34 5LPR7%
B R 219—257 mm (& 3) , SRIBCZEEDFIH SWIM AR RS DL 0] 0 38 3 R bR 4 4F S PR 78 WUy 425—
545 mm, Gao 25" FET Budyko fBIRHIL T 1990—2014 4F # + i JH A 4E SEPRZE B 352—396 mm, B B
TS g ORI 2 B T T SR B YA AR IX A 1L Ll BRI 6—9 H 2R 272—300 mm
H TAF AT 6—9 H AR R AR5 25 AR T IR M2 S5 A Gao SFTHA M 24 SCPRZ8 IR, (H 5 PR
T E 6—9 H 45 EA W] ek,
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B2 1980—2015 EFARRHRMBEE=E 27
Fig.2 Distribution of forest tranfer in the study area from 1980 to 2015
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(E3), BlibA S RGO SERR BB T Z g 2R R A1, 38 52 K PHAR ST R K % & i, SEPR
ZE AR G R K IE A G I 55 BB EHRORTE B 57 M 56 27 ARBFSE  1980—2015 4F 6—9 H W 7E 25 L
AR RE R 6—9 H M E7E 2010—2015 4F IR MREE R R, BEAIR T 22%, HIL, W e S5
2015 4F 6—9 H FRMELBR 2B AR T HAAE O A9 FZHE Y | [, 80 e — AR AN ) s PR
B TR A AR 4 S bR 2 i 5 i T Hf R b B R (R 4) , DR, a5 45 2620 26 T AR B T AR AR
T FURE A BT T IX S 2 i

o LpRAAHMERE o PR £ = Bk - ET =kl = Jif
o PIMEANIR o KW E 3001
200 - - 600 o]
g 270 +
160 - o 1480 @g gg g
3 & 3 = 2400
;‘%9120- _A/\A - 360 4% & m’ﬁ
X o——o—/\ I 5 %}3 & 210
EBE 80 = —F 1 & n e =lr
‘é&( E - I 20 % g %‘ g <,/e\e\o
or -1205§_§ H_<180_ E/a_——s\ﬂ
: (9]
0 0 & 150 ‘ ‘ ‘ ‘
1980 2000 2010 2015 § 1980 2000 2010 2015
A4 Year < 4E45 Year
B3 1980—2015 & 6—9 AGZHEH S B4 1980—2015 F 6—9 ARE L BH FHERE
Fig.3 Forest evapotranspiration in June to September from Fig.4 Average AET in in June to September of different cover
1980—2015 types from 1980 to 2015

AET: Actual evapotranspiration; PET; potential evapotranspiration

XPANTRAE DX TR AR AR 2 A ZER PY AL PG, 6 T 31X A8 R AR AR 6—9 F SEBRZE B 805
RAEHITEIX 64% 7247, FHAEXZIE 6—9 ABMP-E LRz 22 Ak, Wit &, AT
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B G PR A LU P R S H R AR b X BRAK 6—9 H S SEPRZE B AR B, WA TR L P LA N 52
T X ZRARAR ST BEAK . DA 1980—2000 4F- | FRAR SR 28 FCe A X BEAR A XS AE W8 /D | {H 2000—2010 4FE34 i, 1fij
2010—2015 4F KM B2yl /b | B ) 257 T Bl 7 P S A L 7 g 3 s X B RS2 B 2 i T R P S (1K1 4)

5 1980—2015 FHER RN ELREHEZESH
Fig.5 Distribution of forest AET in the study area from 1980 to 2015
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1980—2015 AFAF5T X ARARIE 3 28 #5/E FH AT DLl X3 6—9 ) 4 X i B 4 H 3% in 0.47—0.55 ¢/m’, Horh
2000 /> 1 2010 4EBG N 2 AT RE A H B4 i 2.87%—3.32%, 2015 4F34 /b, i 1980 434 i
2, WANEAE XS, AR IR 22 10 L G R B 7 40 ok 42 385 A Y R 3 i e s, R A D T
FAXTEAR . AT UL, A B TR XR IR IR VR 25 ) 30 4o 3 SR A AR e B M T 3 X R ) 25 R
MR AT 36% VAT, T A A 1% 78 56 b 5 19 25 ST BE 390 45% DA b R 4 7 o M 7 110 2 400 3 L0 A b T s
9% VI L, P UL AR FHG i as SRR 2 W A VE T, B SCRRAE 0 3 A B AL A B, /)N % 2 0 ] LT A7
TRASHAR X o TS i, A I 35 45 7 S B AN WA 52 1 7 M DI A T4 I RObK P9 K 95 R T Ak
AN, BRI RN, RARSE KB, B 2 T Ak b L SR AR X S 6.2%—9.0% , Z& T
0 AR AL BT BUBKIE 5 bR el Wi 2 B, 5 F I b A L, 2SR 9 T o B 2 P R R AR s KT 0.43—7.
53%C , B ANAE SR 19%—22% ; MWL il FE T 1.0—5.0°C , WIS E 4% —15% ., 5T AHPFEAH I, AT
SEIREA R, o] UL, AR B 7E AR A K 2 A R L A RRIRAEH
3.4 WG IX ZRAMRBERACR

1980—2015 4F  WF 5% X FRMAERL B A K 22 (6—9 A ) il i 28 BUAE W et i 29.15%10°—34.26x 10"
kJ/a, BT T AR ZE HO R Ry 53.72x10°—63.13x10° kJ hm ™ a™' | 3l 1 Z8 B0 B H R 4 0.92—1.08°C/
d, H R ZE O A | B TR ZE W R A H R SR (IR 2 2015 4F, e IS 2010 4 (3R 5) .
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Table 4 Humidification effect of evapotranspiration of forest in the study area

o YA SRR I (g m™ d7h) ARSI RE R I (% d7')
HIX Increase of absolute humidity Increase relative humidity
Province

1980 2000 2010 2015 1980 2000 2010 2015
Hl 0.32 0.31 0.32 0.28 2.18 1.96 2.01 1.83
SE=nn 0.26 0.27 0.32 0.29 1.69 1.59 1.79 1.82
TH 0.2 0.21 0.22 0.18 1.31 1.28 1.33 1.11
Hig 0.46 0.53 0.52 0.51 3.7 4.2 3.88 4.06
174 0.79 0.81 0.83 0.71 4.63 4.42 4.33 3.96
B P 0.69 0.65 0.74 0.58 3.96 3.55 3.87 3.13
4 X Total 0.52 0.52 0.55 0.47 3.32 3.13 3.21 2.87

ANIFAE DX AP 6—9 ) BAAS THTFH 2 5 A A o 0 2% s O A o DL e VP 0 L PR G s i, 7 R R T AT
Ly P8 M 2o 2% IO AR R AR R 4, 1980—2015 4F 1] fiff 6—9 H & H B LA 1.39—1.61°C/d, BEPT nl BRI 1.
13—1.45°C/d, T ERERACRAIR 522 (2 5) . Huang 20" F F 8 BOAR A SR A BFST 1 55 [ DR Al BE R
()T DX ) AT s 7 5 2R R R Z (B DG R, A5 R e R S AE 9 7 55 R DN 64.26% T~ B 2] 16.609% I b 2% 1 B A
27.34°CHEINE] 39.76°C , 2 T LITAF] 12.42°C , BTEAMPLTER" ) 38 ad 38 B b 1 A5 A 5 A s AR R
TR IR | 445 T (7S X A 10 - 447 A TR B T 3k 1.023°C AR IH I 27 sl ok B AU I 5 1 - R T4 i Ak
Kb DX ARV VR AR & BRI IR 22 A I E AR T AR A0 0.5°C . Ahlswede F1 Thomas'** 8 1o # R R0 &
B, 7 5 R AR08 140 i - DX 7% Il I o AR s R T 4 1 1) AT, DA A 8 2 7 A A 1 114 e 3308 P R o
A UL A G 45 SR 5 AT o 8 SR EL A T e, 0 R Bl A K AR bk EL AT B S AR

£5 MRRAEERFREBRABERLR

Table 5 Evaportranspiration heat absorption by forest and their effects by different provinces

ARRZE B A FRPRIE WA PR AR
%l'xi Evaportranspiration heat absorption /(10'°k]) Cooling effect of forest evaportranspiration /( C/d)

Province 1980 2000 2010 2015 1980 2000 2010 2015

A 6.42 6.13 6.47 5.65 0.62 0.6 0.63 0.55

N 1.07 1.11 1.31 1.21 0.51 0.53 0.62 0.57

TH 0.43 0.44 0.46 0.37 0.39 0.41 0.42 0.34

i 3.18 3.67 3.61 3.52 0.89 1.03 1.01 0.99

L7 9.86 10.16 10.36 8.96 1.53 1.58 1.61 1.39

(S 11.15 10.6 12.06 9.44 1.34 1.27 1.45 1.13
41X Total 32.1 32.12 34.26 29.15 1.01 1.01 1.08 0.92
4 Hw5iTie

ARG A B 75 2R AR R AT DA AT IR SR 5 A AR B s I e PR VA AR XA T

TR H I 2 R A B g S DX BRI TR 1 W D e AT R Y XA, R b R T A AR AR, A
HFFETE /AT 1980—2015 AFEA 5% IX AR 1 28 fb 26l - FIIFH Penman—Monteith 28 XTI T ARARZE HU/E
FHAE I AE  Th AVEF . BIF9E 45 B s (1) 1980—2015 4EWF 5T IX AR AR AU N T 2.25% , E5 ok A 7%
Bt AFHEFIHREE 5 (2) 1980—2015 4EAF 58 X AR ZE LA RN 1.19%10°—1.40% 10" vVa, HLA57 [ B ZE U h
219—257 mm, A {fi [X I8 6—9 H 46 %515 B A5 H WG h 0.47—0.55 o/m’ , MIXFIEBE A H 6 hN 2.87%—3.32% , i T
LLI PG I P ARG VRSO AT 5 (3) ARARIE R ZE B/ AR R 29.15%10°—34.26x10" k] /a, BRI FRZE K
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10 JAE = 39 %

WAL R 53.72x10°—63.13x10° kJ hm™ a™" | 38 i3 78 WU A H BRI LS 0.92—1.08 °C/d, Ll PG RIS 74 AR bR
TSR BT 5 (4) WFSE X FRMRZEHCRAE 1980—2010 4FZ Wi i, {H7E 2015 4F0H BT [, 31X 32 202 fh Bk s 2>
S, I X AR ) A (AN [ i 7 g B, AR AR SR 28 T 0 T At M B 28R SRR A K R TR K
ZRAE 7 Y0 P S N ARAK TR K B TR X R SRR, R AR T Tl A A R T

ARHIFFE 3B = A TR o A e g 7 AR X AR 3 2% WOV FH WA A ) PR B 5 A I 18 K Sk R &
2, TR X8R, SERR L, FRMT IX SR A A 5 M 38 A2 AR 0 %o b 36 i BRSO AR g B i, — BEARF 92U
FRAHE 2 828 1K 5 52 8 77 185 % A S 26 e O i, AT 5 880 DXt 88 T o, e ) o 26 5 e X, R AR LA B
WHORAER . A, FRATHG B — 20 PR B AL RARZE B FH BT 1 3% o HR A b AR S [ VR R DX A6 1 o 7
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