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Abstract ; Food is essential for human sustenance, and the ecological footprint of regional food consumption reflects the land
resources necessary to support the population. Analyzing the residents’ food consumption, structure, and associated resource
and environmental costs holds significance for enhancing food supply, reinforcing regional ecological preservation, and
revising food security strategies, particularly in ecologically fragile areas. This study utilized primary data from field research
conducted in 2018 on household food consumption in the rural areas along the Yarlung Zangbo River and its two tributaries
on the Qinghai-Tibetan Plateau. It examines the volume and composition of residents’ household food consumption and
computes their ecological footprints. The primary findings are: (1) The residents in the rural areas of the Yarlung Zangbo
River and its two tributaries have a per capita annual food consumption of 482.44 kg, with the regional total reaching 369,

000 tonnes. Plant-based food consumption constitutes 74.4% , nearly 2.91 times greater than that of animal-based food
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(25.6%) ; in the consumption composition, vegetables comprise the largest share (29.4%) , followed by barley (20.7% )
and milk (15.3%). Beef and mutton predominantly contribute to meat consumption, accounting for 88.4% of the total meat
consumption. (ii) The cumulative ecological footprint from food consumption reaches 414,100 hm®, which is 2.48 times the
arable land in three city areas (Lhasa, Shigatse, Shannan) within the Yarlung Zangbo River and its two tributaries region.
In which, 55.6% (230,200 hm®) constitutes the direct ecological footprint, predominantly from cropland (61.2% , 140,
900 hm*) , complemented by grassland (88,100 hm®) and woodland (1200 hm®). Meat consumption accounts for the most
substantial ecological footprint at 51.1%. 30.8% of the ecological footprint from food consumption originates from external
sources , with Gansu Province (9.2%) , Qinghai Province (8.0% ), and Xinjiang Uygur Autonomous Region (5.2%) being
the primary contributors. The study results hold practical importance in reconfiguring local agricultural practices, refining
the food supply-demand dynamic in Tibet, safeguarding the ecological environment of the Qinghai-Tibetan Plateau, and

shaping pertinent policies.
Key Words: food consumption; ecological footprint; rural households; quantitative accounting; the Qinghai-Tibetan Plateau
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Table 1 Conversion factors of agricultural products to grain consumption, grassland and energy intensity of various categories of food

RIS #5706

v , ARG TR
— B s e BT R g
Food category Agricultural of raw food to products to grain .Pr()p()rtlt')n Average conversion Energy intensity/
products agricultural consumption from grazing  factors of graisland/ (MJ/kg)
products/ (ke/kg)  (ke/ke) systems/% (kg/hm)
FHHE Barley HER 2.00 — — — 20
H T Self-produced flour /N 1.49 — — — 20
WL A% Purchased flour INEE 1.49 — — 20
FK Rice PR 1.48 — — 20
#2F Vegetables fired 1.50 — — 10
KR Fruits KR 1.20 — — 10
£ i Edible oil =g 3.33 — — 30
T Beer N 0.20 — — 25
4P Beef R A 2.11 3.60 14% 128.60 130
£ Lamb i =R ES 2.25 2.30 35% 69.40 80
¥ Pork R R 1.63 2.76 — 100
B Poultry A 1.49 2.18 — 80
H2 Fggs #ETR 1.18 2.00 — 25
W52 Milk JE 3% 1.05 0.30 26% 830.80 10
R2 BAAYICLA R E LB it 2R gERE E
Table 2 The supply areas and their proportions, land categories and energy density of various categories of food
P RN (BT IR ) K i) ‘ Ji M
Food category Main su‘pply prov}nces, municipalities and autonomous regions Type of land use
and their proportions
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K Fruits FEIR(5%) HH(15%) WU (15%) PR (15%) BEF(30%) (ILIZR(20%) At REVE i

X Eggs B (85%) HN (15%) B AE U b

W2 Milk FEH (100% ) Hidth B BRI

4P Beef VUG (75% ) JH (10%) \F5#(15%) M R | BRI

A Lamb PO (60%) HH (20%) T (20%) Hhdth B | BRI

K% Pork PR (10% ) JHriE(90%) b | BE R b

& A Poultry IR (30%) Hisi(70% ) Fi it REVE i

Kk Rice BIRT(72%) LT (8%) EB(5%) 195 (5%) AL (5% ) )11 (5%) b | BE R b

77 i #3 Self—produced flour VU (100% ) HEH | fE R FH H

WAL T Purchased flour FRU(20%) HH (80%) B | BE R b

T Barley FH i (100% ) HHb | BE R b

N Beer TL95(20% ) T FE (80% ) HFHb | fiE U5 FH Hh

i Edible oil PEIHE(80% ) PN (10%) \EJK(10%) Hrt | BE TR FH
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Fig.3 Annual household food consumption of various categories in rural areas in different regions
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Fig.7 Comparison of household food consumption and its ecological footprint between rural and urban residents

AR DR A JEBE BT, REUSCA UE T ( o [ e 4R 2 2019) [

T AR X8 RGEE £ T 2 S BRI O A TAZ AL A5t LU R 458

(1)2018 4R X JE R GEHE A Bl B ity 482.44 kg, Horbh AEMMEE WY 2o 5 1L 74.4% , 29 2 5tk
B (25.6% ) 1Y 2.91 £i5; BR3ETH B0 5 e Be i (29.4%) , IR EFHRR(20.7% ) 52 (15.3%) 5 N2 R LA 2E
R 3 (88.4%) , L i 2 A MR (5, 2 X 2AE I 9% Sl 36.90 7 t,

(2) A EYITH RN A LR 0.53 hm? A2 LB E 41.41 J7 hm® | J& < — VTR =117 B i 1
PR 2.48 7517 Hrh B AR 25 306 5 1L 55.6% (23.02 75 hm?) | W& 25 T 14345 25 )2 375 ( 18.39 J7 hm?) ; B4k
B AESEIT(24.06 71 hm®,58.1% ) ;2P 1.39 4% (17.35 77 hm*,41.9% ) ; A2 R0 5 L
e M (21.15 7 hm?,51.1%) VAR R £ (64.2%) .

(3) BYIH SRS R ,69.2% % B VIEA L, M8 TH LLH T (9.2%) (T (8.0% ) FIH# (5.2%) =
HEZ

52 JR#

VU b DA S e R R ) ol st LB 5T B T 0 90 DXl | RO €5 SCAR R 17 A PG R X

Jo R SR I A RS AT 6T S0 P 09 2l B LA 25 R 3 mT L DA 5 A DX S R 85 s 1) A A 5 0
BRI R, REATITEAE S LU

(1) FEIr A M K ol Aol PY s DX il B IR 0 7 20 o, R I R A P AR S HLAE B /Y

http ; //www.ecologica.cn



17 ERR SO — VI AR DX RO BE B YTH S A S IR 7487

8RS TSR A A A 2 R S 8L T R 24 (B R ) | 8 i TSR B MO RO ) £
S 7 Ol 5 T T AR B RS R, 0 T PG A B 38 LRI EL (R S 2 5 KR R fr
R R KR S A

(2) fE SN S Fe R A A5 P T P R B by, PO A X B B A AL A R (o
TR /N2 ) MR T LTSS (DA IR ) S OBy B | DB D 5 350 5 2 0 2 9 1
ALK S AR R b RO 30K £ R 38 0 A o AR KL 2 45
SRR 5 S RS O , B A5 I BB, AR B M R A ORI , 1 2 7 T 0
B o B T 90, 0 1 SRV

(3) DAL R HBIK T eI R 7 DTS A 5 T AR (0, X 5 7 ) S5 5 S 2 A
B0, BRI S A SR 3 S T T s, L R M X 44 R AL E W 0 2

S % 3k ( References) :

[ 1] Ivanovich C C, Sun T'Y, Gordon D R, Ocko I B. Future warming from global food consumption. Nature Climate Change, 2023, 13. 297-302.

[2] LiYX, Zhong HL, Shan Y L, Hang Y, Wang D, Zhou Y N, Hubacek K. Changes in global food consumption increase GHG emissions despite
efficiency gains along global supply chains. Nature Food, 2023, 4. 483-495.

[ 3] Ishangulyyev R, Kim S, Lee S H. Understanding food loss and waste-why are we losing and wasting food? Foods, 2019, 8(8) : 297.

[4] XueL, LiuX]J, LuSJ, Cheng GY, Hu Y C, Liu J] G, Dou Z X, Cheng S K, Liu G. China’s food loss and waste embodies increasing
environmental impacts. Nature Food, 2021, 2(7) . 519-528.

[ 5] Schneider K R, Fanzo J, Haddad L, Herrero M, Moncayo J R, Herforth A, Remans R, Guarin A, Resnick D, Covic N, Béné C, Cattaneo A,
Aburto N, Ambikapathi R, Aytekin D, Barquera S, Battersby J, Beal T, Molina P B, Cafiero C, Campeau C, Caron P, Conforti P, Damerau K,
Di Girolamo M, DeClerck F, Dewi D, Elouafi I, Fabi C, Foley P, Frazier T J, Gephart J, Golden C, Fischer C G, Hendriks S, Honorati M,
Huang J, Kennedy G, Laar A, Lal R, Lidder P, Loken B, Marshall Q, Masuda Y J, McLaren R, Miachon L, Muoz H, Nordhagen S, Qayyum
N, Saisana M, Suhardiman D, Sumaila U R, Cullen M T, Tubiello F N, Vivero-Pol J L., Webb P, Wiebe K. The state of food systems worldwide
in the countdown to 2030. Nature Food, 2023, 4(12): 1090-1110.

[ 6] Hayek M. An expansive framework to monitor food systems. Nature Food, 2023, 4. 1033-1034.

[ 7] Giller K E, Delaune T, Silva J V, Descheemaeker K, van de Ven G, Schut A G T, van Wijk M, Hammond J, Hochman Z, Taulya G, Chikowo
R, Narayanan S, Kishore A, Bresciani F, Teixeira H M, Andersson J A, van Ittersum M K. The future of farming: who will produce our food?
Food Security, 2021, 13(5) : 1073-1099.

[ 8] Beyene S D. The impact of food insecurity on health outcomes: empirical evidence from sub-Saharan African countries. BMC Public Health, 2023,
23(1): 338.

[ 9] Weinzettel J, Wood R. Global environmental footprint of food. Nature Food, 2023, 4. 543-544.

(101 XDMPEF, BiFk, s, Lr RBESRIT AN e R Y PR IE. AE352 4k, 2023, 43(15) : 6117-6130.

[11] Kant A K. Dietary patterns and health outcomes. Journal of the American Dietetic Association, 2004, 104(4) . 615-635.

[12] Kastner T, Rivas M J I, Koch W, Nonhebel S. Global changes in diets and the consequences for land requirements for food. Proceedings of the
National Academy of Sciences of the United States of America, 2012, 109(18) : 6868-6872.

[13] Miller V, Reedy J, Cudhea F, Zhang J Y, Shi P L, Erndt-Marino J, Coates J, Micha R, Webb P, Mozaffarian D, Database G D. Global,
regional , and national consumption of animal-source foods between 1990 and 2018 ; findings from the Global Dietary Database. The Lancet Planetary
Health, 2022, 6(3) : €243-€256.

[14] Mokek, Frdigk, SL5. LT ARl E TR A Y 2R, FARBRIRA, 2019, 34(2) : 338-347.

[15] W=, FEAk, SRELEk. AUy duam IR X R S RE (978 B R AE A A8 3T B T N 58l I S A A P BRER . Th e 58 9%, 2023, 29

(10) ; 45-51.
[16] ZEzz, £RB, XIBER, MIMEE T A BUERRBT ARG R JE RS Y S 451 SRHEDT I, B ARBHE AR, 2018, 33(6) .
978-991.

[17] Beardsworth A, Bryman A, Keil T, Goode J, Haslam C, Lancashire E. Women, men and food: the significance of gender for nutritional attitudes
and choices. British Food Journal, 2002, 104(7) . 470-491.
[18] Imamura F, Micha R, Khatibzadeh S, Fahimi S, Shi P L, Powles J, Mozaffarian D, Global Burden of Diseases Nutrition and Chronic Diseases

Expert Group. Dietary quality among men and women in 187 countries in 1990 and 2010: a systematic assessment. The Lancet Global Health,

http ; //www.ecologica.cn



7488 JAE = 44 %

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]

[33]

[34]

[35]

[36]

[37]
[38]

[39]

[40]

[41]

[42]

[43]
[44]

2015, 3(3): el32-el42.

Hanson K L, Connor L M. Food insecurity and dietary quality in US adults and children: a systematic review. The American Journal of Clinical
Nutrition, 2014, 100(2) : 684-692.

Tripicchio G L, Croce C M, Coffman D L, Pettinato C, Fisher J O. Age-related differences in eating location, food source location, and timing of
snack intake among U.S. children 1-19 years. The International Journal of Behavioral Nutrition and Physical Activity, 2023, 20(1) : 90.
Zrrn, ERB, MR SIERIER T RIS B SR B S R R ——DARrgE T . BEIRRLE, 2019, 41 (3) : 494-508.

Li Y Y, Filimonau V, Wang L. E, Cheng S K. Tourist food consumption and its arable land requirements in a popular tourist destination.
Resources, Conservation and Recycling, 2020, 153, 104587.

Souza R V, Sarmento R A, de Almeida J C, Canuto R. The effect of shift work on eating habits: a systematic review. Scandinavian Journal of
Work,, Environment & Health, 2019, 45(1) . 7-21.

Kearney J. Food consumption trends and drivers. Philosophical Transactions of the Royal Society B, 2010, 365 2793-2807.

Springmann M, Wiebe K, Mason-D'Croz D, Sulser T B, Rayner M, Scarborough P. Health and nutritional aspects of sustainable diet strategies and
their association with environmental impacts: a global modelling analysis with country-level detail. The Lancet Planetary Health, 2018, 2(10) .
ed51-e461.

Sun M X, Chen G W, Xu X B, Zhang L X, Hubacek K, Wang Y T. Reducing carbon footprint inequality of household consumption in rural areas:
analysis from five representative provinces in China. Environmental Science & Technology, 2021, 55(17); 11511-11520.

Wang L E, Xue L, Li Y Y, Liu X J, Cheng S K, Liu G. Horeca food waste and its ecological footprint in Lhasa, Tibet, China. Resources,
Conservation and Recycling, 2018, 136, 1-8.

FERE, TR, ARA, XIBEE, R, BTSRRI Ol B 9 B R IR IR R A E B ——LARIBR T . B AR BT
224R, 2016, 31(2): 215-227.

Mak A H N, Lumbers M, Eves A, Chang R C Y. Factors influencing tourist food consumption. International Journal of Hospitality Management,
2012, 31(3): 928-936.

Degarege G A, Lovelock B. Addressing zero-hunger through tourism? Food security outcomes from two tourism destinations in rural Ethiopia.
Tourism Management Perspectives, 2021, 39. 100842.

Chenarides L, Grebitus C, Lusk J L, Printezis I. Food consumption behavior during the COVID-19 pandemic. Agribusiness, 2021, 37(1) ; 44-81.
Janssen M, Chang B P I, Hristov H, Pravst I, Profeta A, Millard J. Changes in food consumption during the COVID- 19 pandemic: analysis of
consumer survey data from the first lockdown period in Denmark, Germany, and Slovenia. Frontiers in Nutrition, 2021, 8: 635859.

Wang X Z, Dou Z X, Feng S, Zhang Y, Ma L., Zou C Q, Bai Z H, Lakshmanan P, Shi X J, Liu DY, Zhang W, Deng Y, Zhang W S, Chen X
J, Zhang F' S, Chen X P. Global food nutrients analysis reveals alarming gaps and daunting challenges. Nature Food, 2023, 4. 1007-1017.
Aleksandrowicz L, Green R, Joy E J M, Smith P, Haines A. The impacts of dietary change on greenhouse gas emissions, land use, water use, and
health; a systematic review. PLoS One, 2016, 11(11): e0165797.

Nijdam D, Rood T, Westhoek H. The price of protein: review of land use and carbon footprints from life cycle assessments of animal food products
and their substitutes. Food Policy, 2012, 37(6) : 760-770.

Tilman D, Balzer C, Hill J, Befort B L. Global food demand and the sustainable intensification of agriculture. Proceedings of the National Academy
of Sciences of the United States of America, 2011, 108(50) : 20260-20264.

Tilman D, Clark M. Global diets link environmental sustainability and human health. Nature, 2014, 515, 518-522.

Perignon M, Vieux F, Soler L G, Masset G, Darmon N. Improving diet sustainability through evolution of food choices: review of epidemiological
studies on the environmental impact of diets. Nutrition Reviews, 2017, 75(1) ; 2-17.

Hallstrom E, Carlsson-Kanyama A, Borjesson P. Environmental impact of dietary change: a systematic review. Journal of Cleaner Production,
2015, 91; 1-11.

Whitmee S, Haines A, Beyrer C, Boltz F', Capon A G, de Souza Dias B F, Ezeh A, Frumkin H, Gong P, Head P, Horton R, Mace G M, Marten
R, Myers S S, Nishtar S, Osofsky S A, Pattanayak S K, Pongsiri M J, Romanelli C, Soucat A, Vega J, Yach D. Safeguarding human health in
the Anthropocene epoch: report of The Rockefeller Foundation-Lancet Commission on planetary health. Lancet, 2015, 386(10007) : 1973-2028.
Roos E, Bajzelj B, Smith P, Patel M, Little D, Garnett T. Greedy or needy? Land use and climate impacts of food in 2050 under different livestock
futures. Global Environmental Change, 2017, 47 1-12.

Westhoek H, Lesschen J P, Rood T, Wagner S, De Marco A, Murphy-Bokern D, Leip A, van Grinsven H, Sutton M A, Oenema O. Food
choices, health and environment: effects of cutting Europe’s meat and dairy intake. Global Environmental Change, 2014, 26: 196-205.
INISEL, PR, WRREMR, TKRERE. RO R E AR ST R R A SR . IR, 2012, 67(1) : 3-12.

KA, AL, Ak, AR, PR, 2000—2020 4R R R A BRI AR AL, AR AR, 2023, 42(6) ¢ 1464-1473.

http ; //www.ecologica.cn



17 ERR SO — VI AR DX RO BE B YTH S A S IR 7489

[45]
[46]

[47]

[48]
[49]
[50]
[51]
[52]

[53]

[54]

[55]
[56]

[57]
[58]
[59]
[60]
[61]
[62]
[63]

[64]
[65]
[66]
[67]
[68]
[69]
[70]
[71]

[72]
[73]

Bl tREE, PNBE—. TTHCE SRR 2L P T SR S KR SR AR AL, FARTRIR AT, 2019, 34(4) : 673-688.

TR, Frak, e, BHE, RIEM, EER, AT HEE S TIET R X E R YT A S R, AR, 2021, 76
(9) : 2104-2117.

RIEE, KIRE, Pimd, B2, mk, R — R XN 05 S M SR 5 R AT, HUER(E B R IR, 2017, 19(2) .
225-237.

H 5B LR e E A O EES S/ NI AR, PEAASES LR, Jbat. hEgH T, 2021,

PrgEi g/, BRGIRAPEEABN. Bl gei4r%. duan. BRLIHR, 2021

ERG Rt Sa s, hEBGHHEE. et ESH M, 2021,

XUBE, ZERER, BhRENE. PO A A X R R AR A SR XK. LA AR, 2004, 22(3) : 286-291.

R, PRHGE, SO, PRI, SRIEVN, AAURE, AN, RS, M, DA VURUAR E BT 2 A SR E B SRR A AT BT
R, 2017, 39(1) : 168-174.

HE g5, 2018 4 H g 1 [ R AT Mt & & RS A ). (2020-11-14) [2024-4-3]. http://1jj.rikaze. gov. cn/news-detail. thtml ?
cid=42239

ISR, ILEETH 2018 4E [ R AT I & RS AR, (2019-9-2) [2024-4-3]. http://1jj.shannan. gov.cn/tjxx_3248/tjgh/201909/
120190902_43257.html

Rees W E. Revisiting carrying capacity : area-based indicators of sustainability. Population and Environment, 1996, 17(3) . 195-215.
F R, ARBELE, SO, VI, SRZEVH, ARURE, IME, RBE, M, EAN. AR R 2R A5 A R R R 15
VLT R, AR, 2017, 32(1) ; 12-25.

PRA4, AR, S 30 AR EA R FE RE W 2 i A S BB, PR RLE, 2010, 43(8) ¢ 1738-1747.

XNHER, 2R3 ST A = 00 b LA A S I S A DR I AR S SRR IR AR, 2010, 26(5) ¢ 401-406.
OB, R, BRSOV, o E A A T AR S R AE. A SR BT AE AR, 2014, 29(8) : 1336-1344.

XBETE, ¥R, T EAE SRR R BN 2 HASRME. AARBER AR, 2021, 36(6) : 1494-1504.

WA, SR, ERE, BB, HERRETE SRR SR, LR, 2021, 17(7) : 104-114.

SR, A s, PEMO I B, 2005.

University of Michigan. GC1-Science of Sustainability. 2016-10-07 [ 2023-11-14]. https://globalchange.umich.edu/ globalchange1/current/labs/

Dy}

Lab8_EcologicalFootprint/
TRE, REE, REH, TRz, B, A5, IR UK R R FEE S Y TS SRR ST, b E O PR S X R, 2020,
41(7) : 1-13.

French S A, Wall M, Mitchell N R. Household income differences in food sources and food items purchased. International Journal Of Behavioral
Nutrition And Physical Activity, 2010, 7(77) : 1-8.

Li Y Y, Filimonau V, Wang L E, Cheng, S K. Inter- and intra-annual changes in food consumption among rural households in East China. Journal
of Rural Studies, 2022, 95; 109-124.

ERg R, mESGTHEL. deat, EG R, 2021

TLTAE, JRA VK, A%, VRO DAk SO A A 4 HT. s BRA B 45 301k, 2023(1) ; 9-16.

ERgHR. ESGTHEL. dea, EGH L, 2019.

EE SRS, P E R RO AR R 5 (2022) . (2022-04-28) [ 2023-10-23 . http://dg. cnsoc. org/ article/04/RMAbPdrjQ6CGWTwmo62h
Qg.himl

Thiele S, Mensink G B M, Beitz R. Determinants of diet quality. Public Health Nutrition, 2004, 7(1) ; 29-37.

E RS R. PO, deat, EGT kL, 2019.

AR, B VRO L T K e r O S ) AR R S ERMEBE BT, 2015, 30(3) ¢ 313-321.

http ; //www.ecologica.cn



