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. Research Questions [[[AIVERIE

How much unsustainable water is used
e E OV y 1. Water Balance Model a. Annual irrigation water demand (mm) for an average | d- Annual reduction in irrigated crop yields due to loss of unsustainable water in a dry
for irrigation in China (c.2000)? N Water alnce e Srcur Sl Grid ol © A “bucket” model that keeps a Cimate year. (mm 9 | year (1986). Unit: fraction
water budget for each grid cell

Iigation Return * The average loss for China
in a dry year is 15% of total

crop yields (~75 MMT C).
* The average loss for China

How will crop yields change when the
unsustainable water runs out?

Precipitation
Evapotranspiration

* Cropland water budgets are
kept at sub-grid cell resolution
. Sireee

I I Bac k ro u n d Runoff Water is applied when the depth of the water table in g
- Root :

the soil reaches a crop-dependent threshold

¥: - ‘ 'ﬁ in a wet year (not pictured)
® Chinese agriculture depends greatly on irrigation C, =C*R*(E,=W,) TV 1'3 ’ is 10% of total crop yields
water. ~40% of China’s cropland is irrigated. C,is the crop-dependent threshold i Chindfie u* (~50 MMT C).
. L, Ground C, is a unitless scalar
® It has been estimated that ~15% of China’s water Fraction o There is a strong regional

(Basefiow) Ry is the rooting depth

[~

— 79 difference between crop
[l 02-03 yield losses southern China

£t | (0-20%) and in the north

irrigation water comes from unsustainable sources’

Irrigation: 31 crops/land cover  Water Transport, Fqp is the soil's field capacity

[
(sub-grid fractions) Model (WTM) Irrigation W, is the wilting point

total:

® Regions that rely on unsustainable irrigation
water could face water shortages in the future, and

(Fossil ground water)

340 km3

may already be experiencing water stress today'. | |2, Denitrification-Decomposition (DNDC) Agro-ecosystem model? : y — 2 L / [Josoe | and north-eastern regions
® Identifying crops, regions, and total crop yields INPUTS * A biogeochemistry model of crop mmfyr Log Scale e ¢ %:::; (40 - 100%).
that will be impacted by the eventual loss of P— DNDC OUTPUTS growth based on nutrient cycling. 015 o505
unsustainable water can help plan for future water - Temporature PROCESS oG mtostons: b. Unsustainable water as a fraction of total - IR
management. | Precipitation SIMULATION ;alrr:rlr:‘:teesrscrfgf g:t“iazg;m;z:\u a irrigation water demand in a dry year (1986).
soil water : . o ’
Soil propertie rovement. sy and multi-cropping rotations. e. Annual reduction in rice (top), wheat (bottom left) and maize (bottom right) crop yields due
"I. M eth od S p}nn—m;anr on + Estimates crop yields (kg C/ha) o to loss of unsustainable water in a dry year (1986). Unit: metric tons
ynamics F :
1) Use 2 models: DNDC? for irrigated and rainfed - crop rotation for irrigated and rainfed crops based i i
)cro ields per area, WBM forg sustainable water e on soil conditions, management, and Rice loss . nge, wheat, and maize are the thr_ee
ava?la%aility ;nd crop water requil:'ements Input S climate. dominart crops grown In China. Thel
20 years of climate variability. S Model Validation: Chaoyang County, Liaoning | e Validated against statistical data :f:ttgcrtz:sslin :;l:clgncitlle ;i(;f ::sesn ::f unsustainable
T ) PP ———— at the county-level (China). - 95 fy1 “ MMT- ot
= * Rice loses 5 out of per year, ~3% o
a) Only use sustainable water for irrigation % its annual production
>
b) Allow unsustainable water for irrigation £ 1996 1998 2000 2002 2004 2006 2008 average: 5 * Wheat loses 18 out of 116 MMT per year,
3) Scale the MIRCA2000 dataset of irrigated and © e 0.24 S B”:’%ﬁ’t’"‘; v ee s ~15% of its annual production
rainfed cropland areas to reduce irrigation — I CERE I i « Maize loses 166 out of 212 MMT per vear,
demand to sustainable water supply. Algorithm: | | Mode/ Inputs: Fracin 5 MMT 22% of its annual :roduction per year,
I = MIRCA2000 irrigated areas Model input type Water Balance Model (WBM) DNDC c. Annual irrigation water withdrawals from Wheat loss Maize loss
R = MREAR infed . n n streams & reservoirs, rechargeable groundwater, R,
= MIRCAZ2000 rainfed areas Climate MERRA MERRA and unsustainable sources. Annual precipitation
W, = sustainable water as a fraction of irrigation Crop distribution MIRCA2000° CAAS is shown across the top.
demand —_— o op oot conir smaed PN s
|, = rescaled irrigated areas = W, * | ~ —~ —~T_ e
Cropping Intensity AQUASTAT (2008)%, MIRCA2000° China statistical yearbook* oo
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R, = rescaled rainfed areas = R + (1 - W,) * |

) 17 individual crops & 28 multi-cropping .
. Crop categories 26 crops (31 including subcrops)
3) Calculate total crop yield for MIRCA2000 areas systems
(I, R) and for rescaled areas (I, R;). The Sail properties UNESCO/FAO soil map of the worlds Third National Soil Survey - total:
difference is the crop yield reduction. B 18 MMT

China counties (~30 arc min polygons) .

total:
166 MMT]

DNDC Model [MRCAZo0 dntaset | [ WBM Mode | Spatial Resolution 30 arc minute grids
— Resampled to 30 min grids
—— Daily Daily . . m . N N
& 2 ninfedarea (R)inba | | water demand | | water (W, Te 1 Resol
ms‘m e Ee i e i R Lol o v—e———p—r— po———— Sustamable crop yleld from areas equipped for irrigation is 10% (wet year
e MmN T —— 0, i :
RS || e it ||| SIS L om0, et 81, Srma A, Vorosmry G 2010, ar ran et Th senc of v s to 15% (dry year) lower than fully irrigated crop yield.
;1—’ N 2 ;“Eg{g?g!;?l?’m St rdology 026275 e by rainfall events, | Model structure and sensitivity. J. Geaphys. Impact on food: a quick calculation
For MIRCA2000 irrigated (Ke m rescaled irrigated /ntematronauouma/ of anm:aqy 25(6), 693-712.

rined crop areas 4) State Statistcal Bureau, Statistical Yearbook of China 2000, China Stat. Publ. House, Beiing, 2000,
5) Portmann, F.T., Siebert, S, D.P., 2010, MRCA2000 - Global monthy iigated and rainfed crop areas around the year 2000: A new high-resolution data set for
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10% of irrigated yield = ~50 million metric ton C
O e e S o mesramenebor pocklone o orsincrop wate eiements, Food and Agrclur 1 metric ton Rice = ~1.3 x 106 Calories = one year of food for 2 people (assume 2000 Calories per year)

and rainfed crop areas

§) FAO/UNESCO, 2003. Digtal Sl ap ofthe ordand Derved Soi Propertes Verso

Differcnce = yield impact Orgamuzmn o the United Nations (FAG)

50 million metric tons x one year of food for 2 people = one year of food for 100 million people (7% China’s pop.)




