Moirai v3: a land data system for
providing inputs to global models

—

PR S vl — et e
—aFEN s,

>

% . Alan V. Di Vittorio - v 7

" Lawrence Berkeley National Laboratory
Chris Vernon (PNNL) and Shijie Shi (UIUC)

|IA/GCAM annual meeting
17 Oct. 2018

EQI\RI-II-I;.IOSI(\IMENTAL CLIMATE & CARBON SCIENCES PROGRAM Pacific

SCIENCES e

A

-




Overview

| and use and land cover data
*\Why are these data important?

e Moirai: a system for spatial reconciliation of
land use and land cover data



Global historical land use data

*Not much to choose from, and they have
overlapping sources

Data Coverage Source
KK10,land use | S000BF - 1850AD 1y hian et al, 201
5 arcmin
1 700-1992, Ramankutty and
SAGESagland half-degree Foley, 1999
Houghton, cropland 1850-2000, Houghton, 2010
and pasture global
HYDE 3.2, multiple | 10000BC - 2016, | Klein-Goldewijk et
land uses 5 arcmin al.,, 2017
Land Use 850-2100,

Harmonization

quarter-degree

Hurtt et al,, in prep




Initial conditions matter

KK10 land use HYDE 3.1 (crops + pasture)
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Net carbon loss (kg m=2) = natural vegetation — ALCC scenario Kaplan et al., 2011
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Considerable uncertainty
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Global historical land use and cover data

e Usually developed as needed from unique land
cover sources and not made publicly available

Examples Coverage Source
MPI-ESM/S-BACH | S00-1992, 1o otz et al, 2008
half-degree

1 765-2005, Meiyappan and |ain,
ISAM land model half-degree 2012
LCC uncertainties 1850-2005, Di Vittorio et al.,
in CESM/iESM half-degree 2018

Carbon and LULCC 1850 - 1990,

uncertainties half-degree Peng et al., 2017
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Considerable uncertainty in land cover
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Considerable uncertainty in land cover

RCP4.5, CMIP5 LUH, CESM

Global area
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Di Vittorio et al., 2018



Land use/cover uncertainty in Moirai
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Why does this matter?

eEach land representation is a unique Earth
that yields unique analysis and modeling
results

e Both initial conditions and trajectories
significantly affect economic, carbon, and
climate projections

e Problematic when used for scenario-based
Earth system modeling or multi-model
comparisons
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Moiral data inputs

Spatially explicit data
*\VMAPO countries (234)
e User Geographic units
*|_and cover data

e SAGE data:

*175 crop yield, area
e cropland extent

* potential vegetation
*land area

*MIRCAZ2000 irrigated area
* Crop water footprint

*HYDE3.2 data:

e agriculture and urban
*land area

* Original AEZ boundaries
e Protected area

Tabular data
* GTAP regions (87)
*FAO countries (235)
e GTAP land rent
* GTAP use sector list
*FAOQO crop list for mapping
*FAQ crop production
*FAO producer prices

*FAQ crop yield, area
* for recalibration

* GCAM country to region

e _and use/cover mapping

* Potential vegetation carbon
density
* vegetation and soll

e USD-year conversion




Workflow for crop and land rent outputs

Geographic Land Units
(GLUs)

Example: 235 water basins

Valid land
cells

Land fraction

Normalize to working for crop data

grid land area and
aggregate crop data
to GLUs

175 crops:
within countries

Yield,

12 land use |
types, 2000

32 land cover
and use types,
2000

Yy v

Calculate reference year (2000)
land type area and aggregate
forest and pasture area to
18 Original AEZs X 87 regions

mapping of

otential regions

countries to 87

Harvested area

175 crops

235 GLUs X 231 countries
Production

Harvested area

Calculate 8 crop
land rents through
aggregation of 175 crops

FAO crop
production

»

P
Vegetation

N A

Calculate forestry land rents by
aggregating original forestry land rent

and prices

Y

Calculate 3 livestock
land rents using grain crops
and pasture area

/ GTAP '\

per area at the cell level to the forest
area in the 235 GLUs and 87 regions

L]

87 region
land rents

235 GLUs X 87 regions
Forestry Land Rent

235 GLUs X

3 Livestock Land Rents

87 regions 235 GLUs X 87 regions

8 Crop Land Rents
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Workflow for crop and land rent outputs

4 N\
Data Reconciliation!

-

~N
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\.

Determine areas of forest and
pasture in Original 18 AEZs

v

-

\_

Disaggregate forest land rents to
235 GLUs X 87 regions based on
original land rents and forest area

!

-

/\\
) 4

J

Calculate crop production and
harvested area per |75 crops X

235 GLUs X 23| countries

~N

J
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\_

Disaggregate | | ag sector land
rents to 235 GLUs X 87 regions
based on production and price

~N

J




14

Workflow for additional outputs

Geographic Land Units
(GLUs)
Example: 235 water basins

Land fraction
for crop data

Determine valid land
cells based on the
intersection of land

area, countries, GLUs,

and 87 regions

Calculate water volume
consumed and aggregate to
GLUs within countries

mapping of
countries to 87
regions

18 crops,
water consumed in
grid cell area

L\
32 land cover
and use types,
1800-2016
N __—

12 land use types,
1700-2016

Calculate historical land
type area (1700-2016)

18 crops X
235 GLUs X
231 countries
Water volume
consumed

Protected
area

LN
Potential

Vegetation
N —

235 GLUs X 231 countries
X 128 land types X 47 years
Land type area

)

6 crops,

Irrigated and
rainfed

arvested area

Potential
vegetation
carbon density
plant and soil)

y

Assign reference vegetation
carbon densities for plants and soil to
GLUs within countries

Aggregate crop data to
GLUs within countries

v

26 crops X
235 GLUs X 231 countries
Irrigated harvested area
Rainfed harvested area

235 GLUs X 231 countries
X reference vegetation type
Plant carbon density
Soil carbon density
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Workflow for additional outputs

4 )

Data Reconciliation!

- * /
/ \
3 ) 4 N
Determine land type area for 128 Determine water volume
land types X 47 years X 235 GLUs consumed for |8 crops X 235
\ X 231 countries ) . GLUs X 231 countries )
4 ) 4 )
Determine plant and soil carbon Determine irrigated and rainfed
density for 32 unmanaged land harvested areas for 26 crops X
_types X 235 GLUs X 231 countries 235 GLUs X 231 countries
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Cumulative probability
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Validation (water basins): global

distributions of Wheat, by country

Wheat production cumulative distribution comparison

-=+ GTAP
- = Moirai GLUs
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Wheat harvested area cumulative distribution comparison
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— FAO
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Production (t)
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Validation: Mean of crop regressions
against GTAP data

Country level comparison

| FAOr2=0.92

M0|ra| 2 =0.93

Moirai: slope = 1.02 +- 0.04, r*2 = 0.93
FAO: slope = 1.1 +- 0.05, r*2 = 0.92
GTAP: one-to-one line
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Cumulative probability
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Validation (Original AEZs): land rent

distributions, by GTAP land unit

Forestry land rent cumulative distribution comparison

Moirai v3
Moirai v2
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Validation: Mean of land rent
regressions against GTAP data

GTAP land unit level comparison
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summary

e Global land use data are sparse, and vary
considerably
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summary

e|_ack of integrated land use and land cover data
and analyses is a major problem for the global
change science community
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summary

* Moirai is only a first step toward resolving this
problem



summary

*\Working toward an open source release of Moirai
and its input data, including a manuscript



Questions?

ECHAM 2071-2100 climate agro—ecological zones

Latitude

100°W 0° 100°E
Longitude
AEZ1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
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