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* The complexity of land-atmosphere (L-A) interactions can be synthesized into simple processes

chain of Local L-A Coupling (‘LoCo’):

‘M — AEF — APBL — AENT — A4T,,,0,,
AP/Clouds
Process Chain’ (a) (b) (c) (d)

* Overarching Goal: Better understand the

how/why of soil moisture impacts on NWP via

understanding links in the LoCo process-chain.
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 Three Phases:

— Part1: Assess SMAP vs. LSM and in-situ

soil moisture
— Part 2: Intercompare a suite of soil

moisture ICs for coupled WRF simulations
— Part 3: Understand L-A coupling influence

on 2-meter T, q statistics
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oisture Products

- Part1: Ei'—-%ﬁﬂres ‘

> Understand the behavior and variability of SMAP soil moisture retrievals and their relationship to
offline LSM output and in-situ data.

« Experimental Design + Datasets
— U.S. Southern Great Plains (TX, OK, KS, NE) — SMAP L3 Enhanced (9km) product
— NASA'’s Land Information system (LIS) w/Noah LSM — ARM-SGP Data
— Domain: 1100x750 @ 1km resolution - EBBR/ECOR flux towers
— LIS spinup: 1 Jan 2011 - 31 Dec 2016 - STAMP soil moisture (2016-on)
- Control Run:
— NLDAS-2 forcing R Do _
— Climatological greenness (GVF) B M* e Rl » o
- Permutations: ~ ,:& — |
— Forcing (NLDAS-2 vs. GDAS) it ﬂ i R
— GVF (Climatological vs. VIIRS) s e 2% | el
— Soil Layering (0-10cm, 0-5cm, 0-2cm) e T
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« To date irrigation detection from satellite has proven difficult even over well known, expansive regions

+ SMAP Enhanced SM can detect irrigation timing and areal extent in three, semi-arid regions

Lawston, P. M., Santanello, J. A., Jr, & Kumar, S. V. (2017). Irrigation signals detected from SMAP soil moisture
retrievals. Geophysical Research Letters, 44.
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Part 2: Impacts of Soil Moisture ICs on NWP

> r
Common Soil Initialization Approaches ]
* Impa( ' ' Assimilation/Calibration o0 soil
down: Increasing Complexity YT those
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NASA'’s Land Information System (LIS)

* Provides a suite of LSMs
under a consistent,
high-performance
computing and software
framework that allows for:

* Land DA, Calibration

+ Flexible Forcing,
Parameters, Physics,
Ensembles

+ Coupling to WRF

Uncospled or
Analvsis Mode

LS - OPTJE

-

Oparaaion and Uscorcangy Euireacion
JMSCE-UA GA RWHMCHE DEMG)

LS - D&
Yo Aoowrwarion (B P

ey

+ Provides an observation-driven,
integrated modeling system that
represents aerosol, cloud,
precipitation and land processes at
satellite-resolved scales (1-4 km)

+ Integrate unique NASA observation
and modeling assets under one
roof:

— Satellite Data
—~ Model Physics
— Expertise/Software
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» SMAP tends to be drier than
the model, especially at lower
soil moisture regimes (<0.15
volumetric).

» Bimodal distribution due to

antecedent precipitation gradient
(NW-SE) over the region, except

for GFS.
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» The operational NLDAS and
GFS products are significantly

wetter than the other LIS runs
or SMAP.
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PBL Height Evolution
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- SMAP products look good overall compared to LSMs, in-situ, and for irrigation
detection

- Looks like ‘real’ soil moisture

- Captures the overall heterogeneity and dynamics of soil moisture in the region

- There remains an ‘observability’ issue between LSM and observed soil moisture

. Impact of soil moisture ICs can be understood via process-level analysis (LoCo)
- Bulk impacts on Fx statistics are not always straightforward or systematic, involve complex L-A feedbacks

» Any improvement in prediction (T, RH, Precip) can be the right answer for wrong (or unknown)
reasons

- Positive impacts of soil moisture or other land/LSM developments may be diminished due to atmospheric
ICs and inherent issues in the coupled model

» Any degradation in prediction can be the wrong answer for the right reasons (e.g. improved LSM)
- Understanding the coupling therefore becomes critically important to identifying the how/why of Fx impacts

Integrated, process-level analyses and diurnal cycles are not unique to these
models/scales!




